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them. Many of these are, of course, amplified and extended in subsequent 
sections on the bacteriological diagnosis of the various infectious diseases. In 
the preparation of this material the writer has drawn heavily on the Manual 
of Methods of the Society of American Bacteriologists and on Diagnostic 
Procedures and Reagents of the American Public Health Association in an 
effort toward further standardization of laboratory procedure at this basic 
level. The chapter on streptococci has also been completely rewritten with 
closer integration of these bacteria as a group of pathogens, and a relating of 
the various clinical forms of infection on this common basis. The rapid advances 
of the past few years in bacterial genetics have necessitated a reconsideration 
of bacterial variation, and this chapter has likewise been entirely rewritten in 
a somewhat different form with consideration of the observed variations, the 
relation of these to one another, and finally the questions of underlying 
mechanisms. In conjunction with this, the earlier section on the effects of 
radiation has also been rewritten. 

A considerable number of sections have also been rewritten. These include 
the sections on respiration and carbohydrate metabolism, in which greater 
emphasis has been placed on the cyclic nature of these processes together with 
integration of the modes of formation of the products of carbohydrate metabo- 
lism as a generalization of pyruvate metabolism. Sections on the biosynthesis 
of carbohydrate and amino acids have also been added, and the catalysis of these 
and the catabolic phases of metabolism related to nutritive requirements. Sim- 
ilarly, the discussion of the mechanisms of antibacterial action has been rewrit- 
ten and extended, and related more closely to bacterial physiology. The section 
on hypersensitivity has been revised also, with correlation of clinical disease 
with basic immunological phenomena, and entirely new sections on Ponovania, 
rickettsialpox and infectious hepatitis have been added. 

Other more general changes include the addition of a considerable number 
of electron micrographs, and more recent data on the seasonal : lddenee of 
infectious disease. As to the former, only relatively recently has resolution been 
such that electron micrography has contributed to and beeom- a valuable 
adjunct in the study of bacterial morphology. Its value is apparent in the 
demonstration of intracellular structures perhaps identical with nucleus-like 
chromatimc bodies, the convincing evidence of the origin and insertion of 
flagella, the elucidation of the details of L type reproduction, and other hitherto 
obscure problems, Electron micrographs have, therefore, been freely used to 
illustrate these and other matters, but have not been substituted for photo- 
micrographs which remain, of course, invaluable to the student. 

The writer is greatly indebted to his collaborators, Dr. F. B, Gordon who is 
responsible for the viruses. Dr. R. J. Porter who has continued his responsi- 
bility for medical parasitology, and Dr. J. W. Moulder who, with this edition, 
has taken over the general subject of bacterial physiology and has written the 
sections on respiration, carbohydrate metabolism and synthesis. These con- 
tributions are now recognized on the new title page coincident with the 
dropping of the name of Dr. E. O. Jordan os co-author. With the rewriting of 
this book through successive editions since Dr. Jordan’s death thirteen years 
ago, his connection with it has become so tenuous that his name can no longer 



TYPES OF IMMUNITY 

The phenomena that present themselves for study are derived from the most 
diverse sources. Some come to us from epidemiology, using that term in its widest 
sense. Under natural conditions different animal species show a widely differing 
incidence of certain infections. Thus, anthrax is in the main a disease of herbivora. 
Of the animals dying of anthrax in this country in 1914, 733 were cattle, 5 were 
sheep, 32 were swine and 25 were horses. In Australia and South America sheep 
are more commonly affected ; but Algerian sheep arc stated to be highly resistant. 
Tuberculosis is one of the commonest natural infections of man and cattle. It is 
common in pigs and in fowls. It is relatively uncommon in sheep, goats, horses, 
cats and dogs ; and very uncommon as a natural disease in rabbits, guinea-pigs, 
hamsters, rats and mice Among mankind there are well-marked racial differences 
in jts incidence and severity In eight of the great cities of the United States 
in 1920 the mortality from tuberculosis among the white population varied from 
0-794 to 1-216 per 1,000 living ; among the coloured population it varied from 
2-855 to 4-205 per 1,000. Such instances could be multiplied ad nauseam. 

The epidemiologist also records differences in the incidence and fatality of 
various infective diseases at different ages, suggesting in many cases an increase 
in resistance with age. He notes also that repeated attacks of the same infective 
diseases are in some instances very rare, as in measles, or smallpox, or diphtheria, 
or typhoid fever, whereas in others they arc relatively common, as in influenza, or 
pneumonia, or the common cold. 

Other data come to U3 from clinical medicine in the narrower sense. Infections 
that, in their usual course, progress slowly to death or recovery sometimes assume 
a fulminating form. Such a protean infection as tuberculosis shows the greatest 
diversity in the varying prominence of its local and general manifestations. In 
any infective disease we arc confronted with a wide variety of circumstances m 
which some patients die and some recover. 

For the immunologist these are crude facts that require analysis. Using his 
own methods he re-examines the phenomena presented by natural infection. Some- 
times he transforms the picture they present. He finds, for instance, that the 
recorded frequency of natural tuberculosis in various animal species does not in 
all cases reflect their relative resistance to experimental infection (see Chapter 59). 
He discovers also that there may be a diversity of immunological states within a 
single clinical syndrome. This is true of tuberculosis ; there are different types 
of the tubercle bacillus, and a given host species is more resistant to one type 
than to another. It is true of lobar pneumonia. For the immunologist this is 
not one disease but several, each caused by a significantly different type of pneu- 
mococcus ; and he notes that the statement that second attacks of pneumonia 
are not uncommon may belong to the Baconian category of a truth that has in 
it a mixture of a lie. Again he finds that enteric fever is not one but many ; and 
his attempts at interference are planned accordingly. 

Another important change that the immunologist makes in the clinical and 
epidemiological picture is in regard to the character and extent of the association 
between any given parasite and the host species that it infects. He finds that 
the real range of interaction includes states of equilibrium in which the host shows 
no overt signs of disease. Whether we call all these conditions latent infections, 
or refer to many of the hosts as healthy carriers, matters little. No hair-splitting 
definition will help us much. The significant thing we have learned is that m 
some infections, such as measles, contact between a previously uninfected host 



Preface v 

be asked to carry the burden of responsibility for authorship, but is retained 
in the title as a token of the writer’s deep affection and respect. 

The number of colleagues who have taken the time and trouble to offer 
suggestions and criticisms is very great indeed. The writer’s obligation to them 
all can hardly be overestimated, and he hopes that they will continue to offer 
such invaluable advice. Of these, the writer is especially indebted to Dr. Stuart 
Mudd and his co-workers for advice and assistance regarding electron micro- 
graphs and newer studies of bacterial morphology, to Dr. C. Robinow for 
photomicrographs of his chromatinic bodies, to Dr. Robinow and Miss Woutera 
van Iterson for electron micrographs of flagella, to Dr R. W. G. Wychoff for 
his superb micrographs showing phage generation^ and to Dr. W. A Jamieson 
who allowed the writer free access to the entire collection of electron micro- 
graphs of the Lilly Research Laboratories, Last, and by no means least, the 
writer is deeply appreciative of the help of Mrs. Gertrude Conklin and that of 
the staff of the W B Saunders Company in carrying this book through the 
press to its final form. 


August , 1949 


William Burrows 
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the existence of an indeterminate borderline class, be is justified in using the 
classification, because most of the time the distinction can be usefully made. 

And so, if he has a taste for classification, the immunologist can draw up some 
such list as this : 

1. Innate Immunity (i) Non-specific. 

( 11 ) Specific. 

2. Acquired Immunity (l) Non-specific. 

(ii) Specific. 

(fl) Active. 

(a) Naturally acquired. 

C/5) Artificially induced. 

(b) Passive. 

(a) Naturally acquired (congenital). 

( p ) Artificially induced. 


Innate, or Genetic, Immunity. 

Of innate as opposed to acquired immunity, we have noted that different animal 
species may display wide differences in their resistance to various bacterial para- 
sites, or to their toxins This species immunity is of great practical importance 
in relation to the communicability of infective disease from animals to man, or 
from one animal species to another 

There can be no doubt that differences in innate resistance also occur within 
any animal species, one individual differing from another in this biological character 
as in any other. Of the extent of these differences and of the laws that govern 
their inheritance we as yet know very little It is obviously difficult to obtain 
unequivocal evidence m man for the inheritance of susceptibility to a given infection 
from field studies of human populations Nevertheless, the evidence is highly 
suggestive in some infections , for example, m leprosy (Aycock 1941), poliomyelitis 
(Aycock 1942), tuberculosis (Chapter 58), and rheumatic fever (Chapter 68). A 
number of workers have studied this problem by direct experiment, and their results 
indicate that it is possible to increase or lower the average resistance of a given 
strain of rats, mice or other experimental animals, by selective breeding. (See for 
instance Rich 1923, Webster 1923, 1924a, b, 1925, 1933a, b, Pritchett 1925, 1926a, b, 
Lambert and Knox 1928, Irwin 1929, 1933, Irwin and Hughes 1931, 1933, Lambert 
1932, Schott 1932, Gowen 1933, Gowen and Schott 1933a, 6, c, Schutze et al. 1936, 
Hill et al., 1940, Lurie 1941, Gowen and Calhoun 1943.) 

Experiments of this type are, however, subject to great technical difficulties The 
obvious method of obtaining a strain of animals with a high genetic resistance is to infect 
an adequate sample with the bacterium under study, breed from the survivors, and repeat 
the process through several subsequent generations. This pla/i has, in fact, been followed 
by some of the workers referred to above ; but it is clearly open to serious sources of error. 
In testing the resistance of our original generation we shall certainly alter it, and the effect 
of this alteration null not be confined to the parent animals. The surviving females will 
pass on a temporary passive immunity to their .young ; and, since most of the species 
commonly employed in such tests attain sexual maturity within a few months at most, 
this congenital passive immunity may persist until the F x generation are tested. A much 
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We are still largely ignorant of the defence mechanisms whose effectiveness is deter- 
mined genetically. Gorer and SchUtze (1938) found some evidence that in a strain of 
mice resistant to Salm. lyphi-murium the specific antibody response to the H antigen was 
better than in a susceptible strain, but this relation did not hold for 0 antigen, nor for the 
H or 0 antigens of Salm, tnterilidi ?. Lurie (1041), on the other hand, working with inbred 
strains of rabbits, of Jow and high res:stance, demonstrated that both the degree of cellular 
response to invasion by the bovine tubercle bacillus, and of skin response to the injection 
of heat-killed bacilli, was higher in the tuberculosis-resistant strains (see p. 1490). A 
similar, and more obvious rapid development of the cellular reactions, and to some extent 
of antibody response, was observed when the same strains of rabbit were tested by in- 
halation of a less rabbit-virulent human strain of tubercle bacillus (Lurie el al, 1952). 
In inbred strains of mice selected for resistance to Salm. lyphi-murium the degree of re- 
sistance was found by Gouen and Calhoun (1943) to be correlated with the mean number 
of leucocytes circulating m the blood. A large number of circulating leucocytes, however, 
iff probably a manifestation of it general not of a specific resistance to the organism, for 
as Reich and Dunning (1941) showed in rats, the numbers of leucocytes may bo correlated 
w'jth general fitness for survival. 

Severens, Roberts and Card (1944) studied the defence mechanism in two breeds of 
hen, which as chicks aged l-l** days were respectively ausceptiblc and resistant to infection 
with Salm. pullorum. All the demonstrable differences in the reactions of the two breeds 
were connected with lymphocytes. Age for age, the number of circulating lymphocytes, 
the rate of them normal increase after hatching, and the number present in the tissues 
of the spleen, were all greater in the resistant breed of chick. Moreover, splenectomy 
reduced both resistance and the circulating lymphocytes in the resistant chicks, but bad 
little effect on the susceptible. It is suggested that the greater availability of lymphocytes 
may have increased the resistance by providing large numbers of precursors for macro. 
phages in the tissues of the resistant chicks. 

There may aiso be genetic differences in the ability of phagocytes to digest the pathogen. 
The splenic reticuloendothelial cells of mice resistant to Salm. lyphi-murium digest the 
invader rapidly, and those of susceptible mice digest it very little; moreover, whereas 
the salmonella inflicts metabolic damage on the whole liver in the susceptible strain, in 
the resistant it produces a few severe lesions in an otherwise healthy liver (Oakberg 1946). 
In selected strains of fowls tested with Salm. gallinarum, Beil (1049) recorded an association 
of resistance with the ability of the circulating polymorphonuclear leucocytes to digest 
the salmonella tn vitro. He also noted a slightly higher body temperature, and greater 
capacity to maintain the body temperature when subject to low air temperatures, in the 
more resistant strains. Weir (1949) recorded in mice an association of higher mean blood 
pH with resistance to Salm. typhi-munum (of the order of ”■4, as against 7-33 in susceptible) 
both in mouse strains as a whole, and in the individuals of populations resulting from 
crosses between resi&tants and susccptiblcs But when strains were bred for high and 
low leucocyto counts, and high and low pH respectively, it was found that mice with low 
leucocyte counts and low pH were the most resistant (lVeir et al. 1953). If it is assumed 
that blood leucocytes and pH do in fact contribute to defence against infection, then re- 
sistance depends on complex interactions of characters which, taken independently, o 
•w nopp^nrdv contribute to resistance. Again, if we assume that intoxication by bacillary 

- 1 _J e -v.„U,nlp 


and repeated the procedure for ten generations, nw b-y* ~ • 

aistant to the toxin as compared with control unselected mice, but in spite of this it had not 
acquired any resistance to infection with the living bacillus. 

'/I Jn summary, then, we have undoubted examples of heritable resistance to ce am 
experimental infections ; resistance which by breeding can be selected without exposure 
to the infection in question, and which in some cases has proved, m comparisons of 
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TYPES OF IMMUNITY , 

less frequent, local lesions common and relatively extensive, and latent infections 
increasing in frequency. 

, , partial immunity of a high grade, death no longer occurs, bacteremia 
is infrequent and, when it occurs, is slight and transient. Local lesions are becoming 
much less frequent and, when they occur, much less extensive. Latent infections 
reach a maximum frequency and then begin to decline. 



Finally we reach the limit — perhaps never fully attained — of complete or solid 
immunity. The host is entirely impervious to all attacks of the parasite. 

It will not have escaped attention that the grades of resistance that we have 
labelled as partial immunity are compatible with severe and often fatal infections, 
and that many infective diseases in their common clinical form might be regarded 
os occurring in partially immune persons. This view is almost certainly the right 
one. The syndromes that normally characterize such diseases as typhoid feier, 
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will learn something from their success or their failure. In medicine this is not 
always the case, simply because the practice of medicine is a much more difficult 
thing than any kind of mechanical industry, or indeed than any industrial process 
at all. 

It may be quite easy to tell when an immunological procedure is an unqualified 
practical success. It is much more difficult to tell whether it is a partial success, 
or an unqualified failure. And this cause of confusion, which in truth affects the 
immunologist in the laboratory almost as much as the physician in the ward, is 
so important that it deserves a separate chapter. 
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will learn something from their success or their failure. In medicine this is not 
always the case, simply because the practice of medicine is a much more difficult 
thing than any hind of mechanical industry, or indeed than any industrial process 
at all. 

It may be quite easy to tell when an immunological procedure is an unqualified 
practical success. It is much more difficult to tell whether it is a partial success, 
or an unqualified failure. And this cause of confusion, which in truth affects the 
immunologist in the laboratory almost as much as the physician in the ward, is 
so important that it deserves a separate chapter. 
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here to a brief discussion of some general principles, with illustrative examples 
drawn from a few immunological problems. 

The cause of our troubles is sufficiently obvious. It was set out very clearly 
by Greenwood (1921) and by Yule (1921). The worker in the more exact sciences 
can reduce his uncontrollable variables to a small and often to a negligible residuum, 
and can so obtain constantly reproducible results. We cannot. In experiments, 
on living animals, and still more in assessing the value of therapeutic or prophy- 
lactic procedures m man, we cannot exclude the interplay of factors about which 
we know little, except that they arc certainly very numerous and may be very 
important. We cannot avoid an element of randomness in our observations; 
but, if we have planned our experiments wisely and fortune has been kind in 
eliminating major disturbing factors that we could not have foreseen, this random- 
ness will be of the sort which wc can express in numerical values and whose effects 
can therefore be assessed with some accuracy in the interpretation of our results. 

It will simplify discussion to consider in turn a scries of problems of the kind 
that are continually presenting themselves for solution. 

THE MEASUREMENT OF RESISTANCE 

To take the most obvious problem, though not the simplest, liow can we measure 
the resistance of an animal to a particular parasite or to its toxin ? Suppose 
first that we wish to measure directly the resistance of the animal as a whole, 
taking death or survival as our test. Then it is only under quite exceptional 
conditions that we can obtain any measurement on a single animal. If we are 
dealing with a very powerful toxin that kills rapidly, within a few minutes or 
hours, it is sometimes possible to give repeated and increasing doses at short intervals 
and so to measure approximately the amount which is necessary to cause death. 
But if our toxin acts more slowly, or if we arc dealing with a living bacterium, 
this method cannot be employed. If we start with a small dose and the animal 
fails to die during the period — usually measured in days — within which we should 
expect death to occur, wc cannot test it again by giving a larger dose, because 
our first dose will almost certainly have changed its resistance. It is not, from our 
present point of view, the same animal as before. If we start with a large dose 
and the animal dies, we do not know how it would have reacted to a smaller dose ; 
if it lives, we know that it is resistant at that particular dose level, but we do not 
know and can never discover how it would have reacted to doses larger still. It 
is clear that, if we take death or survival as our test, we must deal with groups 
not with individuals. This condition is, in truth, usually implicit in the question 
we want to ask. We are not often interested in the resistance of a particular mouse, 
or guinea-pig, or rabbit, as such. Wc are almost always regarding the individual 
as a representative of a class — normal, or treated in some way that may, we think, 
have altered resistance to a particular bacterium or toxin — and few of us are 
naive enough to believe in a standard guinea-pig, even if we confine ourselves to 
animals of a given breed, sex, age and weight. What we sometimes fail to realize 
is that we must, in most cases, test large numbers of animals before we can regard 
our result as representing truly the average behaviour of the class from which 
those animals are drawn. 

There is another problem, intimately and necessarily bound up with that of 
measuring resistance, namely, the problem of measuring, or at least specifying, 
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to our treated animals a large dose of bacteria or toxin, which experience has 1 

shown to be certainly fatal to all untreated animals of the same species, age, weight, ! 

etc., and note that the treated animals survive. But we shall be wise to make 
very sure about our “ certainly fatal ” dose, especially if our group of treated 
animals is small. We shall, indeed, always test a few untreated controls to guard 
against any gross experimental error. 

But the increase in resistance may not be of this dramatic kind. Our treated 
animals may be unable to withstand a dose of bacteria or toxin that will kill ail 
untreated controls, though the mortality in treated and untreated groups may 
differ appreciably. Our problem is to determine whether this observed difference 
is likely to have occurred as the result of chance. 

In the following section, we discuss relatively simple examples and assume that 
the experimental animals behave according to expectations based on certain 
statistical arguments. Reference to modern text-books of statistics will show t at 
we might have used other statistical concepts — and indeed, for more compel 
examples wc should have had to do so But our examples are sufficient to illustrae 
the mode of statistical argument, and to introduce the reader to some o e i 
elementary terminology. I 

Suppose that wo know, from an extended experience, that a particular experimental 
procedure causes an average death-rate p in a large group of animals. This ra e, p, 
pressed as a fraction of unity (e.g. p = 0-5 for a 50 per cent., and 0 3 for a ’ 

death-rate), can also bo taken as the probability of one animal dying The pro 
of its living is (1 — p) = q ; and q clearly is the survival rate among the annnn s, i 
the percentage mortality is 30, the percentage survival must be 70. jn 

Supposing we know- the true average mortality to be 0 5, how often arc we i ^ 
a single test, to observe it? Two animals A and B are injected. The pro a ^ 
A’s dying is p and of B's dying is p , and of both dying is p 2 . The probabi i J 0 ^ 

living is q 2 . The other possible results are (i) A’s dying and B’s living an “ v a j,jlity 
and A’s dying ; and in both cases the probability of the event is p x J- The pm ^, 0 
of one animal dying and the other living, irrespective of which docs which, is P7- 
bave therefore : 


Probability of two deaths 
Probability of one death 
Probability of no death . 


2 P<1 

9 * 


These are the successive terms of the expansion of the expression (p + q) » " ,ere ja ( e 
and we obtain the results for larger groups of n animals by substituting t le a PI ttin g 
value for n in the expression. For instance, with four animals, the proba n } j 

4, 3, 2, 1 or 0 deaths in any single test would be p 4 , 4 p 3 q, 6 p~q~> an ^3-5 0 25, 

Both p and q arc 0 5, so that these five terms are respectively 00625, 0 - . ’ are 

0-0625, and represent the relative frequencies of each of the 5 possib e even s. _ , ^ |Te 
plotted in Fig. 240A. The curves for B and C take us two steps further, being t 
frequencies when n = 8 and » - 12. A, » increases, the figure 

and shows a decreasing proportion of its total area at each on o le „ V pnts. 

figures represent distributions of the relative frequencies of the various possib 
SE first important fact about a frequeno.v distribution is m 

which is used to characterize tlie distribution. In J frequencies are sya- 

each case » x 05, U. 2, 4 and 6tetl»^ Symmetrical deposition is the result 


metrically disposed on either side of the mean, (^“^‘““of.'the relative frequ-ncies of 

• 1 — 0 3, ana therciore « v •— 1 


of taking p = ?• W » » tako P = 


4, 3, 2, 1 and 0 deatlis in a 


bat cli of 4 mice are given 


by the binomial expansion of (0 3 + 0 7) 4 
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that the 3 groups in A, B and C are not completely alike, even though all the animals 
are, by hypothesis, equally susceptible to the lethal agent. In A, for example, the 
frequency with which a deviation of + 50 per cent, from the mean will occur by chance 
is p t , which is 0 0625 or about G times in 100 trials ; whereas in C, the same deviation will 
occur by chance about twice in 10,000 trials, since p 11 is 0 000244. More generally, as 
the relative heights of the columns in A and C show, the bigger deviations from the mean 
are less hkely to occur in the test with the larger number of animals ; and there is a 
greater probability of obtaining results near the expected mean death rate of 50 per cent. 
In comparing distributions, then, we must consider not only the mean, but also the range 
over which the deviations from the mean are spread ; to do this we need a measure of the 
Bpread of deviations applicable to all distributions of this type. Tliis measure we find 
in a value known as the standard deviation, which is the Becond important characteristic 
of a distribution. 

For the better appreciation of the standard deviation, we shall consider a distribution 
that is more general in form than A, B or C. These are step-like collections of parallelo- 
grams, the area of each of winch corresponds to the relative frequency of each event. 
If we make n very large, say 1,000, and reduce the scale upon which we record the events, 
the figure for ( p + g) 1000 approximates to a continuous curve of the form I). Tins curve 
is known as the normal curve. The distribution of frequencies of a number of biological 


TABLE 59 


Deviation In Terms of the Standard 

Error ; or Ratio between a 

Difference and Its Standard Deviation. 

Odds against this Deviation or 
Difference being tho Result of Rsndom 
Chance. 

0-5 

0C to 1 

10 

2-15 to 1 

1-5 

G-5 to 1 

20 

20 93 to 1 

2-5 

79 53 to 1 

30 

369-4 to 1 

3-5 

2,149 to 1 

40 

15,773 to 1 

4-5 

147,188 to 1 


measurements, such as the height of human beings of a certain age, or the resistance of a 
certain type of animal to doses of a certain poison, approximates to tlus mathematically 
defined curve. In many of the measurements we make in the study of immunity, the 
deviations from mean values can be fitted to a normal curve, though not necessarily in the 
form of our raw data. The abscissae in Fig. 240, it happens, arc on a linear scale. Normal 
distributions of this kind are not commonly found in nature ; but, by suitable transforma- 
tion of the variate that we measure into a logarithmic or other scale, we obtain a sufficient 
approximation to the normal curve for valid statistical calculations (see Gnddum 1945). 
For reasons that will bo found in the statistical text-books, we may assume with some 
confidence that in the measurements of resistance, etc., with which we are mainly con- 
cerned in immunity, the deviations from a mean value will be distributed much as they 
are in the normal curve, and that the arithmetic of the normal curve will be applicable to 
most of our data. 

The standard deviation of a distribution that approximates to the normal may be 
obtained arithmetically, by squaring all the deviations from the mean, adding the squares 
together, dividing the result by the total number of observations, and taking the square 
root. The resulting figure, the “ root mean square deviation,” is usually written as a. 
It has a positive and a negative value and is correspondingly measured to the right and left 
of the mean in graphic representation of the distribution. In Fig. 240 D, for example, 
the base 1™ has been marked off at ± tr, ± 2 a and ± 3o, and verticals have been erected 
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(05 + 0 5)", the curve with which we are actually concerned will usually be asymmetrical, 
corresponding, for example, to the expansion of (0 3 + 0 7) K , for we shall not necessarily 
be dealing with a test that gives an average mortality of 60 per cent. But if the number 
of animals in the group under teat is not too small, say not less than twenty, and the 
chance of the less likely event, life or death whichever it may be, is not less than 0-2, 
the odds calculated on the basis of the standard deviation are sufficiently accurate. 

It will, however, have been noted that wo have, tliroughout the preceding discussion, 
assumed the possession of one very important piece of knowledge — the true average mor- 
tality of the procedure under test. Usually wc do not know this and have to assume 
that it is in fact the mortality we observe m the course of our experiments When we 
compare two groups of animals, one treated, the other not, we may get a difference in 
mortality. This difference may have arisen by chance ; i.e. the treatment has had no 
influence on the result. In this case the most probable event is a difference of 0. But 
the results from each group may by chance vary round the mean, and if one result happens 
to deviate largely in the positive direction and the other in the negative, the chance 
difference may be large. If wc repeated the comparison many times, we should expect 
the larger chance differences to be infrequent, the smaller ones more frequent, and differ- 
ences of 0 to be most frequent. Now it is found that differences between pairs of mean 
values derived from two normal distributions are themselves distributed normally ; and 
this distribution of differences has a standard deviation, or as it is usually called, a standard 
error. This standard error is easily obtained, since it is the square root of the sum of the 
squares of the Btandatd errors of the two means from which the difference was derived. 
In our simple binomial examples, where x 2 and x, are the numbers of animals dying in the 
two groups, the standard error of a mean proportional death-rate x l /n l found in a group 
of «i animals in which the expectation of death is Pi is Vpjft/rq, and similarly of x 2 /n 2 is 
The standard error of the difference x t /n 2 — x, /n t = d. is then 

^Pi9 i/»i + Pi9t/n v 

If the difference has arisen by chance, i.e., if the two groups do not differ in any 
significant way, the best measure we have of the real chance of death is the death rate 
in the 2 groups as a whole. This, the mean chance of death, is (x l + x 2 )/(rt! + n 2 ), 
which we may call p 0 . The mean ch ance of survival, q Q = (1 - p 0 ). Th e standard 
error, then, of the mean x 1 /n 1 is now ^p<Nphf\ a nd t hat of x 2 /n 2 is V Po9o/ n s • ant ^ 

standard error of the difference is I) ori f„ e are dealing in percentages 

100 

Let us now take a concrete example. Thirty mice that had been repeatedly 
inoculated with a killed suspension of Salm. typhi-murium and 30 uninoculated 
mice to serve as controls were injected intraperitoneally with a constant dose 
(1,000 bacilli) of living Sahn. typhi-murium. They were then observed over a period 
of 28 days. During this time 16 of the 30 vaccinated mice died of the infection, 
and 29 of the 30 controls We may tabulate these results as follows : 

Number of mice surviving on 28th day : 

Vaccinated 14 = 46-67 P er cent ‘ 

Controls . . . . . • • * — ^*33 » » 

Difference . . . . • • . 13 = 43*31 *, » 

What are the odds against each of these observed differences in behaviour 
having been clue to chance ? 
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The experimental material can be tested for heterogeneity in various ways, though 
it is not often done. Lockhart (1926) divided a population of mice into groups of 20, 
gave each the same dose of a preparation of living Salm. lyphi-murium, and observed them 
for 14 days. In one experiment with 9 groups, the deaths were 16, 16, 17, 19, 18, 17, 15, 
17 and 14. This gives 36 differences between pairs. The largest observed difference, 
19-14, should (Table 60) occur by chance only once in 27 comparisons. In a second 
experiment with 5 groups, the deaths were 18, 17, 13, 16 and 13. The largest difference, 
18-13, occurs twice in 10 comparisons between pairs, and from Table 60, should occur 
by chance once in 17 comparisons. As far as they go, then, these figures and others we 
have not cited indicate within the limits of experimental error that Lockhart was reason- 
ably successful in randomizing his experimental conditions. But had the distribution of 
deaths differed widely from that expected from the errors of random sampling, it would 
have been clear that disturbing factors had not been eliminated. 

It is doubtful whether equally satisfactory results can always be attained in 
immunological tests of this kind The possible disturbing factors are legion ; so 
that unless there is good technical and statistical evidence of homogeneity, we 
shall be wise not to accept the usual odds of 20 to 1 as indicating a statistically 
significant difference in behaviour of two groups. We might, for instance, fix 
an arbitrary limit for the ratio of a difference to its standard error at 3 : 1, which 
would give us calculated odds of 369 to I against the observed difference being due 
to chance. These odds, may, of course, be too high, and might lead us to ignore 
differences that are possibly significant. But if we adopt lower odds we may 
attach significance to differences that arc in fact meaningless. In dealing with 
observations from the ward, or from the field, where fresh results cannot quickly 
or easily be collected, it is desirable that attention should be drawn to any points 
of possible interest or importance, with due emphasis where necessary on the 
allowance that must be made for sampling errors. In experimental work the 
case is rather different. The investigator will clearly be wise to take any hint that 
is offered by his quantitative results ; but if he desires to publish his findings and 
draw r conclusions from them, it is reasonable to insist on a stricter standard. There 
is nothing to prevent his repeating any experiment that has given a statistically 
dubious answer , and this is clearly what he should do. 

Experiments should, indeed, always be repeated, even when a single trial has 
given a result that passes all the conventional tests of statistical significance. We 
can never be quite sure that the conditions of a single trial do not include some 
determining factor other than that wc are trying to investigate. By repeating 
an experiment several times, we are testing, in the only way we can, for the 
intrusion of unknown factors other than errors of random sampling. If each o 
several tests gives us a statistically significant answer, and each answer points m 
the same direction, we shall have some justification for stating our conclusion in 
general as opposed to particular terms ; but if some tests give different answers 
from others we must solve the problem of why these differences occur before wc 
can accept the indication given by the original experiment. 

The question thus arises, assuming a limit to the number of experiments 
animals that we have available, how we can use them to the best advantage m 
sojvi^g any particular problem. Shall we carry out one, or two, experimen 3 
with large numbers of animals in our test and control groups ? or, shall we rna e 
several experiments, each on a smaller scale ? 
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The answer would seem to be that each test should be made on a number of 
animals sufficiently large to enable us to detect a difference of the order we are 
expecting, making allowance for errors of random sampling. When this point 
has been reached we shall gain more by repeating the experiment, using groups 
of a similar size, than by doing one very large experiment, in which the effect of 
sampling errors would be considerably reduced, but which would give us no infor- 
mation in regard to other intrusive factors. 

In most laboratory experiments, in which we are expecting a high mortality, 
usually approaching 100 per cent., in our control group, and are hoping for a much 
lower mortality, say 30-60 per cent., in our treated group, we shall gain more 
information by repeating our experiment six times, using 25 animals in each group, 
than by doing one experiment with 150 animals in each group. The best procedure, 
in any given case, will depend on the size of the difference we are expecting. 

Sometimes, particularly m the application of a therapeutic measure in human 
disease, quite a small difference in mortality is an objective well worth attaining ; 
and, if we wish to determine a difference of this size, our groups in any individual 
trial must be relatively large 

Let us suppose we have made an antiserum which, on a piiori grounds, wo 
expect to be of value in combating a certain infective disease. Like all new 
curative measures it must be subjected to trial before it is adopted for routine 
use. It is not a question of trial or no trial, but of a well-planned trial that will 
give us a definite answer as quickly as possible, as against a planless, haphazard 
series of trials that will take a long while to tell us very little, perhaps at a con- 
siderable expense ill lives. Let us also suppose that the real average effect of the 
serum is to reduce the case fatality of the disease from 30 per cent to 20 per cent. 
— not, perhaps, a dramatic result but one that will save a large number of patients 
if the disease is a prevalent one. The only way in which the existence of such an 
effect can be quickly and certainly established is to test the serum on an adequate 
group of cases and compare the mortality in this treated group with the mortality 
m an untreated group. We must ensure that the two groups are as alike as possible 
by making the comparison over the same period and in the same place, because 
the mfectivity and severity of many diseases fluctuates with time and place : and 
we shall try, for example, to test only one race, and to have similar age ai.d sex 
distributions m the two groups. 

Table 61 sets out the figures for test groups ranging in size («) from 10 to 500. 
In each case the 10 per cent, difference in mortality appears ; but the standard 
error when n = 10 is 19 per cent., and though it decreases with increase of » 
(proportionately, in fact, to \/ n ) it is not until n = 150 that the 10 per cent, 
difference is even twice the standard error. After a trial on two groups each of 
200 patients we should begin to think it probable that the serum had done some 
good ; and we might accept the decrease from 30 to 20 per cent, mortality as an 
approximate estimate of the benefit to be expected from the serum. That is, we 
save one patient in three of those who would otherwise have died. When trials 
on this scale were repeated we should be surprised if there were many unfavourable 
reports. After a trial on two groups of 500 patients we should have no reasonable 
doubt that our serum had reduced the ease fatality 

It is of very real importance that trials of any new therapeutic measure should 
be planned and carried out on an adequate scale. Otherwise the period of so- 
called trial may be extended far beyond the necessary limits ; and a useless measure 
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days with a standard error of 0-960 days, whereas the moan time to death of the 28 
mice was 6-93 days with a standard e rror of 0924 days . Tho difference is 4 ■ 59 days, t 
standard error of tho difference is Vo-960* -}- 0-D24* =» 1-33. Tho ratio of the dif 
to its standard error is 4*59/1*33 = 3-45, and tho odds against observing such a dif 
as tho result of chnnco (Table 69) are about 2,000 to X. The conclusion is that w 
almost certainly made the disease less acute ns the result of immunization, aithoi 
have not increased the resistance of our mice to the {mint at « hich their chance of ul 
survival is significantly greater. 


THE MEASUREMENT OF TOXICITY OR VIRULENCE 

Wo often want to determine the minimal lethal dose of a bacterial toxin, 
a living bacterial culture. Still more often wc want to compare the minimal 
dose of two toxins, or of two cultures. Clearly wo must first titrate graded 
of tho two cultures against ft number of groups of animals. The results o. 
titrations ore instructive. When wc divide a large number of similar animal 
groups of equal size, and administer to each group one of a scries of incri 
doses of a lethal culture or toxin, wo may observe, if the scale of doses was sti 
chosen, that none of the animals dies in the group receiving the smallest 
With each increase of dose a larger death rate is observed and in the group rec 
tho largest dose all tho animals die. 


TABLE 62 


Dose a In Arbitrary 
Unit* 

lVrcentaKe Mortality 

Increase In rercentaw 
Mortality »)tb rarb 

Animals 

Increment of Dose 

2 

0 

_ 

3 

1 

1 

4 

4 

3 

5 

10 

0 

0 

22 

12 

7 

40 

18 

8 

00 

20 

9 

78 

18 

10 

DO 

12 

11 

90 

0 

12 

99 

3 

13 

100 



Table 62 shows a set of hypothetical percentage mortalities in 12 grou] 
100 animals, each group being given one of a scries of doses of a ct a 
Each dose differs by one unit of measure from the preceding dose. \ en ^ 
death rate against dose, as in Fig. 241(A), we obtain a characteristic curve { 
1927, 1929, 1930) for the toxin, or, more specifically, a dose-response cur e. 
third column of Table 62 records the values obtained by subtracting to 
mortality rate for a given dose of a units, the mortality for the ptece 
(a — 1) units. Inspection both of column 3 and Fig. 241(A) revea 5 ^ , 

most important features of the dose-response curve, namely that t e ra 
of percentage mortality is greatest in tie mdje ^ jf tin moth* 
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of pathogenic bacteria, the dose-response curve is far less steep The LD50 can 
be more accurately measured, and even with steep dose-response curves it is to 
be preferred to an estimate of the 100 per cent, killing dose. For example, when 
a strain of Sahn. typhi-murium was given in graded doses, each into 25 mice, the 
rise in mortality with numbers of bacilli injected was as follows : 10 bacilli, 24 per 
cent. ; 10 3 bacilli, 56 per cent. ; 10 5 bacilli, 88 per cent , and 10 7 bacilli, 96 per cent. 
For 100-fold increases in dose the change in percentage mortality in the region of 
95 per cent, was relatively small ; it was greater in the region of the 50 per cent, 
killing dose. In essentials, then, toxicity or virulence is best measured in terms 
of the LD50. 

It is instructive to inquire why the dose-response curve has this particular S-shape. 
If wo assume that each group of 100 animals is representative of the total of 1,200 animals 
from which they were drawn, it is clear that the figures in column 3 of Table G2 represent 
the proportion of all the animals which are susceptible to a dose of a units, but not to 
a dose of (a ~ 1) units. In each case, then, we may say that the recorded proportion 
of animals is on the average susceptiblo to a dose half-way between these two values, 
that is, (a — 05) units. Thus, the 3 per cent, of the animals susceptible to 4 units but 
not to 3 units, aro on the average susceptiblo to 3 5 units, and so forth. Plotting these 
proportions against doses as absciss® wc obtain the curve in Fig. 241 (C), which is in effect 
a frequency distribution of susceptibilities in the population of animals employed. The 
average, or mean resistance, corresponds to the LD50. The hypothetical curve B repre- 
sents the response of another batch of animals to the toxin, estimated from a series of doses 
increasing by 0 4 unit. The curve (D), the distribution of susceptibilities derived from it, 
has been drawn on a scale of unit increases in dose, for comparison with the curve (0). It 
is clear that the steeper dose-response curve corresponds to a narrow distribution of suscepti- 
bilities obtained in the performance of the test. These distributions, it should be noted, 
are distinct from the distributions of chance effects discussed on p. 1120, which were derived 
from an ideal population of identical animals infected with a fixed dose. Here we ate 
estimating how widely the population of animals varies in resistance to graded doses, though 
each mortality measurement is subject to the error discussed above. In estimating the 
mortalities from which the dose-response curve is built, we shall have to take into account 
both sources of error — the error due to heterogeneity of the animal population tested, and 
the error due to chance effects m small groups of animals. When the death-rate of a group 
is known, the last can be estimated by the Vnpq formula ; the first, only by measuring 
the slope of the dose-response curve. 

It will be clear that the more homogeneous the animals used, the more they approximate 
to an ideal test reagent and the smaller the error of measurement with a group of animals 
of a given size. Some breeds of laboratory animals used for biological assay of this kind 
are grossly heterogeneous, but it is possible to reduce the heterogeneity by inbreeding o 
selected strains. These inbred strains, which may or may not be pure lines, often yield 
much steeper dose-response curves than those of the parent strains, and their use m 
biological assay permits either a greater increase m the accuracy of an assay for the expendi- 
ture of the same number of animals, or measurements of the same accuracy with sma er 
numbers of animals. For example, Prigge (1937) recorded that the ratio of the sma es 
to the largest dose of diphtheria toxoid required to immunize the individual annua si n 
a mixed laboratory strain of guinea-pigs against a standard injection of toxin was l : 3~, • 

Similar tests of pure-hne strains inbred by brother-sister matings revealed a strain for w ic 
the ratio was as small as 1 : 25. . . .. j 

The LD50 may be estimated directly from a dose-response curve. One simple memo 
is to fit a straight line to observed mortalities whose values lie between P er ( -® n • 
and 75 rer cent, and read off the LV50. Its accuracy depends on the assumption W 
the curve is approximately a straight line between these limits. It is limit m i 
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TABLE 63 

Showing the Ncmbe* of Deaths in 20 Samples, each of 12 Mice, inoculated mm the 
Same Series of Giitnjtn TVMq /»» <,nr> rw*,™.. — t, _ 
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JO0 times more virulent than strain 18 ; whereas, as this experiment showed, there would 
have been no adequate reason to assume any difference in virulence. 


THE MEASUREMENT OF IMMUNIZING POTENCY 

Wc have already emphasized (p X 125) that the species of animal and of bacterium 
\vc use for immunological tests vary not only from day to day within a given 
laboratory, but from laboratory to laboratory. It follows that, strictly speaking, 
many of the results of a test are valid only for the particular biological system 
— such as mice and Str. ‘pneumonia — used on that occasion. By using mice of a 
known and obtainable breed and keeping them on defined diets, etc., and by using 
a known strain of pneumococcus whose constant virulence is assumed, say, by 
animal passage or preservation in the freeze-dned state, we may attempt to specify 
the conditions under which we, or other investigators, may expect to repeat our 
results. But the variability and heterogeneity of biological systems as complex 
as whole animals reacting with a living pathogen are quite beyond exact specific- 
ation, and all we can hope to achieve is a broad similarity of circumstances, from 
the exploitation of which we shall arrive at approximately the same conclusion as 
before. When, however, such tests are made in order to specify an immunological 
product like a vaccine or an antitoxin for human use, the range of unpredictable 
variation within biological test systems may be so large that the answer we get 
from it is clinically unreliable. Suppose we are testing the immunizing potency 
of diphtheria toxoid on an apparently average batch of guinea-pigs. If in fact 
the animals were exceptionally easy to immunize, wc should overestimate the 
potency of a given weight of the toxoid ; and we should underestimate it with 
guinea-pigs of more than average resistance to immunization. Diphtheria toxoid 
happens to be relatively harmless in large doses, so that in this instance we can alkwr 
for overestimation of potency by immunizing with plenty of toxoid. This will 
mean that very large amounts of an underestimated toxoid may be unwitting!) 
injected, 'which is wasteful, but not dangerous. With more toxic substances, 
obviously' we cannot risk making such allowances for overestimated potency. 
Moreover, the allowances we make are m all cases largely guess-work. For these 
reasons this method of direct estimation of potency from the magnitude of t e 
respoase in the test animal is to be avoided whenever possible. Fortunately we 
can often eliminate some of the uncertainty about the reproducibility' of the )t0 ' 
logical test system by introducing standard preparations of the active substance 



Chapter 1 


THE HISTORY AND DEVELOPMENT 
OF BACTERIOLOGY 1 


Bacteriology illustrates, perhaps better than any other branch of biology, the 
complex system of interrelationships among the sciences. Since the micro- 
organisms are so small that they are invisible not only to the naked eye but 
to the eye aided by simple lenses, their very discovery necessarily depended 
upon the development of optical science to such a point that lenses of sufficient 
perfection and magnifying powers became available. It is not strange, there- 
fore, that the many evidences of bacterial activity, such as the putrefaction 
and decay of organic matter, the infectious diseases of man and lower ani- 
mals, the common fermentations and similar natural phenomena, should have 
been viewed in the past as semimetaphysical processes. Despite the entire lack 
of evidence, some of the older writers voiced a belief in the existence of such 
microorganisms Fracastorius of Verona (1546) suggested a contaghm victim 
as a cause of disease, and von Plcnciz (1762) accounted for the specificity of 
disease on the basis of microbic etiology. Although such speculations might be 
considered a result of prophetic insight, in all probability they were no more 
than guesses to which, in view of present knowledge, it is not difficult to 
ascribe significance. In the absence of the experimental approach, the fer- 
tility of philosophic speculation remains a doubtful quality. 

Kircher had reported the observation of “minute worms” in the blood 
of plague patients in 1659, but it is doubtful that he ever saw the plague 
bacilli. The first concrete foundations of bacteriology were laid by a Dutch- 
man, Anton) van Leeuwenhoek, in the latter part of the seventeenth and the 
early part of the eighteenth centuries. Leeuwenhoek, a man of indefatigable 
industry and great curiosity, held a political sinecure in his native town of 
Delft. In his odd time, of which he apparently had a good deal, he ground 
lenses and became the most skilful lens grinder of his time. I Ie utilized these 
lenses in the construction of simple microscopes and spent many years of his 
long life (1632-1723) in examining a great variety of natural objects, with 
unremitting industry if without sjstcm, and in the course of lus observations 
chanced to come across the organisms now known as bacteria. That he did in 
fact observe these creatures is evident from the drawings he left of them. In a 
communication to the Royal Society, 5 of which he was a member, he states, 

1 For details see Bulloch: The History of Bacteriology. Oxford University Press, New 
York 1938. 

* Phil. Trans. Rov. Soc, 1677, 11-12 821. Observations, communicated to the pub 
lishcr bv Mr. Antony van Leeuwenhoek, in a Dutch letter of the 9th of Octob. 1676, 
Here English'd GmccminK little animals observed b> Inm in ram- well sea and snow 
water, as also tn water wherein pepper had lain infused 
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obtained by comparing doses of serum that protected mice against the same challenge 
dose of Sahn. typhi was 2:1 ; but by the less valid, but nevertheless often used, 
method of comparing the challenge doses of bacteria required to produce the same 
mortality rate in mice protected by the same volume of the two sera, the potency 
ratio was 29 : 1. 

We can express the ratio (potency of “ unknown ” : potency of standard) 
directly, saying, for example, that, weight for weight, the unknown is 0-03, or 
400, times the activity of the standard. It is more usual to assign unit potency 


TABLE 64 

Showing the Immunological Substances recognized Internationally as 
Biological Standards or Reference Preparations. 

I International Standard*. Weight of the Preparations I 


Diphtheria antitoxin 0 0028 mgm. 

Diphtheria toxoid, plain (No unit defined) 

Tetanus antitoxin 0 3004 mgm. 

Tetanus toxoid i 0 0300 mgm. 

Gas gangrene antitoxin (pertringens) 01)35 mgm. 

Gas gangrene antitoxin (cedematiens) 0-1135 mgm. 

Gas gangrene antitoxin (histolyticum) 0 2000 mgm. 

Gas gangrene antitoxin (Vibrion septique) 0 0974 mgm. 

Gas gangrene antitoxin (Sordelli) ' 0-1334 mgm. 

[ Staphylococcus alpha antitoxin i 0 2370 mgm. 

Staphylococcus beta antitoxin 2-6230 mgm. 

| Anti-dysentery serum (Shiga) 0 0500 mgm. 

i Anti-pneumococcus serum (Type I) 0 0880 mgm. 

Anti-pneumococcus serum (Type II) 0 0894 mgm. 

1 Anti-A blood grouping sera 0-3465 mgm. 

1 Anti-B blood grouping sera 0 3520 mgm. 

I Old Tuberculin 0 0100 mgm. 

Mammalian P.P D (purified protein derivative) 0 000028 mgm. 

i Anti-typhoid scrum units Ecfined 

I Scarlet fever (streptococcus) antitoxin 0 049 mgm. 

1 Anti -Brucella abortus antiserum 0 091 mgm. 

Anti-Q Fever serum (No unit defined) 

| International Reference Preparations. 


I Choleia Agglutinating serum (Ogawa) 
j Cholera Agglutinating serum (Inaba) 

Cholera Antigen (Ogaua) 
j Cholera Antigen (Inaba) 

, Cholera Vaccine (Ogawn) 
j Cholera Vaccine (Inaba) 

{For immunological standards in preparation, see Report 19o4.) 

to a certain weight or volume of the standard, and express potencies as so many 
units per ml. or per gm. Thus the solution of the international standard for 
diphtheria antitoxin, as issued for use, contains 10 units per ml. If the ratio ol 
equipotent volumes of standard and unknown proves to be 0 025, then the unknown 
contains 10/0-025 = 400 units per ml. 

The refinements of potency comparisons that lead to results exemplified 
in Fig. 242 are not always practised in immunological work. As we noted on 
pave 1131, the dose response to exotoxms is steep, so that the interval between tue 
maximum ineffective dose and the minimum fully effective dose, even w en 
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“i laving several times endeavoured to discover the cause of the pungency of 
pepper upon our tongue, and the rather, because it hath been found, that 
though pepper had layn a whole year in vinegar, yet it .retained still its pun- 
gency, I did put about % of an ounce of whole pepper in water, placing it in 
my study, with this design, that the pepper thereby being rendered soft, I 
might be enabled the better to observe what 1 proposed to myself. This pepper 
having lain about three weeks in the water, to which I had added some snow 
water, the other water being in great part exhaled, I looked upon it the 24th 
of April, 1676 and discern’d in it, to my great wonder, an incredible number 
of little animals, of divers kinds, . . . The 4th sort of creatures, which mored 
through the three former sorts, were incredibly small and so small in my 
eye, that I judge, that if 100 of them lay one by another, they would not equal 
the length of a grain of coarse sand; and according to this estimate, ten 
hundred thousand of them could not equal the dimensions of a grain of such 
sand.” Leeuwenhoek is known to have used only simple lenses, and the 
highest magnification he reached was approximately 300 diameters. Probably 
he did not observe objects as small as bacteria by transmitted light. He kept 
his method of illumination secret; it is not improbable that he used reflected 
light, similar to that used in present day ultramicroscopes. Although his obser- 
vations did not lead to an immediate development of bacteriology, their sig- 
nificance was apparent to many of the scientific men of the day. Slare, in a 
comment on a report 3 on an epidemic among cattle, concludes with the 
remark, “I wish Mr. Leeuwenhoeck had been present at some of the dissec- 
tions of these infected Animals, I am perswaded he would have discovered 
some strange Insect or other in them." 

Nearly a century later, in 1786, the Danish zoologist, O. F. Muller, studied 
these microorganisms and succeeded in discovering many structural details 
of which his predecessors had been ignorant. He depicted several kinds of bac- 
teria so accurately that they can be identified today as belonging to one or 
another of the chief divisions. 

Another unequivocal advance was made by Ehrenberg Cl 795-1 876). His 
principal work upon the "infusion animals” or “Infusionstierchen," as these 
organisms were then termed, was published in 1838 and brought together 
much more definite and detailed information concerning bacteria than had 
been previously secured. The chief merit of Ehrenbcrg’s work lay in the s\s- 
tem that it introduced into the study of microorganisms. He was able to 
establish a number of different groups among the organisms now known as 
bacteria, and recognized clearly the fundamental differences between the 
larger forms, such as the scrcw-shapcd or spirally-twisted organisms, and 
certain of the true protozoa with which they had heretofore been classed. Some 
of the names which Ehrenberg conferred upon his "infusion animals/’ such 
as bacterium and spirillum, arc still current in bacteriological nomenclature, 
although with changed signification. 

3 Phi). Trans. Roy. Soc., 1682, 13 93. An abstract of a letter from Dr. Winder, chief 
ph)sitian of the Prince Palatine, Dat. Doc. 22 1682 to Dr Fred Slare, Fellow' of the 
Rosal Society, containing an account of a Murren in Switzerland, and the method of its 
cure A further confirmation of the abosc mentioned Contagion, of its nature, and manner 
of spreading bs wa> of Postscript from the ingenious Fret! Slare, M D. and F. R. S., Dat. 
March 27, 1683 
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should lead us to overestimate the support that a statistically significant result 
can give to the particular hypothesis the experiment was intended to test. As 
Fisher (1950a) points out, all that a properly designed experiment can test is the 
null hypothesis ; that is, the hypothesis that there is no difference between 
the control and test systems that we are studying. If, for example, the calculated 
odds prove to be 3 to 1 against a chance effect in the defined conditions of a thera- 
peutic test of a fluid A in a fatal bacterial infection, no one could decide, without 
further experiment, whether the effect observed was due to “ chance ” or to A. 
If the odds prove to be 1,000 to 1, we can say that the effect is unlikely to be 
an example of a chance variation of the kind we expect from the materials used 
in the test ; but we cannot say that it was therefore due to the administration 
of a few millilitres of the fluid A. The statistically significant result indicates that 
the test and control groups differ in some important respect and therefore permits 
us to consider the fluid A as a possible cause of that difference ; but the decision 
that A is the cause of the observed reduction in mortality in the test group is 
independent of any statistical demonstration of significance, and in a final analysis 
depends on the experimenter’s knowledge of his particular science and his apprecia- 
tion of the consistency of his ideas of A’s action with the general theory of that 
science. If A was in fact water, the conclusion, no matter how statistically signifi- 
cant the experimental result, that a small quantity of water had cured the infection, 
would rightly be considered as suspect. If A, on the other hand, was a solution 
of a substance known to be antibacterial and non-toxic to the animals used in the 
experiment, then these pieces of scientific knowledge, coupled with the disproof of 
the null hypothesis, would go far towards justifying the conclusion that A was 
capable of curing a particular type of infection. 

The aim, then, of the statistical method in experiments involving the comparison 
of two or more groups of events is to discover the probability that the null hypo- 
thesis is untrue ; and only in those cases where the null hypothesis is disproved 
is there any justification for considering the possibility that an observed effect 
resulted from any of the deliberate variations in the conditions of the experiment. 

The proper design and analysis of quantitative tests is essential for the efficient 
practice of a science. That the record of immunological work in the past contains 
few examples of statistical analysis is no proof that such analysis is unnecessary. 
Sometimes the results of an experiment are so clear cut that any arithmetical 
analysis is unnecessary ; on many other occasions it will be found that the data 
are incapable of supporting the conclusions reached by the investigators. There 
is no doubt that much of value has been learned without any consideration of 
statistical design, but it is justifiable to suppose that the knowledge could often 
have been achieved with a great deal less expenditure of time and materials had 
the experiments been designed more efficiently. ^ . 

The voyager who ignores tidal streams and compass deviations will arrive 
somewhere in the long run ; but he is less likely to identify correctly the place 
at which he has arrived than is another who allows for these variables by he 
accepted methods of elementary navigation. 
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In the two or three decades succeeding Ehrenberg’s work, considerable 
knowledge was amassed concerning the mode of development and physiology 
of bacteria, as well as their position in biological classification, but the labors 
of Dujardin, Perty, Cohn, Nageh and others, although important, are quite 
overshadowed by the work of Louis Pasteur (1822-1895). 

Up to the period of Pasteur’s investigations, the role played by bacteria 
in various familiar natural processes, such as putrefaction, decay and fermenta- 
tion, had been, perhaps, vaguely suspected, but had not received conclusive 
demonstration. Pasteur, originally trained as a chemist, had done his early work 
on stereoisomerism. The formation of optically active amyl alcohol during 
the course of the lactic acid fermentation attracted him to the study of the 



Fig. 1. The first pictorial representation of bacteria Reproduced from Arcana Naturae 
delccta ab Antonio van Leeuwenhoek. Delphis Batavorum apud Henricum Crooncseld. 
1695. 

fermentation processes. The demonstration of the plant-like nature of yeast 
by Caignard-Latour and by Schwann, together with the asymmetric synthesis 
of amyl alcohol, led him to suspect that fermentation was a result of the 
activity of living cells. This view was strongly opposed by the chemists of the 
day, Liebig, Berzelius and Wohler in particular, who regarded the presence 
of dead and dying yeast cells of importance only in that in the course of their 
own molecular disintegration they toppled o\cr and dragged down certain 
complex organic molecules with which they were in contact. Pasteur's re- 
searches led him deeper into the morass of fundamental biology than, perhaps, 
he had anticipated, for, before the essentially biological basis of fermentation 
could be conclusnely demonstrated, the problem of spontaneous generation 
of life from decomposing organic materials promoted itself for solution. 



CHAPTER 44 

THE MECHANISMS OF BACTERIAL INFECTION 

Before we can discuss the mechanisms by which the host resists infection, we 
need as clear a picture as possible of the ways in which the parasite injures the 
host. Some parts of the picture are confused, others sketchy ; but parts of the 
main outline are quite clear and definite, and it is with these that we shall be 
mainly concerned. 

Specific Infection. Koch’s Postu lates 

Although not immediately pertinent to our main problem, a brief discussion 
of the kind of evidence which will justify the conclusion that a particular disease 
is caused by a particular parasite forms a convenient introduction to infective, 
processes in general, and raises points of some importance. 

A number of conditions which must be fulfilled in order to establish such a 
causal relationship arc set out m most bacteriological textbooks under the title 
of “Koch’s Postulates,” though Koch (1891) did not enunciate them in the 
categorical form in which they are usually quoted. They run in general terms as 
follows : 

(1) The organism should be found in all cases of the disease in question, and 
its distribution in the body should be in accordance with the lesions observed. 

(2) The organism should be cultivated outside the body of the host, in pure 
culture, for several generations. 

(3) The organism so isolated should reproduce the disease in other susceptible 
animals. 

To-day we recognize additional criteria of a causal relation between a micro- 
organism and a disease, of which one of the most valuable is the demonstration of 
specific antibodies in abnormally large amounts in the blood of an infected man 
or animal, or an abnormally high degree of specific immunity to the infecting 
agent in a recently recovered animal 

It ia obvious that technical difficulties may prevent us from fulfilling all Koch’s postu- 
lates m every disease. We may be unable to cultivate the causative parasite although we 
can demonstrate its constant presence in the lesions by suitable staining methods ; this 
has hitherto been the case with regard to the bacillus of leprosy. The organism may bo 
so small, and its morphology so doubtful, that we are unable to demonstrate its presence 
in the tissues, or to distinguish it with certainty from other bodies of the same order of 
size. When we cannot cultivate the organism tn vitro, we may, as in the initial studies 
on most virus infections, have to rely on the third postulate alone, and reproduce the disease 
in a suitable animal by the inoculation of filtrates from infected blood or tissue extracts 
that contain no visible or cultivable bacteria. In other cases the third postulate may 
he our stumbling-block. We may be able to relate a characteristic bacterium to the 
1140 
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For a great man y years it had been generally held chat living things, even 
organisms as large and complex as mice, were spontaneously generated during 
the course of the decomposition of organic substances. The experiments of 
the poet physician Rcdi ( 1626-1697), however, indicated definitely that mag- 
gots were not spontaneously formed from decomposing meat but were in fact 
fly larvae hatched from eggs deposited in the meat by flics. Spallanzani, an 
Italian monk, showed further that putrescible meat infusions, when properly 
heated, did not spoil and did not contain living organisms even though kept 
over long periods of time. Needham, an Irish priest, took issue with Spal- 
lanzani on the basis of similar experiments in which spoilage took place and 
living organisms appeared in spite of previous heating. A second scries of elab- 
orate experiments by Spallanzani corroborated his earlier findings and indi- 
cated the fallacies in Needham's experiments. Other experiments by Schulze, 
Schwann, Schroder and von Dusch indicated that no spontaneous generation 
took place but rather that the source of living organisms was the air in which 
they were suspended, a conclusion amply confirmed by the careful experi- 
ments of the Englishman Tyndall. The entire controversy was revived by 
the extended experimental work of Pouchct, which appeared to indicate a 
spontaneous generation of microorganisms in heated organic materials; and 
Pouchct created a great stir in French scientific circles-a stir in which Pasteur 
found himself. 

The point at issue was, obviously, whether spoilage of such infusions took 
place as a result of the presence of microorganisms or whether the appearance 
of living organisms was a result of the decomposition— a general question of 
which the question of the biological basis of fermentation was a special case. 
Pasteur’s extended and careful investigations showed beyond reasonable 
doubt that microorganisms were present in air, the numbers varying with the 
place from which the air came; that putrescible material which had been 
heated sufficiently to destroy all life would keep indefinitely with no evi- 
dences of either decomposition or the presence of living organisms, and, 
finally, that a common source of contamination of such sterilized material 
was air in which living microorganisms were suspended. 

The fact that life came only from life (biogenesis) and was not spon- 
taneously generated from non-living materials (abiogencsis) having been 
established, 4 it was not difficult to prove that fermentations resulted from the 
physiological activities of living, growing microorganisms. Furthermore, the 
specificity of fermentations, the fact that different kinds of fermentations 
were consequences of the activities of different kinds of microorganisms, grew 
out of this work. The transition from studies on fermentation to studies on in- 
fectious disease was not a difficult one to make, for there was a growing aware- 
ness among scientific men of the day of the similarities between the develop- 
ment of disease in an individual and the fermentation of sugar solutions. 

Pasteur was led into a study of the “diseases” of beer and wine, processes 
which he found to be none other than secondary fermentations brought about 
through the activities of extraneous microorganisms, decompositions that 
resulted in the accumulation of end products of an undesirable nature. He 

4 Speaking scientifically. Philosophic speculation is bejond the scope of the present 
volume. 
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There are two distinct stages in the use of experimental animals in the study 
of an infective disease. In the first, as demanded by Koch’s third postulate, we are 
trying to reproduce a particular infection in a form which is clinically or patho- 
logically recognizable as identical with the natural disease. In the second we are 
using our susceptible animal for an intensive study of this infective process. The 
lesions produced in the guinea-pig by the subcutaneous inoculation of cultures or 
filtrates of the diphtheria bacillus bear little resemblance to diphtheria as it appears 
in man ; but almost the whole of our present knowledge of immunity in relation 
to that disease, which has at last placed us in a position to exert effective control, 
has been built up on knowledge gained from experiments on that small laboratory 
animal. 

It should be noted, also, that there is a shifting of emphasis from the clinical 
to the bacteriological side as our knowledge progresses. At the start of our inquiry 
we are presented with a clinical or epidemiological phenomenon, and our task is 
to discover the microbial parasite that is the necessary cause. We may, as in 
the case of diphtheria, or syphilis, or tetanus, find that a single specific parasite 
is responsible ; indeed this is far the most frequent solution if we neglect racial 
variations within the causative microbial species. We may, however, find that 
a disease characterized by one clinical syndrome may be caused by one of several 
distinct species of bacteria. Secondary pneumonia affords one example, bacillary 
dysentery another. Once the connection between a particular parasite and a 
particular disease has been firmly established, the tendency of the bacteriologist 
is to focus his attention on the organism, rather than on the clinical condition 
to which it most frequently gives rise, and to try to build up a picture of the 
reactions between that organism and a susceptible host species in general. Thus 
we should think in terms of pneumococcal infection, rather than in terms of 
pneumonia ; and regard that particular condition merely as one example of the 
reaction between the pneumococcus and the human tissues, including in our 
generalized picture such lesions as middle-ear disease, sinusitis, meningitis, peri- 
tonitis, suppurative arthritis, etc., and keeping constantly in mind the part played 
by bacteramic spread and selective localization. 

It will be convenient, in this and the immediately succeeding chapters, to deal 
exclusively with bacterial infections, since most of our knowledge has been acquired 
in studying infections of this type. In a later chapter we shall discuss how far our 
conceptions have to be modified in the case of infections with the filtrable viruses. 
Protozoal and helminthic infections are beyond the scope of this book ; though 
the methods elaborated by the bacteriologist are proving fruitful iu their applica- 
tion to this wider field. 

Invasion o! the Tissues by Bacteria. 

With very few exceptions, bacteria and other microbial parasites must gain 
access to the host’s tissues and multiply in them before they can produce any 
harmful effect ; and we may for the moment regard the capacity to pass through 
some protective covering layer — most commonly through one of the mucous surfaces 
of the body — and to multiply in the subjacent tissues, as an essential attribute of a 
pathogenic organism. The “ passing through ” must not, of course, be interpreted 
too literally, or as necessarily implying any active motion on the part of the parasite. 
Apart from gross mechanical injuries to the skin and raucous membranes, the 
routes by which micro-organisms and inert particles of non-living matter get into 
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controlled the fermentative process by gentle heating followed by inoculation 
of the fermentable mixture with microorganisms which brought about the 
desired type of decomposition. The heating process has been termed “pasteur- 
ization" in his honor. A further development was a study undertaken at the 
request of the silk growers, of pebrine, a disease of silk worms which was as- 
suming considerable economic importance. Here too a microbic etiology was 
discovered and practical control measures could be and were applied. 

The so-called germ theory of disease had, at this time, permeated more and 
more generally into the scientific thought of the day, largely, perhaps, as a 
result of the strong support it received from Pasteur’s researches on fermenta- 
tion. Lister Cl 827-1912), an English surgeon, was one of the first to grasp 
the significance of Pasteur’s work in relation to human disease, and put the 
new concepts into practical operation with his introduction of the antiseptic 
technique into surgical operations The free use of strong carbolic acid 
brought about a marked decline in surgical mortality, which had been ter- 
rifically high in even the most minor operations. It remained, however, for 
Robert Koch (1843-1910), a German physician, to develop the experimental 
methods necessary to the proof of the causal relation between bacteria and in- 
fectious disease. 

One of the greatest difficulties encountered by the early workers in bac- 
teriology was that of separating bacteria from one another. That morpho- 
logically different types existed was clear, and, further, that organisms exhibit- 
ing the same morphology differed from one another in ability to produce 
disease had been apparent from the early work on pyemia. Perhaps one of the 
greatest single contributions to bacteriology is the method of isolation of bac- 
teria in pure culture developed by Koch. It consisted, essentially, of culture 
on a semisolid medium, a nutrient environment solidified by the addition of 
gelatin or agar-agar—a method so simple and yet so effective that it is used 
practically unchanged today (p- 20). Koch had achieved what he had said 
only a year or two before was “impossible.” 

Although it was almost entirely through the works of Pasteur that bacteria 
and other microorganisms emerged from their relative obscurity as organisms 
of interest chiefly to the professional biologist and took a conspicuous position 
in natural science as a group of organisms whose activities and capabilities 
were full of a far-rcaching significance for all mankind, the contributions of 
Koch and the German school were also of fundamental significance. If any 
one man can be looked upon as the founder of bacteriology, that man is Louis 
Pasteur. Likewise, the infant science owed its firm experimental foundation 
directly to Koch, a foundation without which it could never have become a 
science. 

The isolation of bacteria in pure culture, coupled with the methods of stain- 
ing developed by Koch, Ehrlich, Wiegert and others, so markedly stimulated 
the study of bacteriology that the ensuing decade or two, the eighties and 
nineties, became in truth the first golden age of that science. As the history of 
all science is, in essence, the history of its methodology, so in bacteriology dis- 
covery of the specific etiology of a variety of infectious diseases followed rapidly 
upon Kochs studies of anthrax and his isolation of the anthrax bacillus Koch 
himself isolated and described the tubercle bacillus in 1882 and the cholera 
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the parasite and the resistance of tlie lu>st. A highly virulent strain may in a resistant 
host produce a disease indistinguishable from that due to « strain of Ion virulent c in a 
susceptible host. When we talk of vinilence, either the host and its condition is s[*eeificd, 
or we imply “virulent” in n species of host of average resistance. If we do not, nnv 
comparisons of virulence are meaningless. The same is true of statements about host 
lesistance; n train of parasite is specified, or a parasite of average virulence is implied. 

It may, then, be stated that multiplication of bacterial cells within the tissues 
is one of the essential factors on which infection depends. Some species can produce 
a fatal infection without any wide dissemination within the body : others cause 
death only when such widespread dissemination occurs. A part of the mechanism 
of resistance will clearly he concerned with the hilling and removal of the bacterial 
cells as such. 

Bacterial Localization. 

Apart from the generalized hnctcrrcmic invasion referred to above, most bacteria 
tend to lodge and multiply in tissues remote from their primary lodgment ; and 
certain species, or groups of species, differ sharply from one another in the site 
of such localization. 

The site of the primary lodgment and the direction of the initial spread of 
infection are largely determined hv the portal of entry to the body, und by the 
local anatomy, particularly by the direction of the lymph flow. But the portal 
of entry in its turn is determined by the natural habitat of the parasite, and this 
by its potentialities for life under different environmental conditions. 

Tims, some species of staphylococci are normal inhabitants of the skin. Those 
species, or races, that are potentially pathogenic, may gain access to the underlying 
tissues by the hair follicles, or by the ducts of the sebaceous glands, and cause 
the characteristic pustules or boils. 

Many of the bacteria that lead a parasitic existence in the nasopharynx, and 
arc spread from host to host in droplets, droplet-nuclei and dust, tend in conse- 
quence of a common respiratory portal of entry to show a rough similarity in the 
distribution of the lesions they produce; lmt the similarity is very incomplete, 
and breaks down altogether on a close analysis. Thus, pneumococci, Iiamiolytic 
streptococci, influenza bacilli, diphtheria bacilli and meningococci arc all spread 
m this manner Diphtheria bacilli and hremolytic streptococci both tend to lodge 
and multiply m the tonsils, the former giving rive to the characteristic lesions of 
faucial diphtheria, the latter to tonsillitis Both produce soluble toxins, which 
diffuse widely from the initial lesion But the tendency to invasive spread is much 
greater in the case of the streptococcus than m that of the diphtheria bacillus. 
Pneumococci, lucniolytie streptococci and influenza bacilli may all spread to the 
lungs and cause pneumonic lesions, but they do it in very different v ays. The pneu- 
mococcus fully merits its name by its pre-eminence ns an invader of the pulmonary 
tissue. It is the sole important bacterial agent in the primary pneumonia of 
adolescence and adult life. In the secondary pneumonias associated with such 
infections as measles, whooping cough and influenza, it shares its honours with the 
influenza bacillus nml the luemolytic streptococcus. The meningococcus, although 
it is a nasopharyngeal parasite and spreads by droplet infection, produces its 
characteristic lesions in the meninges Pneumococci, luemolytic streptococci am 
influenza bacilli may also give rise to meningitis ; but whereas tins is the mot a 
reaction of tlie meningococcus when it produces clinically obvious infection, it is 
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vibrio the following year. Other discoveries tumbled in one after another with 
bewildering rapidity. Klebs described the diphtheria bacillus in 1883, and in 
1884 Lofher isolated and studied this organism; Fraenkel discovered the 
pneumococcus in 1886, and the following year Weichselbaum isolated the 
meningococcus; Kitasato cultivated the tetanus bacillus in 1889, and in 1894 
he and Yersin discovered the plague bacillus independently. These and many 
other similar discoveries made clear to the world in a striking fashion the sig- 
nificant implications of the new science. 

Meanwhile, the investigations of the French workers had taken a somewhat 
different turn. Many years before, in 1796, Jenner, an English physician, 
observed that infection of human beings with covvpox, a disease of cattle 
closely resembling smallpox, protected against subsequent infection with 
smallpox. Pasteur, investigating first chicken cholera and later anthrax and 
swine erysipelas, succeeded in demonstrating a basic principle of immunology, 
that inoculation with attenuated microorganisms, those which by some sort 
of treatment had lost their virulence, resulted in the development of an in- 
creased resistance or immunity of the inoculated individual against later 
infection with the same organism. Pasteur’s most striking application of this 
principle was in the development of a prophylactic treatment against rabies— 
an accomplishment with some elements of the dramatic because of the dread 
m which the disease was held. Not long afterward the American workers, 
Salmon and Theobald Smith, discovered that the inoculation of killed bac- 
teria would also stimulate the development of the immune state. The cellular 
theory of immunity propounded by the Russian zoologist, MetchnikofF, was 
soon overshadowed by the discovery of tetanus antitoxin by von Behring and 
Kitasato and, shortly afterward, the discovery of diphtheria antitoxin by von 
Behring, and the precise studies of the humoral antibodies by Bordet and 
others; only in recent years has it come into its own. The utilization of the 
immune phenomena in the diagnosis of disease by Wassermann, Widal and 
others, Paul Ehrlich’s development of his side-chain theory' of immunity and 
his initiation of chemotherapy through the synthesis of salvarsan all con- 
tributed to the expansion and development of bacteriology. The discovery of 
the filterable viruses, apparently living agents too small to be seen with the 
most powerful microscopes, by Iwanowski, Beijcrinck, and Loffler and Frosch 
brought up new problems, many of which are still unsolved today. 

The new science, sired by Pasteur and nurtured by Koch, expanded beyond 
medicine and infectious disease into agriculture and the industrial fields. The 
genius of the Russian worker, Winogradsky, made possible the elucidation 
of the perplexing problems of soil fertility by his isolation of autotrophic bac- 
teria which oxidized ammonia to nitrites and nitrates. The discovery of the 
nitrogen-fixing bacteria living symbiotically with leguminous plants by Hell- 
ricgel and Wilfarth and of the free-living nitrogen-fixing forms by Winograd- 
sky and by Beijcrinck further clarified the puzzles of soil fertility and indicated 
the important functions of the soil bacteria. The discovery of the bacterial 
etiology of pear blight by Burnll and the isolation of bacteria responsible for 
many other diseases of plants have shed new light on old agricultural problems. 
It has also been discovered that other kinds of bacteria impart the character- 
istic flavors or aromas to butter, cheese and other dairy products; and that still 
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oompetcnt histologist could distinguish them without bacteriological assistance. 
The special^ case of tuberculosis is of particular interest, in that a beginning has 
been made in tracing the connection between the various chemical products o°f the 
bacterial cell and the type of tissue reactions to which they give rise (see p. 496), 
Another example is the non-toxic, non-antigenic lipid isolation from Erysipelothrix 
monocytogenes by Stanley (1919), which induces in rabbits the monocytosis that 
characterizes the natural infection by this organism. 

It is not, of course, true that every pathogenic bacterium provokes a distinct 
and characteristic cellular response, or that the pathologist unaided can often arrive 
at an exact bacteriological diagnosis from a histological examination of the infected 
tissue ; but, as Kettle (1927) has pointed out so clearly, there is a broad correlation 
between certain types of lesion and certain groups of bacteria ; and the groups which 
the pathologist would recognize on the basis of the distribution and type of the 
lesions produced are, in many cases at least, those which the bacteriologist would 
recognize as containing closely related bacterial species. 

All this is perhaps obvious and elementary ; but it is of the first importance 
to realize that different pathogenic parasites have different points of attack, and 
different methods of attacking. 

Bacterial Characters Associated with Pathogenicity. 

There is no apparent reason why the mere presence in the tissues, or blood 
stream, of any reasonable number of cells of an order of size expressed in low 
multiples of fi should exert any harmful effect on the host that harbours them. 
No mechanical theory of the pathogenic action of bacteria is compatible with 
our knowledge of the way in which the tissues deal with inert particles which have 
gained access to them. The basis of all harmful effects of bacterial infection is 
quite certainly chemical ; and only when the chemist has replaced the immunologist 
shall we be able to give an intellectually satisfying account of what happens when 
a particular parasite invades a particular host. In the meantime we must do 
what we can with the crude data at our disposal. 

It has long been known that certain bacterial species produce highly poisonous 
substances which give rise to characteristic lesions or symptoms when injected into 
susceptible animals. These arc the bacterial toxins. Besides these obvious toxins, 
less toxic substances are found in the bacterial bodies, and among the soluble 
products of bacterial growth, which act on tissues or tissue constituents and which 
may directly intoxicate the infected host, or play an auxiliary part in promoting 
invasion. 

It is fairly easy to establish the pathogenic role of a frank bacterial toxin, 
especially when it is antigenic. Taking the toxin of CL telani as an example, we 
find that : (a) it is produced by the tetanus bacillus during an infection, because 
the body responds by producing specific antibody ; [b) virulence and toxigenicity 
are associated since virulent strains of Cl tetani produce the toxin, whereas avirulent 
strains do not ; (c) injection of toxin alone mimics the natural disease ; (d) acthc 
immunization with toxin protects against tetanus ; and (c) antitoxin passively 
immunizes against tetanus. 

When the substance produces no characteristic intoxication, or is not toxic 
although suspected of having ail auxiliary role in infection, evidence of the kind 
in (a) and (6) is not conclusive, because the body responds to all bacterial antigens, 
irrespective of their pathogenic role ; and the association of a substance wit t e 
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others determine the success or failure of various industrial processes, such as 
the retting of Bax, the tanning of hides and, perhaps, the curing of tobacco 

Thus, in the space of only a few decades, bacteriology had become a full- 
blown, vigorous young science, fully capable of standing on its own feet— and 
this from Leeuwenhoek’s "little animals” that behaved in such curious ways 

The outstanding success of the practical applications of bacteriology should 
not be allowed to overshadow the fact that it owes its present important place 
among the biological sciences quite as much to its general scientific signifi- 
cance. It has been often pointed out that bacteriology has produced a change 
in man’s conceptions of the world around him so sweeping as almost to desene 
the term "revolutionary.” Up to the middle of the nineteenth century the 
character of many of the most familiar natural processes, such as decay, fer- 
mentation and the like, was entirely misunderstood, contemporary spontaneous 
generation of at least the lower forms of life was the generally accepted belief 
of most scientific men, infectious diseases were not sharply differentiated from 
one another and the most fantastic hypotheses were advanced to explain their 
existence. Although the great mass of material phenomena elsewhere had been 
brought into apparent orderliness and system, here was a region in which the 
unscientific imagination rioted in mystery and extravagance. The penetra- 
tion of this realm of obscurity by the discoveries of bacteriology gave the human 
race for the first time in its history a rational theory of disease, dispelled the 
myths of spontaneous generation, and set the process of decay and kindred 
phenomena in their true relation to the great cycle of living and non-living 
matter. The new conception of the microscopical underworld which bac- 
teriology brought into biological science must be reckoned as a conspicuous 
landmark, and, in so far as it has changed the attitude of man toward the um- 
\crsc, should be regarded as one of the most important triumphs of natural 
science. 

Underlying all the applications of bacteriology arc certain fundamental 
facts and principles concerning the structure, mode of development, and 
general physiologic requirements and capabilities of bacteria themselves. This 
subject matter constitutes the ground work of bacteriology, and is essential 
not only to a proper comprehension of the present practical applications of 
bacteriology, but also to the further dcrelopment of the science. 
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Mdotein ia of the order of 5-25 mgm. for mice-an enormous dose compared with the 
oire ponding figure (see above) of O-0OJ6 /tgm. for botulinum toxin . They are relatively 
stable, withstanding temperatures of 100° C. for over 1 hour. ' ^ 

Finally endotoxins are seldom strongly nntitoxinogeme, though they may stimulate 
a good agglutinin, precipitin or protective antibody response. With some organisms it 
lias proved impossible to prepare anti.cndoto.vic sera. More commonly prolonged im- 
munization of on animal yields an antiserum which is able to neutralize a feu M.L.D. 
of the endotoxin ; but the simple linear relationship between the amount of toxin and 
Antitoxin in a just neutralized mixture that obtains with exotoxim does not hold with 
endotoxins. Often no amount of increase in antitoxin affords protection when the dose 
of endotoxin passes a certain limit. 


Although this broad distinction can be made by comparing typical exotoxins 
with typical endotoxins, not all toxins fall simply into two well-defined groups. 
Thus, the toxin of Cl botulinum is relatively heat-resistant (75°-80° 0. for 10 min ) ; 
.so is the cxotoxin of Sh dysenteric ( Anderson el ah 1945). The <x-toxin of Cl 
wetchii has a relatively large L.D 50, and is relatively heat-resistant (70° C. for 
SO min ). The erythema-producing toxin of the hieniolytic streptococcus — the 
toxin which is responsible for the rash in scarlet fever, and is employed in the Dick 
reaction — is filfcrablc, has a characteristic action on the skin of a susceptible person, 
and is antitoxinogcnic ; but it is relatively non-toxic to laboratory animals. It 
is described both as heat-labile (Stock 1912) and heat-stable (Hottlc and Pappcn- 
heimer 1911), which suggests either two components, or a substance differing in 
properties according to the method of purification (Stock and Vcrney 1952). 
Culture filtrates of Sir pyoyenes also contain thermolabile (55° C. for 30 min.) 
luomolysms and leucocidins which, like the erythrogenic toxin, are toxic only in 
large doses. The lucmolysm kills susceptible rabbits within 24-30 hours with au 
associated hicmoglobmuna and characteristic evidence of intravascular bjemolysn 
at necropsy (M‘Leod and M'Ncc 1913, Channon and JTLeod 1929). 


One implication which has sometimes — though without justification— been attached 
to the term “ exotoxin ” ig very probably misleading. Toxins of this typo have been 
described in words which suggest that they are of the nature of active secretions of the 
bacterial cells. There is little definite evidence that this is bo. Though some exotoxins, 
as that of Cl. welchu', are produced in high concentration during the phase of active bacterial 
growth, others, such as diphtheria, tetanus and Shiga toxins, only attain a high concentra- 
tion in a fluid culture when the phase of active growth has passed, and the majority of 
the bacteria present are dead or dying. How far autolytic processes are necessary for the 
liberation of toxin is uncertain. In Cl. tetant, large amounts of toxin appear to leave the 

- .-'T iStone 1954). Morton and Gonzalez 

. >fa culture of diphtheria bacilli with 

Their results indicated a very much 
higher concentration of toxin in the cells, tnougn me absolute amount of toxin in the fluid 
was the greater. 


Most of the studies on bacterial toxins have been made with crude reagents 
filtrates autolysates or extracts of fluid natures -which quite certainly contain 
m!nr substances other than the toxins. Moreover, it is now clear that a single 
snecies of bacterium may elaborate a number of different exotoxins and e do 
For instance, filtrates of Cl. rrelcta Type B may con am at least Sve 
dXrt exotoxins, and two major endotoxins have been isolated from virulent 

Of Toxins. Several exotoxins have been prepared in a purified 



Chapter 2 


LABORATORY METHODS FOR THE 
STUDY OF BACTERIA 1 


The study of bacteria in the laboratory by the various procedures of isola- 
tion in pure culture, cultivation, microscopic examination, and characteriza- 
tion by biochemical and immunological methods necessarily begins before 
detailed consideration of their nature and properties can be completed. The 
basic laboratory procedures are summarized here in didactic form, and their 
rationale will become apparent later. 

STERILIZATION 

The determination of the character and properties of a given species of bac- 
teria is necessarily based on their study in pure culture, be., their separation 
from other microorganisms Since bacteria and other microorganisms such as 
fungi are ubiquitous, all material coming in direct contact with the bacteria 
under Study must be subject to preliminary sterilization. The sterilizing agent 
most commonly used is heat, dry or moist, but occasionally other methods, 
such as filtration of liquids through bacteria-pioof filters, are desirable. 

Glassware and Instruments. The usual glassware includes flasks, petri dishes, test 
tubes and pjpettes which must, of course, he scrupulously clean. Flasks and tubes are 
plugged with nonabsorbent cotton which prevents entry of bacteria after sterilization, and 
a cotton plug is inserted in the mouth end of the pipettes. Petri dishes and pipettes mav be 
placed in cans with covers or wrapped in paper to maintain sterility. Surgical instruments 
are wrapped in paper or towels, syringes separated and wrapped in paper, hypodermic 
needles placed in plugged test tubes, and other equipment similarly prepared. 

Sterilization is effected in a hot air oven, electric or gas fired. The material to be steruir 
is placed in the ov en without crowding and the temperature raised to 170° to 180® C. an 
maintained for a period of not less than two hours. If appropriate temperature contro 
equipment is not available, a slight browning of the cotton plugs is taken as indicative o 
sterilization, but this is a doubtful procedure. , , r 

In some instances sterilization by heating to dull red in a bunsen flame is exceeding > 
useful as in the flaming of forceps tips, the platinum or njehrome wire needles and l°bl* 
used for transferring bacteria, and the lips of test tubes before and after transfer of bacteria 
culture- , u 

Surgical instruments, hvpodermic needles and syringes, and similar equipment maj 
sterilized with respect to the vegetative forms of bacteria by boiling in water or 1 per cen 
bicarbonate solution for 3 to 5 minutes, but this docs not suffice to destroy the spores 
bacteria and fungi. 

Culture Media mul Other Liquids, Material containing water cannot, of coins , 
sterilized by dry heat, but moist heat is a more effective sterilizing agent in any case. 

- those 

. 1 . . . . ■ Amer- 

1945 . 
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of the difficulties m determining the mode of action of bacterial toxins is the 
separation of the secondary effects due to tissue breakdown from the primary 
effects of direct intoxication by some constituent of the bacterium. The com- 
paratively rapid action of some exotoxins, especially when administered intra- 
venously, suggests that we are dealing with a primary effect. If, however, the 
effect is delayed for a few hours, it is impossible on a priori grounds to distin- 
guish a latent period due to a slow penetration of toxin into, or a slow accumula- 
tion of toxin in, primarily susceptible tissue, from a latent period during which 
secondary toxins are being elaborated in primarily intoxicated tissues. The diffi- 
culty will probably be resolved by precise physiological and biochemical studies 
on the action of pure preparations of bacterial toxins. It must be realized, however, 
that the conspicuous effects that have been obtained in short-period observations 
of animals injected with fairly large doses of toxin may have little direct bearing 
on the relatively slow process of intoxication that occurs in natural bacterial 
infections (Wright 1942). 


To postulate that toxins interfere with some essential metabolic processes in the 
animal tissues is merely another way of saying they are toxic. They may, for example, 
act by poisoning enzymes, rendering substrates insusceptible to enzymes, altering the 
quantity or quality of the products of certain enzyme processes, or by disrupting structures 
or surfaces upon which a balanced interrelation of metabolites depends. Peters and 
Cunningham (1941) could find no change in heart muscle dehydrogenase systems treated 
with diphtheria toxin. The toxin is reported to affect carbohydrate metabolism in rabbits 
by over-secretion of adrenaline ; and in liver tissue of intoxicated rabbits the storage of 
glycogen and synthesis of carbohydrate is diminished (sec Cross and Holmes 1937). 

Another approach to the problem was made by Pappenheimcr. Starting from the 
observation that in artificial culture the concentration of iron for optimal toxin and por- 
phyrin formation is low, and that with more iron the respiratory enzyme cytochrome b 
was formed instead (Pappenheimcr and Hendee 1947, 1949), he postulated that the toxin 
was the protein part of cytochrome b and as such might interfere with oxidase systems 
in mammalian cells that depend on iron enzymes. In vitro tests of this ftypot/iesis proved 
inconclusive. But in the Cecropia silk worm, which is susceptible to the toxin in the 
larval and imago stage, metamorphosis to the pupal stage is accompanied by a 70-fold 
increase in resistance. Both larva and imago have high succinoxidase activity, which 
is dependent on cytochrome enzymes , but in the pupa tin's is apparently confined to the 
intersegmental muscles ; and only these muscles are paralysed in pupae given toxin. More- 
over, development of the pupa into imago is inhibited by small doses of toxin (Pappen- 
heimer and Williams 1952). In the silkworm, at least, it appears that diphtheria toxin 
acts by blocking the synthesis of components of the cytochrome system. Conclusive 
evidence of a similar action in mammals is still lacking. 

The mode of action of Sh. dysenterise toxin is not known ; but Penner and Klein (1952) 
record experiments indicating a direct action on the brain. They crossed the circulation 
of pairs of dogs, so that the systemic circulation of one supplied the cerebral circulation 
of the other, and «ce versa. The absorption of toxin into the systemic circulation of one 
d or , produced no intoxication in that animal ; signs of general intoxication, on the other 
hand, appeared in the other animal, whose brain alone had been exposed to the toxin- 


containing blood of the first. ... r 

In order to explain the extraordinary potency ofexotoxins in terms of the small number 
of molecules required to kill, it is suggested that they may act by preventing enzyme 
synthesis (see Fappenheimer 1948). One exotoxin, however,— the a-toxm of Cl. u'elchn 
-is almost certainly enzymic. Filtrates of Cl tcelchii cultures, for example, will mlarge 
doses inhibit the aerobic oxidation of succinate by guinea-pig tissue (\V oo rige an iggm 
bottom 1938) and have varied actions in the whole animal, ranging from irec ac ion 



Sterilization 


9 

Intermittent Sterilization. As indicated above, boding water does not provide a high 
enough temperature to bring about complete sterilization Certain kinds of liquid culture 
media, however, are affected unfavorably by moist heat at higher temperatures, and these 
may be sterilized by intermittent sterilization. This is based on the assumption that the 
vegetative cells of microorganisms are destroyed at 100° C in the presence of water, and 
that the surviving spores will germinate and these vegetative cells will be destroyed in turn 
by exposure to 100° C. In practice the material to be so sterilized is exposed to free flowing 
steam in an Arnold sterilizer for 30 minutes, removed and incubated until the next day 
and the steaming repeated, and a third incubation and steaming is included as a safety 
factor so to speak. The method is not too successful m that spores not infrequently show 
a delayed germination, and spores of obligate anaerobic bacteria may not germinate. 
Sterilization by the intermittent method is, however, seldom required. 

Aufocliive Sterilization. The most efficient method of sterilization is that effected by 
steam at temperatures above 100° C. which may be produced when the steam is under 
pressure. The devices employed in the use of steam under pressure include the common 
pressure cooker, autoclaves of various designs and dressing sterilizers, which are autoclaves 
i . i* i —a—.. r-v .v..v — l __j c. 


too tightly in the autoclave. The temperature is raised to 120° C. and maintained for a 
period of time depending on the material to be sterilized. As short a time as 15 minutes 


Sterilization by Filtration. It is often desirable to sterilize solutions such as bacterial 
cultures in liquid media, solutions of substances relatively unstable to beat such as certain 
sugars and the like, without subjecting them to heat at sterilizing temperatures. These 
may be sterilized by filtration through filters of such fine porosity that bacteria are Held 
back. The method of sterilization by filtration is particularly useful in obtaining soluble 
bacterial products such as toxins 

Several kinds of bacteria proof filters are available. The Berkefeld filters are made of 


is made in graded porosities, Ll, L2, L3, etc., and of these the L3 is roughly equivalent to 
the Berkefeld N The Seitz or Scitz-Werke filter is made of metal and the filtering ele- 
ment is an asbestos pad which is the equivalent of the Berkefeld N filter. Sintered glass 
filters are available in a variety of porosities which m the pyrex filters are designated C 
(coarse), M (medium), F (fine) and UF (ultrafine). The UF filter is bacteria proof 
while the others arc not. 

Filtration is accomplished by a pressure differential which ma\ be obtained by positive 
pressure on the liquid to be filtered, or negative pressure on the filtrate, and usually a 

. the 

‘ • of 

. pro- 

't filter is used 


PREPARATION OF CULTURE MEDIA 
The nutritive requirements of bacteria vary grcatlv. some will prow readilv 
in the so-called svnthctic media containing inorganic salts, including an am- 
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It is possible that adrenal stimulation and damage may play some part in the pro- 
duction of these effects (see Evans and Zeckwer 1927, Olitzki, Avincry and Koch 1942). 
In Sk. dysenteries Ohtzki and his colleagues (Olitzki, Leibomtz and Berman 1937, Olitzki 
and Avinery 1937) distinguish a toxic fraction and separate fractions producing leucopamia, 
glycaemia and hypothermia respectively. It is not certain how far their fractions were 
made up of complete endotoxin, and of breakdown products therefrom. 

Other Active Constituents or Products ol Bacteria. 

We have already noted certain specific or non-specific biological characteristics 
of toxins ; and many others, like the hemolysins and leucocidins of Staph, aureus, 
could be instanced. In this section we are concerned with bacterial products 
that are not particularly toxic in themselves, but act upon animal tissues and 
fluids, or upon substrates known to occur in animal tissues, in such a way as to 
suggest that they may influence the course of a bacterial infection. As with the 
toxins, the proof of their auxiliary powers in infection depends ultimately on 
demonstrating their activity m the natural infection, cither directly, or indirectly, 
by the protective action of antibodies and other specific inhibitors of the sub- 
stance in question In this group of bacterial substances particularly, it is to 
be emphasized that the mere association of a biochemical property and patho- 
genicity, either in a bacterial species or in the more virulent strains of a pathogenic 
species, is not by itself evidence that the property is concerned in infection by the 
species. As wo have seen in the chapter on variation, latent activities of bacteria 
can be made manifest by the provision of suitable substrates, and though a virulent 
bacterium may exhibit an activity because a suitable substrate is present in the 
tissues of its host, it does not necessarily follow that the virulence depends on the 
capacity to attack the particular substrate ; the capacity may in this respect be 
purely accidental 

Coagulase.— Among the staphylococci, the more pathogenic Staph, aureus produces a 
coagulase that accelerates the clotting of human and rabbit plasma (Much 1908, Gross 
1931«, b, Gengou 1933, Chapman et at. 1934). Since the formation of fibrin clots is a 
striking feature of Staph, aureus lesions in man and animals, it is natural to relate the two 
features. Nevertheless, Iklenltin and IVnlston (1935) could find no evidence that stapliy- 
Iocoagulase was concerned in the production of the staphylococcal lesions. 

Susceptibility of plasma to coagulase varies with the species (sec also Gerlieim and 
Ferguson 1949). Guinea-pig plasma, for example, is usually not affected. Smith and 
Hale (1944) found that susceptibility depended on an activator m plasma; and that 
activator from susceptible human or rabbit sera made guinea-pig plasma susceptible. 
Although its identity is not fully established, the activator resembles prothrombin in many 
respects (see Tagcr and Hales 1948n, Duthic and Lorenz 1952). 

The auxiliary role of coagulase is based on the association of coagulase a-toxin pro- 
duction in clinically infecting strains of Staph, aureus, (see Sehwabacher et at. 1945); the 
association of species insusceptibility to staphylococcal infection, ns in fowls, rats and 
mice, with insusceptibility to coagulase (Hale and Smith 1945) ; the fact that coagulase- 
production confers resistance to phagocytosis on strains of Staph, aureus tested in the 
presence of a coagulable plasma (Hale and Smith 1945) ; and the increase in virulence of 
coagulase-producing Staph, aureus for mice, when injected with a coagulable plasma from 
another species (Smith et al. 1947). Coagulase is antigenic (Tager and Hales 19485), and 
antibody to it occurs in the serum of patients with chronic staphylcoccal infections (Duthie 
and Lorenz 1952). Finally, according to Duthie (personal communication), there are two 
coagulase factors, one bound to the cell, the other free. The bound faetor is liberate ^ 
on auto lysis of the cell, acts directly on a susceptible fibrinogen, and is neutralized } 
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Laboratory Methods for the Study of Bacteria 

moniura salt, together with a simple organic compound such as glucose or 
asparagin as a source of carbon and energy. In general, bacteriological media 
have been developed on a trial and error basis about a basic nutrient medium 
containing peptone and the water-soluble material, largely extractives, of 
muscle tissue The source of the latter may be commercial preparations of 
meat extract but a somewhat better medium is obtained if these substances 
are extracted from fresh meat, beef or veal for the most part. 

The basal nutrient solution may be modified in a variety of ways. Thus, 
it may be solidified by the addition of gelatin or agar, or enriched with scrum, 
ascitic fluid, defibnnated blood and the like to support the growth of the 
more fastidious bacteria. Various sugars may be added, together with an acid- 
base indicator, for the determination of the fermentative properties of bacteria; 
nitrate or tryptophane may be added to test for ability to reduce nitrate to 
nitrite, form mdol from tryptophane, etc. Or culture media may be prepared 
which are differential and accentuate physiological differences, and specific 
inhibitory agents may be added to give selective media which allow the growth 
of some kinds of bacteria and suppress that of others. These various charac- 
teristics may be combined, of course, as in the case of an enriched medium 
which is both selective and inhibitory. In consequence, there is a great variety 
of bacteriological culture media, but they are in large part interrelated modi- 
fications of a basal nutrient solution. The constituents and method of prepara- 
tion of a few of the commonly used culture media may be reviewed here. 
Basal Media 

Meat Extract Broth and Agar. The medium usually has (he following composition! 

meat extract ... . . . 3 gm. 

peptone 5 gm. 

(NaCl 5 pm.) 

(agar 15 gm.) 

distilled water 1000 ml. 

It is necessary to include the sodium chloride if the medium is to be used for serological 
work or enriched with blood, and the agar is omitted if a liquid medium is desired The 
ingredients are dissolved in water. Agar has the property of not dissolving or of its gels 

. « ' * • 1 1 ’• 1 ■ ’ 1 . 1 ■ 1 -he temperature 

: 1 heat it in the 

. . . y acid and the 

reaction is adjusted to pH 7 by the addition of alkali. 

Meat Infusion Broth and Agar. The infusion media difFer from the extract media m 
that the extractives are obtained by infusion of fresh meat, but otherwise the composition is 
the same, viz. 

extract of 400 to 600 gm. fresh lean beef or veal 


peptone 5 gm. 

(NaCl 5 gm.) 

(agar 15 gm.) 

distilled water to 1000 ml 


The meat is ground in a meat chopper, suspended in 1 liter of distilled water, and mfuse 
overnight in the refrigerator. The following morning the fat is skimmed on 
sorbent cotton and the infusion squeezed through muslin and made up to J000 mil m 
other ingredients are added, the reaction adjusted to pH 7, the solution heated to lw 
for about 20 minutes, regardless of whether agar is used, filtered through coarse paper 
and made up to 1000 ml. The heating is for the purpose of coagulating the tissue protein 
dissolved during infusion so that they can be removed by filtration. 
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been found in members of (be Bacterium, Pcukurdla, Rickettsia, Bacillus, Brucella, Vibrio 
I/amcjihilus or Nassma growls (see also Unger and Bacliarach 1M2). 

The identity of certain mammalian and bacterial diffusing factors ivitli Hie enzyme 
liyaiuronidasc tins first suggested by Chain and Duthir (1040). The parallelism is 'not 
complete (Hobby ef »U#41. Meyer ti ni. 1941), but it is clear that moat bacterial spreading 
factors owe their artivity to ono or more enzymes catalysing different stages in the break. 
down of polymers of hyaluronic acid (McClean 1041, McClean and Hale 1041, Rogers 1043 
194G, 1048, Humphrey 1946). The intercellular ground substance of mesodermal tissue 
contains hyaluronic acid In a viscous polymerized form, and it appears that the enzyme 
hydrolyses the viscous polymer and thus permits the ready diffusion of fluid through the 
intercellular spaces. 

It is evident that the addition of liyaiuronidasc to the inoculum enhances the virulence 
of the contained organisms in certain experimental infections. In others, it lias no effect, 
or decreases their virulence. As we have already noted, a decrease in virulence is explic- 
able on the grounds that the inoculum is dispersed. Its efficacy also depends on the 
pressure engendered at the site of inoculation when the injection is made (Hechter 1947). 
Given, for example, in the allantoic sac of the chicle embryo, liyaiuronidasc docs not affect 
influenza viral infections (see Fustier 1931, Henneberg and Ortmann 1D51). In natural 
infections, therefore, we might expect a bacterial liyaiuronidasc to promote the spread of 
infection in erdematous lesions where the exudate is under increased pressure, provided 
that the spread of the invader took place into susceptible and not into resistant tissue. 
McClean and his colleagues (1943) detected large amounts of hyaluronidaso in well* 
established focal lesions by Cl. uelchii, Cl. septicum and certain strains of Cl. admatien*, 
and it is reasonable to postulate that in such circumstances the spread of the hyaluronidase- 
producing organisms would be facilitated by the enzyme. Hut it may bo argued that, 
in the very early stages of a natural infection when the growing bacterium is present in 
small numbers, hyaluromdasc, by promoting a rapid dispersal of the bacteria through 
healthy tissues, would expose invading organisms more thoroughly to the lothal action of 
the tissues (see, e.g., Dalgaard-Miklrelsen el al. 1050). 

The production of hyaluronidase, like that of coagulase and fibrinolysin, is associated 
with virulent species of bacteria, and to some extent with the virulent strains within a 
species. The association between invasivcncss and liyaiuronidasc production is by no 
means complete. Thus some highly invasive Btrains of Cl. urlehii produce none (Evans 
19436) ; and the same is true of certain types of Sir. pyogenes obtained from severe human 
infections (Crowley 1944) and of streptococci that prove pathogenic for chick embryos 
and laboratory animals (Russell and Sherw ood 1949, Sherw ood el al. 1952). Some Group A 
streptococci, which depend in part upon the presence of a mucoid capsule containing hyalu- 
ronic acid, also Becreto hyaluronidase (Pike 1948). That they may thereby decrease their 
own virulence is evident from the protective and curative effect of hyaluronidase in ex- 
perimental infection by streptococci possessing hyaluronatc capsules (Kass and Seastone 
1944, Rothbard 1948). Bacteria like BrtiftHo meliiensis and tularensis and Pasleurella 
ivtifnlt n ro iiirhlv invasive in the accepted sense of the word, produce no hyaluronidase, 

• ■ '*—-«• Staph. 

; ■ ■ and the 

tubercle bacillus (Borgqvist and Packnlen 1U4BJ— nil euro. . -°mdase. 

Humphrey (1944) found no relation between in vitro byaluromdase podMttoby pne- 
mococci and the severity of the human infection they caused, thoughm 20 strains Gram- 
bacb and Kradbolfer (1045) related high productivity with rate of spread of the lung 
lesions, ns measured by X-rays. Thompson (1948) found the anti.hy«ioronite re.ponso 
in pneumonia to be directly related to the seventy of the disease. Tlus.ugge.t.eon 
siderable m vivo production ; but the high productivity may have been merely the result, 
and not the cause, of extensive bacterial proliferation. 

From the foregoing evidence we see that the auxiliary pathogenic to e o J 
in natural infection is largely conjectural. A more convincing proof might be obtameu 
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Media for Biochemical Tests 

Media for Biochemical Tests 

Sugar Broths. The sugar broths are meat extract or meat infusion broth to which the 
required carbohydrate has been added to a concentration of 1 per cent. Unless the car- 
bohydrate is stable to autoclave sterilization, it must be sterilized separately by filtration 
in concentrated solution and added aseptically to the sterile broth. It is customary to add 
an acid base indicator dje, bromthvmol blue or bromcresol purple, and the medium may 
be dispensed in culture tubes containing an inverted vial that fills during sterilization and 
serves to collect gas evolved in the fermentation of the sugar. 

Nitrate Broth. To test for ability to reduce nitrate, bacteria are cultured in nitrate broth, 
infusion or extract broth containing 0 1 per cent KNO 3 The culture is tested for the 
presence of nitrite with sulfamlic acid and a-naphthylamine reagents. 

ml '• 
par 

by filtration through absorbent cotton. 

To test for nitrite add 2 ml. of each of the two reagents to 3 to 5 ml of culture, the 
development of a rose color, the nitroso reaction, indicates the presence of nitrite. 

Tryptophane Broth. The test for the production of indol from tryptophane can often be 

.1 ' l . . , . . v , ’d !■ 

. ■ • 1 1 • * • • . ! ‘ !l ■ . * I I 

tryptone contains adequate amounts of the amino acid 

The presence of indol is tested for after 2 to 4 days’ incubation of the culture by layering 
a small amount of Ehrlich’s reagent on the surface of the culture, the development of a red 
color at the interface indicates the presence of indol. If a color does not appear within 1 
minute, add a small amount, equal to that of the Ehilich reagent, of saturated aqueous 
solution of potassium persulfate. 

Ehrlich’s reagent consists of 4 gm of p-dimcthylaminobcnzaldchyde dissolved in a 
mixture of 380 ml. of ethyl alcohol and 80 ml. of concentrated hydrochloric acid. 

Lead Acetate Ae,ar. This medium is meat extract or meat infusion agar containing 0 05 
per cent basic lead acetate and dispensed in culture tubes without slanting It is usually 
prepared by mixing equal amounts of stenle double strength basal medium, 1 e., containing 
double amounts of the ingredients, and stenle 0.1 per cent aqueous solution of basic lead 
acetate. 

The medium is inoculated by stab and the production of hydrogen sulfide from the 
sulfur-containing ammo acids of the peptone is indicated as a blackening or browning 
of the medium 

Meat Extract and Meat Infusion Gelatin These media arc the basal media solidified 


by chilling. Gelatin liquefaction sometimes occurs slowly and cultures should be retained 
for not less than two weeks unless posit we earlier. 

Milk. Milk is an adequate culture medium for many bacteria without modification 
other than the addition of an indicator, bromcresol purple or litmus in an amount of 5 ml. 
of a 0.25 per cent alcoholic solution per liter. Fresh skim milk may be used, but skim milk 
powder is usually more comcnicnt. One liter of medium is made from 150 gm. of milk 
powder, first rubbed up in a mortar and then diluted to volume. Medium prepared from 
powdered milk mas be autoclaved, but that from fresh milk is best sterilized bv the 
intermittent method 

Because of its protein and carbohvdratc content milk cultures undergo a vanetv of 
biochemical changes, viz.- 

(1) The development of an alkaline reaction, usually after 3 to 4 da>s’ incubation. 
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act as a powerful stimulus. In some cases the vigorous response evoked is injurious 
to the host, so that a bacterial product which possesses little or no toxicity for a 
normal animal may be highly toxic for an animal which has become sensitized by 
infection. The well-known tuberculin reaction in the guinea-pig is a case in point. 

Some Illustrative Examples. 

We have described above the various bacterial factors which, so far as we know 
at the moment, are certainly, probably, or possibly concerned in the pathogenesis 
of infective diseases. 

A few illustrative examples may serve to emphasize the more important points. 

Botulism may be placed at one end of the scale, as an example of a pure toxtomia. 
It is not a true infection, but is closely analogous to the effects that may follow the 
consumption of such vegetable poisons as those produced by certain fungi or plants. 
There is no certain evidence that CL botulinum ever invades the tissues, or multiplies 
in them. Man is affected by eating food in which the organism has grown and 
produced its toxin. 

Tetanus is one step removed, in that the bacillus must gain access to the tissues 
and multiply in them in order to produce its toxic effects ; but its invasive powers 
are very slight. It usually gains access to the body as the result of some mechanical 
injury, and the local multiplication of the organism is often assisted by gross 
injury to the tissues, by the injurious effects of some associated infection, or by 
the presence of some chemical agent which damages the local defensive tissues. 

Diphtheria takes us a little further along the scale. The bacillus is capable of 
implanting itself in the faucial region, and of spreading from host to host, by ordinary 
droplet infection or in similar ways. It has relatively slight but quite definite 
invasive powers. It causes a characteristic local lesion, and may occasionally in- 
vade other tissues and organs. Its lethal effect, however, depends almost entirely 
on its activity as a toxin producer. 

The haemolytic streptococcus combines the activities of a typically toxigenic 
organism with those of the highly invasive group of bacteria. It produces a re- 
latively heat-stable toxin, with a characteristic action on the skin, which i3 the cause 
of the typical toxic rash in scarlet fever; but it also invades the tissues freely. 
Indeed, highly virulent strains of the organism are among the most rapid and 
vigorous tissue-invaders with which we are acquainted in human pathology. In 
relation to this tissue invasion it is probable that the lcucocidin. and perhaps the 
hremolysin, fibrmolysm and hyaluromdase produced by pathogenic streptococci 
play a significant part. _ . . 

As we move along the scale we meet a variety of organisms whose pathogenicity 
seems to depend entirely on their power of spread and multiplication in the tissues, 
and whose more important effects seem to be localized to the areas in which such 
multiplication occurs. These differ among themselves in selective localization, and 
in the tissue reactions to which they give rise. Thus, staphylococci most common y 
cause localized suppurative lesions, with a varying degree of lymphatic spread, which 
may sometimes be rapid and extensive. More rarely they give rise to a generalized 
infection of the pyromic type, in which the cocci are carried from the original focus 
of infection in detached fragments of an infected thrombus. Here again, leucocidin 
coagulasc, and perhaps hsemolysin, fibrmolysm and hyaluromdase, may p a) a par 
in determining the type of lesion in any particular case. 

Finally, there are organisms, such as the tubercle bacillus, the leprosy aci us 
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been most extensively studied in Gram-negative bacteria, where they appear to 
confer on the cell the main serological properties of the virulent S forms. 

(6) There are other substances in bacterial cells which are not in themselves toxic, 
but whose nature the capacity to induce or inhibit the coagulation of plasma 
or lymph, to dissolve a fibrin clot, or to increase the local intercellular permeability 
of tissues— suggests that they may influence the course of the infective process ; 
and it is possible that other enzymes concerned in bacterial metabolism may have 
a like influence in infection by alteration of the metabolism of the tissues. 

(7) The pathogenic role of these auxiliary factors, and even of endotoxins that 
have no specific effect on the host’s tissues, is often difficult to establish. In doing 
so, it is necessary in the first place to define the stage and circumstances of the 
natural infection in which the presumed auxiliary factor is effective and, if possible, 
to demonstrate the effect in these circumstances. The association of the factor 
with virulent strains of an organism, and the antibody response to the factor in 
the infected host, are of limited value as evidence. When the factor is antigenic, 
the most convincing evidence of its participation is a curative or protective effect 
of antibody specific for the factor. 

(8) As the result of infection the tissues of the host may become hypersensitive 
to the infecting bacteria or to their products. Hypersensitivity reactions may be 
responsible for some of the characteristic phenomena of infective disease. 
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Differential and Selective Media 13 

heart infusion . . . 750 ml 

brain suspension 250 ml 

sodium citrate ... ....... 1 gm 

dextrose .... 10 gm. 

peptone .... 10 gm. 

dibasic sodium phosphate ... 2 gm 

sodium chloride . . 4 gm 


The heart infusion is prepared in the same manner as muscle tissue infusion described 
earlier The brain suspension is prepared by maceration of 500 gm of fresh brain in water, 
straining through a metal strainer and heating slowly to boiling with constant stirring The 
heating coagulates the brain tissue and leaves it in a state of fine suspension, it must not 
be filtered The other ingredients are added to the mixture of heart infusion and brain 
suspension, the pH is adjusted to 7.4, the mixture is dispensed in 50 ml amounts in 100 
ml flasks (to leave room for an inoculum of 10 to 20 ml of patient’s blood) and sterilized 
by autoclaving Cultures m this medium are essentially enrichment cultures and should be 
subcultured on appropriate agar media such as blood agar for streptococci and staphylococci, 
liver infusion agar for Brucella, etc 

Dorset’s Egg Medium This medium is used for the cult nation of the tubercle bacillus 
and consists of 4 fresh eggs and 25 ml of 0 85 per cent sodium chloride solution. The eggs 
are scrubbed with a brush m soap and water, rinsed, dried, put into a wire basket and 
dipped into 95 per cent alcohol, drained and the remaining alcohol ignited. They are 
then broken using aseptic technique and the whites and yolks placed in a sterile container. 
Twenty five ml of sterile salt solution is added, the whole mixed well with a sterile egg 
beater, dispensed in culture tubes and slanted, and sterilized by the intermittent method 
described for Lofller’s medium 

Differential and Selective Media. The various differential and selective media have 
been designed to facilitate the isolation of one kind of bacteria in the presence of many 
other kinds, by accentuating physiological differences and/or inhibiting the growth of the 


fermenting bacteria are yellow while those of the non fermenters are blue. Of the 
selective agents bacteriostatic dyes are often u<ed, and others include bile, tellurite, etc. 

Eu Jo's Medium Tins medium consists of meat extract agar to which lias been added 
lactose and Sclnff's reagent, basic fuchsm decolorized with sulfite. When the lactose is 
fermented aldehyde intermediates restore the color to the fuchsm and colonies of lactose 
fermenting bacteria are red vv bile those of the non lactose fermenters arc white The com 
position of the medium is 

hot melted extract agar 1000 ml. 

sodium carbonate, 10% aqueous 10 ml 

lactose . 10 gm 

sodium bisulfite, 10% aqueous 10 ml. 

basic fuchsm, 3% alcoholic ... 10 ml. 

The pi I of the medium is raised by the carbonate and should be 7.6 to 8 0. 

Eosm-Mcfhjleiic Blue Arot. Tins medium is sterile meat extract agar to which is added 
5 ml. of a 10 per cent solution of lactose, 2 ml. of 2 per cent aqueous eosin and 2 ml of 
0 5 per cent aqueous methvlene blue. These solutions are added ascptically to the melted 
and cooled medium and the mixture is dispensed m sterile petri dishes. 

Desoxicliolate Citrule Medium. This medium is differential in that u contains lactose 
and neutral red as an indicator, and selective in th it it contains bile salt, and is one of the 
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been most extensively studied in Gram-negative bacteria, where they appear to 
confer on the cell the main serological properties of the virulent S forms. 

(6) There are other substances in bacterial cells which are not in themselves toxic, 
but whose nature— the capacity to induce or inhibit the coagulation of plasma 
or lymph, to dissolve a fibrin clot, or to increase the local intercellular permeability 
of tissues — suggests that they may influence the course of the infective process ; 
and it is possible that other enzymes concerned in bacterial metabolism may have 
a like influence in infection by alteration of the metabolism of the tissues. 

(7) The pathogenic role of these auxiliary factors, and even of endotoxins that 
have no specific effect on the host’s tissues, is often difficult to establish. In doing 
so, it is necessary in the first place to define the stage and circumstances of the 
natural infection in which the presumed auxiliary factor is effective and, if possible, 
to demonstrate the effect in these circumstances. The association of the factor 
with virulent strains of an organism, and the antibody response to the factor in 
the infected host, are of limited value as evidence. When the factor is antigenic, 
the most convincing evidence of its participation is a curative or protective effect 
of antibody specific for the factor. 

(8) As the result of infection the tissues of the host may become hypersensitive 
to the infecting bacteria or to their products. Hypersensitivity reactions may be 
responsible for some of the characteristic phenomena of infective disease. 
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Microscopic Examination 

The peptone and bile salts are dissolved in water and calcium carbonate added, and 
autoclaved The sodium thiosulfate and brilliant green are added to the sterilized medium 
and it is dispensed in tubes or small flasks. Just prior to inoculation add the iodine solution 
in the proportion of 2.5 ml per 100 mi. 

Selenite F Broth . This medium contains selentte as an inhibitory agent and its composi- 
tion is: 


sodium hydrogen selenite 4 gm. 

peptone . . . . 5 gm. 

lactose . . . 4 gm 

sodium phosphates (anhydrous) 10 gm. 

distilled water . 1000 ml. 


It is necessary to determine the proportions of acid and basic phosphates which will give a 
final reaction of pH 7.0 to 7.1 with the peptone and the lot or brand of selenite used. The 
ingredients are dissolved m warm water, and then brought to a boil and dispensed. The 
medium is not autoclased 


ml. of infusion base. It is used for culture of diphtheria bacilli. 

Petragnatu's Medium This is a medium used for culture of tubercle bacilli and contains 
malachite green to inhibit the growth of gram positive bacteria and molds Its composition 
is 

milk 900 ml. 

potato flour . . . 36 gm. 

peptone 6 gm. 

pieces of potato, size of an egg . . . . .6 

eggs . . 24 

egg yolks . . 6 

glycerin . . . . 72 ml. 

malachite green, 2% aqueous . . 60 ml 

The potatoes arc cut into thin slices, the milk, potato flour and peptone added, and the 
whole cooked in a double boder for 2 hours with stirring The eggs and egg yolks are 
broken together, the glycerin and malachite green added, and the mixture shaken well. The 
milk potato mixture is cooled to 50“ C , the egg glycerin-d>c mixture added and mixed welt, 
and the whole is filtered through gauze, dispensed into tubes, slanted and sterdized by the 
intermittent method described for Lufflcr’s medium. 

MICROSCOPIC EXAMINATION OT BACTERIA 

The direct observation of bacteria is an essential part of their study. Charac-t 
tcristics such as the shape and grouping of the cells, the presence or absence of! ^ 
Structures such as capsules, flagella and spores, the reaction to differential 1 
Mams, and the like arc of considerable differential significance. 

Mol i lily. Some bacteria are motile bv virtue of organs of locomotion, 
flagella, ’ ’ * ' - ' to the cell Motihtv can 

be obsc 1 the living bacteria are 

mounteci in a mjuiu uu a emu sup mvciicu over a hollow ground or 

depression slide Motility is to be differentiated from brownian moxement, 
the latter is a dancing irregular moxement, while motile bacteria moxc across 
and in and out of the microscopic field, and the moxement may be surpris- 
ingly rapid. 
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were dead within 30 minutes. On the palmar surface of the clean hand Bad . coli, Salrn 
typhi and Salm. enteritidis could not be detected after 10 minutes, though in certain regions' 
under the naihtip and along the lateral margins of the finger nails, the bacteria persisted 
longer. There was a rapid initial reduction of Staph. aureus on the palmar surface of the 
hand, but small numbers persisted for long periods. The skin of dirty hands had less 
self-sterihzing power, the reduction of Salm. enteritidis being 5 per cent, in 20 minutes ; 
after washing the reduction was 100 per cent, in 20 minutes. Fifteen minutes after the 
death of tho skin, most of the bactericidal action for Bad. coli had disappeared. 

It should bo noted that not only may bacteria be killed, but viruses may bo inactivated 
on skin. Influenza virus, for example, in one series of experiments, could not be detected 
10 minutes after application to the human skin (U.S. Navy Medical Bulletin 1943) ; 
though in another senes (Parker and MacNeal 1044) suspensions of virus in tho allantoic 
fluid of the chick survived 45 to 60 minutes on the Bkin of the hand. 

Arnold and his colleagues attach considerable importance to tho effect on bacteria 
of tho pH of the skin, which is usually acid (5 8-5 2, sco Schade and Marchionini 1928). 
Marchionini and others (1938), using a skin electrode, found tho greater part of the skin 
surface was acid, tho pH in somo spots being as low as G or even 3. There were alkaline 
areas in the axilla* and groins, between the toes and on parts of tho foot, which they 
regarded as gaps in tho “ acid coat " that constitutes a defence against infection of tho skin. 
The flora of skin was scantier in the acid areas and, in these, applied Ghromobaderium pro- 
digiosum disappeared moro rapidly than in the alkaline areas. After induced sweating 
the skin increased in acidity, and was more bactericidal. Bcrgcim and Cornbleet (1943) 
attribute the acidity to tho lactic acid excreted in sweat, and to tho volatile acids formed 
from it by bacterial action. Tho former is active in regions where the pH of the skin 
is 5-3 or less ; at a higher pH, it dissociates and loses much of its bactericidal power. 
Tho latter are active at a pH of 6-3 to 6 2, and will consequently bo effective in tho 
more alkaline areas of tho Bkin. 

The readiness with which Sir. pyogenes is killed on the skin has been partly elucidated 
by Burtenshaw (1938, 1942) (seo also Williams el al. 1943) who extracted, from normal 
living or dead skin, substances resembling long-chain fatty acids and soaps that were 
markedly bactericidal for Sir. pyogenes, but not for Staph, aureus. 

Hcllat (1948) largely discounts Arnold’s hypotheses. Ho found rapid death on the 
skin of Pr. vulgaris and Bad. coli ; death within a day of Ps. pyocyanca and Chr. prodigi • 
osum and within a fen daj-s of haemolytic streptococci ; and prolonged survival of Staph, 
aureus and enterococci. For most of his bacteria, desiccation vas a sufficient explanation. 
The survival of Staph, aureus, and its habitual presence on normal skins (seo Chapter 07), 
he suggests are duo to its capacity for multiplying in water-poor substrates (see also Rebell 
et al. 1950). Ricketts and his colleagues (1951) confirmed tho role of desiccation in the 
death of Ps. pyocyanca and Bad. coli , which survived for long periods on moist skin. They 
identified oleic acid as a major constituent of Btreptococcicidal fatty acid in the e n. 
Together with desiccation, this acid likewise appeared to play a large part in killing Staph. 


aureus. . , 

Fleming (1922, 1929, 1932) recorded the prescnco in tears, in nasal secretion, and 
in many tissues including the skin, of a relatively thermolabile substance which, in high 
dilution, causes the lysis of certain non-pathogenic bacteria, and in particular o an organism 
to which ho gave the name of Micrococcus lysodeilticus. This substance, lysozyme, is an 
enzyme (Meyer et al. 1930, Abraham 1939) which appears to initiate iy^by^ splitting 
certain polysaccharide components of susceptible bacteria (Epstein an ain 
It is active against some strains of staphylococci, and of intestinal streptococci o uman 
origin. In high concentration it acts, though Ices energetically, on other pathogenic 
bacteria. It is natural to inquire whether it plays any part in the selMisuifccting action 
of the human skin. The evidence is conflicting. According to Colebrook (1930) many 
of the bacteria tliat are rapidly removed ore not susceptible to its action. icrococcws 
detklicus itself disappears less rapidly from the skin than such species as r. iccmo >j 
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Laboratory Methods for the Study of Bacteria 

For demonstration of motility the culture should he young, not more than 18 hours old. 
Bacteria from cultures on agar media must be suspended in saline, while broth cultures 
may be used directly. A drop of suspension or culture is placed in the center of a cover 
slip The depression m the hollow ground slide is lined with petrolatum on the surface 
around the depression, and inverted over the cover slip. The cover slip sticks to the slide 
and evaporation is prevented by the seal. The preparation is turned over and examined 
under the oil immersion lens. Unstained bacteria are difficult to see and the diaphragm 
should be closed to a small aperture, it is best to focus first on the edge of the drop 

Staining. Bacteria may be stained or dyed with aniline dyes, more readily 
with the basic dyes 2 Staining may be with a single dye, or simple stain, 
most commonly crystal violet, methylene blue or basic fuchsin, with mixed 
dyes or polychrome stams, or by difFerential methods based on the relative 
aflinity of different bacteria or different structures of the bacterial cell for the 
stains used. The nature of the staining process has been a matter of consider- 
able controversy, in large part as to whether it is fundamentally a physical or 
chemical process. It is now generally agreed that it is chemical in nature and 
the mechanism an ionic interchange between the basic dye and the acidic por- 
tions of the protoplasm— nucleic acids and their compounds— with the forma- 
tion of insoluble dye-nucleotide compounds that do not diffuse out of the cell. 

Stain Solution*. The composition of stain solutions varies considerably in the literature. 
The several, frequently somewhat indefinite, formulae have been interpreted by the 
Committee on Biological St3ins and are given here in the emended form recommended by 
that Committee In older formulae the dye content is often given as ml. of a saturated 
alcoholic solution, and the accompanying table gives the solubilities of those most com- 
monly used, in water and in 95 per cent alcohol. 

SOLUBILITIES OF COMMON BACTERIOLOGICAL STAINS 2 


- _ _ . 



Cofor Index 
N umber 1 

i 

Name 

Water | 

j 95% Alcohol 

655 j 

Auraimne O , 

! 0.74 

1 4.49 

681 | 

Crystal violet (chloride) 

1.68 

13.87 

676 | 

Fuchsin, basic (pararosanilm hvdrochloride) 

0.26 

5.93 

657 

Malachite green (oxalate) 

7.60 

7.52 

922 

Methylene Wue (hydrochloride) 

3.55 

1.48 

841 

j Saframn 

5.45 

| 3 41 

925 

! Toluidine blue O 

i 3.82 

0.57 


Lofjler's Alkaline Mel hrlcnc Blue 
Solution A. 

methylene blue ( 90% dve content) .... . . 0.3 gm. 

ethyl alcohol (95% ) . . , 30 ml. 

Solution B- 

dilute KOH (0 01% bv weight) .... 100 ml. 

The two solutions arc mixed in the above quantities. 


Ziehl’s Carhol-FucJism 
Solution A 

basic fuchsin (90% dye content) . . 0 3 gm. 

ethyl alcohol (95%) . . . .... . 10 ml. 

2 Sec Biological Stains. Prepared by the Commission on the Standardization of Biological 
Stains, 11. J Conn, chairman 3rd ed Geneva. N. Y. 1940. 



1164 


MECHANISMS THAT HINDER ACCESS TO THE TISSUES 

upper part of the duodenum to the action of the gastric juice, with its high hydrogen- 
ion concentration. It has long been recognized that the gastric secretion imposes 
a barrier to the passage of bacteria from the mouth to the intestine, but the careful 
studies of Arnold and his colleagues (Arnold 1926, 1927, 1928, 1929, Arnold and 
Brody 1926a, b) have placed our knowledge on a more detailed basis. By fixing 
various segments of the gastro-intestina! tract of the dog to the skin of the abdomen 
they were able to withdraw samples of the contents by sterile puncture as desired, 
and thus to determine the nature of the normal flora in relation to the acidity or 
alkalinity of the intestinal contents, and also the fate of other bacteria when 
administered by the mouth. 

Tablo 65 shows the relation between the hydrogen-ion concentration of the intestinal 
contents and the prevailing bacterial flora at different lovels. 


TABLE 63 


Portion of Small Intestine. 

pH or 
Contents. 

Bacterial Flora. 

Duodenum 

5-2-6 0 

Few Gram-positive cocci. 

Gram-poaitivo cocci, few Gram-poaitive and 

Jejunum, upper half 

5 5-6-5 

Jejunum, lower half . . . 

6 0-7-0 



Oram-negative bacilli. 

Ileum 

6 8-8 0 

Rich and varied bacterial flora. 


When watery suspensions of Chromobnclerium prodigiosum and Ps. pyocyanca are put 
into the empty stomach of a dog 12 to 18 hours after a meal, they fail to reach the c*cum. 
Introduced in an alkaline buffered watery suspension or in alkaline buffered milk they 
reach the cJBCUin in large numbers. (See also Teale 1934 and Chapter 90). Whether 
the bactericidal action of the duodenal contents is entirely determined by its hydrogen- 
ion concentration, is, perhaps, open to question (sec Meyer and Lou cnberg 1928). 

Garrod (1937) found that gastric juice was bactericidal for a number of organisms 
tliat infect by the mouth. Hr. abortus was most susceptible ; and after it, in diminishing 
order of susceptibility, Br. melitensis, Salm. typhi, Salm lyphi-murium and Sh. fiexneri. 
Gastric juice and washings are also bacteriostatic for Myco. tuberculosis (Schwarting 
1045, Kramer 1946) 

With a view to understanding its significance in defence, Goldsworthy and Florey (1930) 
studied the distribution of Fleming’s lysozyme in mucus and mucosal extracts of the 
stomach and intestines from several animal species, using as test organisms Micrococcus 
lysodeilticus and a series of unidentified susceptible bacteria isolated from the air of the 
laboratory. In the cat, no lysozyme could be detected in mucu3 from the stomach or colon, 
though small amounts could be demonstrated in salino extracts of the dried mucosae. 
In the dog, detectable amounts were present in the mucosa of the intestinal tract, more m 
the colon than in the stomach. In the rabbit, the mucosal extracts were actively lytic. 
The colon was more active than the stomach, the small intestine falling between B J r0, 
In the guinea-pig, on the other hand, the mucosa from the stomach was more active than 
that from the intestine. What part this substance plays in eliminating susceptible species 
from the intestinal flora it is, however, impossible to say. 

Quite apart, however, from the action of the contained lysozyme, ere can e no 
doubt that the mucus itself provides a very efficient a,nd important deaMingan pro ec^ive 


mpchanism- Florey (1933) found that the , , 

ep,Sal cells of the mucosa, but is present m the form of n l«ee-l.ke network spread 
“er «,e mucosal surface. The villi free themselves from any small adherent particles 
by movements that hrm s the particles into contact with the mucus, to which they adhc . 


does not form a uniform coating over 
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Solution B: 

phenol 5 gm. 

distilled water 95 ml. 

Mix the two solutions in the above quantities 

Ammonium Oxalate Crystal Violet (H»cker). 

Solution A 

crystal violet (90% dye content) . . 2 gm 

ethyl alcohol (95%) . ... 20 ml. 

Solution B. 

ammonium oxalate . . 0 8 gm. 

distilled water . . 80 ml 

Mix the two solutions in the above quantities 

S afrantn 

saframn (2 5% solution in 95% alcohol) ... 10 ml 

distilled water . . 100 ml. 

Albert's Diphtheria Stain (I aybourn ) 

toluidme blue . 0.15 gm 

malachite green . 0 02 gm. 

acetic acid (glacial) . . . 1 ml. 

ethvl alcohol (95% ) . . . ... 2 ml 

distilled water . . . 100 ml 


Preparation of Smear*. Slides should be clean and free from all grease, and may be 
cleaned in soap and water, thoroughly rinsed, and stored in alcohol or xylol. Before use a 
slide is passed through the bunsen burner flame two or three times. A drop of distilled water 
is placed on the cooled slide and a small amount of bacterial growth suspended in it, 
spread and allowed to dry m air The film is then fixed by passing through the burner 
flame two or three times, or, for some stains, by immersion in absolute methyl alcohol, 
glacial acetic acid or other fixatives. 

Procedure of the Simple Stain. The fixed smear is covered with stain, allowed to 
stand for 30 to 60 seconds, rinsed off with tap water, excess water removed by blotting and 
allowed to dry in air. Bacteria are usually examined under the oil immersion objective, 
and the oil can be placed directly on top of the smear. 

Tlie Grant Stain. OF the differential stains, the Gram stain is one of the 
most valuable and most generally applied. The procedure is essentially one of 
staining with crystal violet, mordanting with iodine solution, decolorizing 
with alcohol and countcrstaining with a dye of contrasting color The stain 
was originally developed by the histologist Gram in an effort to stain bacteria 
in tissues differentially, and has been subject to many modifications. By this 
procedure bacteria are separated into two groups, those which retain the 
crystal violet and arc said to be gram-positive, and those which arc decolorized 
and stain with the counterstain which arc grain-negative. The distinction is not 
always sharp for there is considerable variation in case of clccolorization, some 
gram-positive bacteria such as the pneumococcus become gram negative after 
they die, and some bacteria arc gram variable. This last group is not large 
enough to detract from the practical value of the stain. 

The Mcchamstn of the Grant Stant. Both the crystal violet and the 
iodine are highly specific while the alcohol and the counterstain are not. 
Almost all other dves, even meth>l green which differs In only one methvl 
group from crystal violet, arc unsuitable, cither being retained or removed hv 
alcohol whether or not the iodine is applied. A few other reagents, notahlv 
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passages with an efficiency of 87*5 per cent. The efficiency was less — 62-0 per cent, 
—when air containing only droplet nuclei was tested. The smaller the particle^ 
and the slower the rate of inspiration, the more readily does it pass the nasal filter 
(Boy land el al 1947 ; see also Druett el al 1953, Harper and Morton 1953). 

Whether mechanical clearance is the only factor concerned is again uncertain. 
Arnold, Ostrom and Singer(I92S) introduced Chromobaderium prodigiosutn and Bad. colt, 
by spraying, into the nose of men, rabbits, dogs and guinea-pigs, and noted their rapid 
disappearance. They state that swabs taken from the posterior pharyngeal wall gave no 
indication that there was any extensive passage of the bacteria to the throat ; hut they 
were unable to detect in nasal washings or secretions any substance that was bactericidal 
to the test organisms employed. It may be noted that the rate of disappearance recorded 
by Arnold and his colleagues — a diminution in numbers during the first fi minutes, and total 
disappearance within half an hour — was more rapid than that recorded by Bloomfield — 
little change in 2 hours but almost complete disappearance in 24. This slower rate of 
elimination was also noted by Bloomfield in the case of particles of kiesclguhr placed on 
the nasal septum. The route followed by substances introduced into the nose to some 
extent depends on the animal tested, the nature of the substance and the method of 
its administration. Rake (1937), for example, records a ready intercellular penetration 
of the olfactory mucosa of mice by pneumococci. Saint . enierilidis, particles of Prussian 
blue and the virus of equine encephalomyelitis, but only slow penetration by rabies and 
certain other viruses. In rabbits, virulent pneumococci penetrate the nasal mucosa only 
if the containing fluids are kept in prolonged contact with it (Cannon and Walsh 1937). 

Lysozyme is known to be present in high concentration in the nasal secretions, and it js 
probable that it plays a part in freeing the nasal cavities from those species of bacteria 
against which it is active. A substance resembling Bold’s inhibine in bactericidal power 
has been described in the nasal secretion of normal persons (Ignatius 1936). Burnet, 
Lush and Jackson (1939) found a heat-labile, possibly enzymic, substance in nasal secretion 
that inactivated certain viruses, notably those of influenza, herpes and pobomyelitis. 
Vaccinia virus was insusceptible to its action. (See also Francis and Brightman 1941.) 

Whatever may be the nature of the complex of mechanisms involved there 
is every reason to suppose that the same result is attained in the nose as in the 
mouth. The majority of bacteria that enter at the external nares are removed 
or destroyed, and fail to obtain any but the most transient footing among the 
normal nasal flora j those that survive and multiply do so because they are in 
some way adapted for successful colonization, and once such colonization has 
occurred they may persist for an indefinite period (see also Chapter 90). 

The conditions in the nasopharynx have been sufficiently dealt with in consider- 
ing the elimination of bacteria from the mouth. 

It would appear (Calamida and Bartarelli 1902) that the accessory nasal sinuses 
are normally sterile. . , 

There is little doubt that in health the trachea and bronchi contain few if any 
living bacteria (see Thomson and Hewlett 1896, Bloomfield 1922d) ; ana it is 
probable that the main protective mechanism consists in the filtering auction o t e 
nasal passages combined with the adherence of bacteria which pass the posterior 
nates, or are drawn in via the mouth, to the pharyngeal or upper laryngeal mucosa. 

It is, however, quite certain, from the ordinary experience of the post-mortem room, 
that dust particles, and hence presumably bacteria, reach the lungs in num ez s a , 
if minimal in any short period of time, attain a considerable total m e course o 
months or years. . 

Under certain conditions, mainly experimental (see Nenmnger 1 , a » 



18 


Laboratory Methods for the Study of Bacteria 

HgCIo, may be substituted for iodine, and stannous chloride, pyrogallol and 
freshly prepared solutions of hydroquinone show some slight activity. 

However arbitrary Gram’s method of staining may appear, the reaction is 
apparently associated with fundamental differences between the gram-positive 
and gram-negative organisms. There is, for example, a pronounced correlation 
between it and resistance to the bacteriostatic action of certain dyes and anti- 
biotic substances, and to the action of other chemical and physical agents. 
The nature of the gram reaction has, therefore, been of considerable interest 
and three general types of theories to explain the differential staining have 
been developed 1 

CO The theory of differential membrane permeability was proposed by 
Benians, 1 ' whose experimental evidence was consistent with the view that 
while the cell membrane of both gram-positive and gram-negative bacteria is 
permeable to the crystal violet and iodine reagents, that of the former is not 
permeable to the alcohol-soluble dye-iodine complex and hence the color is 
retained. 

(2) The colloidal chemical theory was advanced by Stearn and Stcarn 4 
who postulated a relationship between the isoelectric point of the cell proto- 
plasm and its affinity for basic dye on the basis of the negative response of 
gram positive bacteria at acid pi Is, and related evidence; the isoelectric point 
of gram-positive bacteria is at a lower pH than that of the gram- negative bac- 
teria and therefore the former have a stronger affinity for the basic dye. 

(3) A morphological theory was developed principally by Churchman. 5 
His evidence strongly supported the view that the protoplasm of all bacteria 
is gram-negative and that the gram-positive forms are covered by a sheath or 
envelope of gram-positive material, t.e., the gram-positive cell consists of a 
grain-negative "medulla” and a gram-posit h e "cortex.” 

More recent work has substantiated this third hypothesis. I Icnry and Stacy 0 
were able to remove an outer layer from gram-positive bacteria by treatment 
with bile to leave a gram-negative cell or “cytoskelcton.” The bile extract, not 
in itself gram -positive, contained protein, polysaccharide and the magnesium 
salt of ribonucleic acid. This material could be deposited on the surface of the 
extracted cells to render them gram-positive again, but could not be deposited 
on normally gram-negative bacteria The ribonuclcatc appeared to be highly 
specific in that related compounds or other salts of ribonucleic acid could not 
be substituted for it. This work has been confirmed and extended by Bartholo- 
mew and Umbieit 7 who converted gram-positive bacteria to gram-negative 
forms by digestion with ribonuclease and, further, were able to replace the 
bacterial ribonucleate with magnesium ribonuclcatc prepared from yeast. 
There was also evidence that the sulfhydryl groups of the protein were in- 
volved in some way in the gram reaction as a whole. 

3 Bemans Jour. Path. Bact., 1912, 17-199, ibid., 1920, 23:401. 

* Stearn and Stearn Jour Bact., 1924, 9 463, 479. , 

* Churchman- Jour Exp. Med., 1927, 46 1009, Jour. Bact., 1929, JS:413, alsonv Jordan 
and Falk: Newer Knowledge of Bactertology and lmnmnology. University of Chicago 
Press, Chicago. 1928. 

0 Henry and Stacy. Nature, 1943, 151*671 , 

7 Bartholomew and Umbreif Jour. Bact., 1944, 48 567 This paper includes a cntica 
review of the pertinent literature. 
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species— resulting from localized glandular secretions, or from differences in the 
amount of moisture in the skin. Thus, the fluid part of human semen contains an 
inhibitor of Staph, aureus, but not of Bad. coh (Rozansky et al 1949). 

The urethra in the male and female is normally sterile, or contains in the neigh- 
bourhood of the meatus a few staphylococci and diphtheroid bacilli. The 
mechanical flushing action of the urine, combined perhaps with its slightly acid 
reaction (pH 6-0), is probably an important factor. Hold and Deck (1941) describe 
a heat-stable type of inhibine in fresh urine, active against a wide variety of patho- 
genic species. Both Dold (1947) and Bjornesjo (1951) describe inhibitors of Myco . 
tuberculosis in normal urine. Bjornesjo’s substance is heat-stable, dialysable 
through cellophan, and is antagonized by serum albumin. Tamm and Horsfall 
(1952) isolated mucoprotein from urine of molecular weight of about 7 million, 
highly reactive with influenza, mumps and Newcastle viruses, inhibiting their 
hoemagglutinating activity ; its significance in antiviral defence is not clear. 

Urine contains lysozyme, which presumably could prevent the growth of 
lysozyme-sensitive organisms ; a high lysozyme content is found in nephrotic 
children (Wilson and Hadley 1950) 

The vagina has a highly characteristic flora, consisting largely of aciduric bacilli 
of the Doderlein type (see Kiister 1929, Schultheiss 1929). The normal vaginal 
secretion has a marked bactericidal action on many species of bacteria. Thus 
Menge (1894) found that Ps. prjocyanea, staphylococci and streptococci introduced 
experimentally into the vagina could not be recovered after 21 to 26 hours (see 
also p. 1390). 

Antibacterial substances have been described in cows’ milk, active against cocci 
and coliform bacilli (see Hobbs 1939, Morris 1943, 1945, Green and Pauli 1943, 
Wilson and Rosenblum 1952, and pp 194, 2316). It is possible that in man such 
substances contribute to the defence of the lactating mammary gland against 
certain infections. 

The Efficiency of the Bactericidal or Inhibitory Mechanisms Operating on Body 
Surfaces. 

It is extremely difficult to assess the relative protective value of the factors 
that we have described above, as compared with the mechanisms that we sha 1 
discuss in subsequent chapters. It is obvious that they often fail , but how 
frequently they succeed we cannot tell. 


Showing the Percentage Mortalities observed in Groups °f Mice A^ER TnE AmnNisTRA 
tion op Various Doses op a Virulent Straw op Salm. typTn-inunum intraferitone 





Fontana Stain for Spirochetes 1 9 

The gram reaction, therefore, appears to depend on a surface structure of 
magnesium ribonucleate combined with protein which is present on gram- 
positive bacteria but lacking on gram-negative bacteria. This explanation is 
consistent also with the evidence brought forward by others but interpreted 
differently; for example, the reaction between the crystal violet and iodine 
reagents and the ribonucleate-protein complex does not occur at acid reac- 
tions, hence the reversal of the gram-positive reaction by lowering pH. 

Procedure of the Gram Stain. In addition to crystal violet and safranin staining salutions, 
Lugol’s iodine solution is requited as a mordant Its composition is 

iodine 1 gm. 

potassium iodide . . 2 gm 

distilled water . 300 ml. 

The staining procedure is os follows. 

CO The heat fixed smear is stained for I minute with ammonium oxalate crystal 
violet. 

(2) Wash in tap water. 

(3) Flood with Lugol’s iodine solution and allow to stand 1 minute. 

(4) Wash in tap water and blot dry 

(5) Decolorize 30 seconds with gentle agitation in 95 per cent alcohol, and blot dry 

(6) Counterstain 10 to 30 seconds in safranin. 

(7) Wash in tap water, blot dry and examine. 

'J Acid-Fast Stain (Zichl-Ncclsen Method). Certain bacteria, characterized by a high 
lipid content, cannot be stained by the usual procedure of the simple stain and either heat 
or prolonged contact is required to drive the stain into the cells. Conversely, the stained 
forms are equally difficult to decolorize and resist decolorization with acid alcohol These 
organisms arc designated acid fast and include the tubercle bacilli and related forms, the 
leprosy bacillus and certain of the actinomycetes 

Staiiiiiig Procedure • 

(1) Stain the smear for 3 to 5 minutes in steaming Ziehl’s carbol fuclisin. An alterna 
five procedure useful in diagnostic laboratories is to stain in the cold for 18 to 24 
hours. 

C2) Rinse in tap water. 

(3) Decolorize in 95 per cent ethyl alcohol, containing 3 per cent by \olumc of con 
ccntratcd hydrochloric acid, until only a suggestion of pink color remains. 

(4) Wash in tap water. 

(.V) Countirstam lor 3D to 60 seconds with alkaline methylene Vluc. 

(6) Wash in tap water, dry and examine. 

I(intnmi Slain for Spirochete*. The spirochetes stain scry jxxirly or not at all by the 
usual simple Stainirtg procedure, and arc usually stained by a silver impregnation method 

* ~ " ’ ' ' in 100 

• " drop 

Then 

add. drop bv drop, enough more of the silver nitrate solution to produce a slight cloud 
which persists after shaking This solution is stable for some months 

Siam iug Procedure* 

CO Steam the heat fixed smear in a solution of 5 per cent tannic acid in I per cent 
phenol for 30 seconds. 

(2) Wash for 30 seconds in running water 

O) Flrxxl n ith ammonncal silver nitrate solution, heat gently , and allow to stand 20 
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Laboratory Methods for the Study of Bacteria 

Capsule Stain (Hiss's Method). The bacterial capsule docs not stain in the simple 
stain or Gram stain procedures. A number of methods of staining the capsules have been 
used of which that of Hiss is one of the most simple and effective. The stain is an aqueous 
solution of basic fuchsm or crystal violet, 0.1 5 to 0.3 per cent and 0.05 to 0.1 per cent 
respectively. 

Staining Procedure. The bacteria should be grown in ascitic fluid or scrum medium for 
maximum capsule development, and bacteria grown on solid media should be suspended 
in scrum for preparation of the smear. The smear is air dried and fixed by heat. 

(1) Stain with either aqueous basic fuchsin or aqueous crystal \ioJet by heating 
gently until the stain steams. 

(2) Wash ofF the stain with 20 per cent aqueous copper sulfate solution. 

(3) Blot dry and examine. 

The bacterial cells arc deeply stained and the capsules a faint blue or pink, depending 
upon which stain has been used. 

Spore Stain. Ltke acid-fast bacteria, spores arc very difficult to stain and appear as un- 
stained in the usual stained smear. The stain may be driven in by heat, and the Ziehl 
Ncelsen acid fast staining procedure may be used with the modification that dccolonration 
is less rigorous, t.e., 95 per cent alcohol or absolute acetone should be used instead of acid 
alcohol. 


CULTURE OF BACTERIA 

Methods of Obtaining Pure Cultures. When fluid culture media are 
inoculated with substances such as soil, water or excreta, many hinds of organ- 
isms develop simultaneously side by side, and a heterogeneous mixture, or 
mixed culture, of bacteria results. Any technical procedure for obtaining such 
pure cultures is dependent upon the isolation of a single viable bacterium 
which is allowed to multiply in a suitable culture medium. The first reliable 
method of isolation of pure cultures was devised by Koch in 1881. This 
method has proved so satisfactory that it has been employed to the present 
day with only minor modifications. If nutrient gelatin or agar is inoculated 
while fluid (lor example, at 42° C.) and is then solidified and kept under 
favorable temperature conditions, many of the living bacteria that have been 
introduced arc able to multiply. Since the bacteria cannot move about freely, 
but are fixed in thq stiffened medium, the progeny of each organism form 
distinct masses or colonies These colonies consist of many millions of bacteria 
and are readily visible to the naked eye or by means of a low power hand lens. 
If the colonies are not closely crowded, a pure culture may be obtained by 
touching a colony with the tip of a sterile needle and inoculating tubes of 
fresh culture media. In order to secure a large surface upon which the colonics 
shall be spread out and made easily accessible, the gelatin or agar after inocula- 
tion is poured while still fluid into sterilized flat shallow dishes (petn dishes) 
fitted with glass covers. ' 

It will be clear that a given colony may.arise from two or more parent cells 
if these remain attached or close together m the agar medium, and the colony 
will not be a pure culture in the event that the juxtaposed cells are of different 
species. This possibility has been investigated by McNcw** using the plant 
pathogen Phytomonas stewartt. He found {hat 98 per cent or more of the 
colonies arose from single cells, hence the probability of a mixed culture in a 
single colony is 0 02 or less Successive plating or picking a number of colonics 
8 McNew. Phytopathology, 1938 , 28 387. 
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to the stimulus provided by the toxin m the infected tissues by a rapid and copious 
outpouring of antitoxin (the " secondary response ” ; see Chapter 50) ; so that the 
toxin production by the bacterium is more than counterbalanced by the antitoxin 
production in the host. The 0-01 unit per ml. level is an unreliable index of 
immunity for two reasons. Firstly, the protective value even of passively admin- 
istered antitoxin, when there is no question of a later secondary response, varies 
widely from individual to individual in both man and animals. Thus for a given 
dose of toxm, the amount of antitoxin required to protect each of an apparently 
homogeneous group of rabbits may vary over a 100-fold range (Ipscn 1940). 
Secondly, there is no necessary connection between the serum level and the degree 
of secondary responsiveness upon which active immunity largely depends. Similar 
levels might occur in persons whose primary conditioning — for example by a mild 
infection — was feeble, and in persons with a high degree of responsiveness due to 
recent immunization (see, e.g., Barr and Glenny 1945, Ipsen 1946). Moreover, the 
invasiveness and the toxigenicity of the infecting bacilli, and the number in which 
they arrive at the susceptible tissue, may be such as to overwhelm even a high 
degree of specific immunity. With these reservations in mind, however, we may 
regard 0 01 unit per ml. as an average level above which we should attempt to 
raise the lion-immune. The higher it is raised by active immunization, the less 
likely is infection to result in disease, and the smaller is the probability of com- 
plications or death in those who do contract it (Ipsen 1946, Hartley ct at. 1950.) 

Although deviations from this roughly quantitative relation can be attributed 
mainly to variations in the animals’ resistance or the severity of the infective attack, 
it is possible that differences between one antitoxin and another affect the firmness 
of toxin-antitoxin union, and so the degree of protection afforded. 


We saw in Chapter 7 that antitoxins varied greatly in avidity for toxin ; and it is 
natural to suppose that a relatively feeble combining power would be associated with 
a low protective power in vivo. It should be noted, however, that highly avid sera are 
usually produced by prolonged immunization of a kind designed to yield high-titre anti- 
toxins ; and although it is entirely proper to insist that antitoxins for passive serum 
treatment of diphtheria should have both qualities, we do not know whether avidity is 
necessarily an effective quality of the low-titre antitoxins that occur naturally in man. 

The increased resistance afforded by specific antitoxic immunity is determined 
almost entirely by the interception and neutralization of the toxin before it reaches 
the susceptible cells. Once these have been attacked, the antitoxin is relatively 
ineffective. 


Glenny and Hopkins (1925) studied the effect of various doses of antitoxin at different 
times after the intradermal injection of a Schick dose of diphtheria toxin into a guinea, 
pig. This amount of toxin produces a characteristic local reaction at the site of inocu ation , 
0 001 unit of antitoxin is sufficient to prevent this reaction when the toxin an antitoxin 
are mixed together before inoculation. When, however, the toxin is injecte e ore '<• 
antitoxin, neither 10 units of antitoxin injected intravenously 15 minutes later, nor , 
units injected intravenously 30 minutes later, are sufficient to prevent the appearance o 
a small reaction at the site of the injection of the toxin. The reaction is, however, muc 
smaller than that which occurs when no antitoxin is given. When 10 units o an i oxm 
are administered intravenously 30 minutes after the intradermal injection o e ox • * 
or 1,000 units intravenously after 1£ hours, or intramuscularly after 45 nunu es, le esi 
is reduced to about half its usual diameter. A slight reduction in the size o ie rea ® 
is obtained when 1,000 units are injected intravenously after 2J hours, or in ramuscu 
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Methods of Obtaining Pure Cultures 

makes a pure culture a practical certainty It is likely, however, that this figure 
differs for different bacteria, t.e , staphylococci are more likely to remain 
attached than micrococci or bacilli. 

It is self-evident that the pure culture so obtained is not only homogeneous 
with respect to kind or species of bacteria, but since the microorganisms are 
descendants of a single parent cell, they constitute what the zoologist or pro- 
tozoologist terms a done. 

Technique of Making Plate Culture «. Three tubes of agar (1, 2, 3), melted at 100° C.. 
ate placed in a water bath at 42° C., a temperature that is just above the solidifying point 
of agar and is not injurious to bacteria Tube 1 is inoculated with a loopful of the material 
to be plated The cotton plug is then replaced and the contents of the tube are mixed by 
carefully tilting back and forth and rotating the tube on its long axis From this tube two 
loopfuls of agar are transferred to tube 2. and after mixing, two more loopfuls carried from 
tube 2 to tube 3. The contents of the several tubes are then poured into petti dishes As 
soon as the cotton plug is removed, the mouth of each tube should be passed through the 
flame and inserted under the edge of the lifted pern dish cover, and the agar quickly 
poured out The covered petri dish may then be tipped cautiously back and forth to dis 
tribute the agar exenly before it solidifies. Agar plates placed in the incubator after solidt 
fi cat ion should be inverted in order to atoid spreading of the growth through condensation 
of moisture on the surface of the medium. Even if there are a great many bactena in the 
original material, the plate from tube 3 will probably contain the organisms in small enough 
numbers to develop well isolated colonics. On the other hand, if there are very few bactena 
in the material inoculated, plate 1 will probably present more satisfactory conditions. Gela- 
tin plates are made in the same manner as agar except that gelatin may be cooled as low as 
25* C without solidifying 

Under exceptional conditions, such as work in the field, when petri dishes are not 
available, so-called "roll tubes" may be made The tubes containing the liquid agar medium 
are tilted until the agar almost reaches the cotton plug The tubes arc then rotated in this 
position against a block of ice, and when the process is complete the test tube is coated 
on the inside with a thin layer of solid medium. In this way a considerable surface is ob- 
tained and, after incubation, colonies are readily picked. 

Quantitative Dilution. It is sometimes of advantage before plating to make accurate 


CA) To dilute 1 10 use 1 ml. of sample to 9 ml of sterile water. 

(B; " 1 100 99 “ 

(O “ 1 1.000 " '* (A) “ 99 “ 

(D) “ 1 10,000 “ “ (11) •* 99 “ 

(E) " 1 100.000 “ " (C) “ 99 “ 

(F) “ 1 1,000.000 “ “ (D) “ 99 •* 

One milliliter of each dilution is placed in a sterile petri dish and 6 to 8 ml. of 
liquid cooled agar medium arc added. The two are thoroughly mixed by tilting the petri 
dish back and forth and then allowed to solidify. After incubation the total number of 
colonies on the plates containing 50 to 200 colonics is counted and the total number is 
multiplied by the dilution to give the number of organisms present m the original sample. 
Such bacterial counts arc rclatis ely inaccurate, errors of 10 to 15 per cent being common 
in esen the most careful work, and must be regarded only as useful approximations. 

Streak Plates Not infrequently media used for the isolation of the mote fastidious 
bacteria arc such that it ts technically diflicult to make the usual pour plates. The most 
common of these media are those which contain fresh blood Such media arc ordinarily 
prepared in quantity and stcnlc plates poured. These may be stored in the tec box until 
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toxin plays any important part in the invasive process, the antitoxin might to that 
extent lessen the infection. But wc should expect modification of the infection 
rather than complete immunity. The available evidence is in accord with our 
expectations. 

As regards diphtheria, we discuss in Chapter 61 the evidence for other toxic components 
of C. diphtheria >, which antitoxins as usually prepared fail to neutralize. There are clinical 
indications that immunity may be referable to bacterial antigens other than the toxin. 
Thus, nurses in fever hospitals with no detectable antitoxin remain healthy in the face 
of a continuous risk of diphtheria, suggesting that they may have an antibacterial immunity. 
Lack of such immunity may also explain the not uncommon occurrence of diphtheria in 
persons with a high antitoxin level ; and although in some of these cases the diphtheritic 
patients may be exhibiting a secondary response to the toxins produced in the early stages 
of their disease {see Hartley ct al. 1950), for others this view is not tenable. Indeed, in tho 
light of the recent demonstration of the heterogeneity of purified diphtheria toxin, we are 
in no position to assert that effective antitoxic sera owe their efficacy to antitoxin alone ; 
or that toxoid is the only protective antigen in diphtheria prophylactics. Toxins from 
C. diphtheria: appear to be homogeneous in that they arc all specifically neutralized by 
a single antitoxin ; but strains differ in their somatic antigens (sec Hewitt 1948). Frobisher 
and his colleagues report in rabbits an increase in resistance to toxigenic C. diphtheria; 
which, after immunization with avirulent non-toxigenic strains, was associated with 
greater tissuo reactivity to injected bacilli. No antitoxin was detectable in the partly 
resistant animals, and the resistance was to some extent associated with serological type- 
specificity (Frobisher and Updyke 1947, Frobisher and Parsons 1950). 

The prcscnco of circulating antitoxin, activo against tho rash-producing toxin of the 
hcemolytic streptococcus, affords protection against clinical scarlet fever, that is, against 
tho obvious effects of the toxin itself ; but it docs not appear to protect against tho local 
lesion in the throat — tho acuto tonsillitis (Okcll 1932). Again, it would seem (Burt- White, 
Colcbrook and others 1930, Baird and Cruiclcshank 1930, Stent 1930) that tho presence of 
circulating antitoxin, ns revealed by a negativo Dick test in pregnant women during the 
later stages of gestation (seo p. 1070) affords little if any protection against a severe or fatal 
infection with heemolytic streptococci during the puerperium. Theso clinical findings are 
borne out by tho results of experiment. Thus, Parish and Okoll (1927) found that a potent 
antitoxic Berum, which would protect rabbits against acuto toxicmic death following the 
intravenous injection of largo doses of living cultures of hemolytic streptococci, did not 
prevent a fatal infection, leading to death after a week or more, associated with multiple 
foci of infection. Nevertheless, os reference to Chapter 66 will show, in patients with 
Bcarlct fever, antitoxic sera sometimes appear to influence tho course, not only of the 
toxaemia, but of complications directly referable to the bacterial invasion by the Sir. 
pyogenes. 

Closely analogous results were obtained in experimental staphylococcal infections 
jn the rabbit (Burnet 1929, Burnet and Kellaway 1930, Kellaway, Burnet and Williams 
1930). Tho potent staphylococcal toxin is neutralized, in constant proportions, by the 
specific antitoxin ; and a rabbit can be actively or passively immunized against the 
poisonous effect of a toxin- containing filtrate. But such immunized animals are sti 
susceptible to the injection of living staphylococci and succumb to a pysemic infection, 
though they survive rather longer than non-immnnized controls. Later studies, however, 
indicate clearly that in rabbits antitoxin protects, though not completely, against bacteria 
invasion. Ramon and his colleagues (1936a, 6) found that intravenous virulent Stap . aureus 
did not kill rabbits with a high level of antitoxin in tho serum, whereas rabbits with a 
low level Buccurabed. Kitching and Farrell (1936) observed that immunization wi 
toxoid protected rabbits against infection, but that immunization with bacteri IC ®’ 
though it produced abundant agglutinins, wtis ineffective. Both Forssman (1 3 ) an 
Smith (1937) demonstrated that active immunization with staphylococcal pro uc s wa 
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There are four general categories which, in the order of the fineness of dis- 
tinction they make possible, are: GO morphology, both gross and microscopic; 
(k) physiologic capabilities in terms of biochemical reactions; GO patho- 
genicity for experimental animals; GO immunologic character. 

The preliminary and basic study of a bacterium lies in the systematic de- 
termination of its cultural characters. The most important of these are: 

(/O Morphology 

1. gross morphology — that of colonics of the organism with respect to site, tex 

tuie, color, shape, etc. 

GO on nutrient or infusion semisolid media 

GO on special media 

2. microscopic morphology, including 

GO size, shape and grouping of the organisms 

(fc) presence or absence of spores 

(c) motility 

(d) presence or absence of capsule 

(e) staining reactions 
(B) Biochemical reactions 

I the fermentation of sugars, usually dextrose, lactose and sucrose, although 

others may be included together w ith the hydrolysis of starch 

2. liquefaction of gelatin 

3. formation of indol 

4. reduction of nitrate to nitrite 

5. production of hydrogen sulfide 

6. special biochemical tests such as the Voges-Proskaucr reaction, the methyl red 

test, hemolysis on blood agar, etc. 

Such preliminary examination ordinarily affords a great deal of information 
about a given bacterial culture. The feasibility of additional study rests firmly 
on the foundation laid down by the studies outlined above. 

Various attempts bate been made to systematize the study of bacteria. One 
of the most successful of these has resulted from the efforts of a Committee 
on Bacteriological Technique of the Society of American Bacteriologists, under 
whose auspices a Manual of Pure Culture Study has been published and is 
supplemented by leaflets from time to time. Through this agency standard 
methods and descriptive terminology are made available. Furthermore, the 
same committee has prepared a standard descriptive chart for the recording of 
data, and from time to time the chart is revised. 

ANIMAL inoculation 

An indispensable adjunct to the study of the pathogenic bacteria is the 
experimental animal Animals are used not only for the study of the pathology 
of infectious disease and as an aid in the isolation of some bacteria in pure 
culture, but also for the experimental production of immune sera and studies 
on the various manifestations of immune phenomena. The maintenance or 
such infectious agents as the filterable viruses, which cannot be cultivated 
on lifeless media, by animal passage is common also. The animals generally 
used are rabbits, guinea pigs, white mice and white rats, although in special 
cases others, such as rhesus monkeys, are necessary. 

Routes of Inoculation. Experimental animals may be inoculated by a va- 
riety of routes, usually one or another being preferable under the particular cir- 
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most active of the sessile histiocytes are those found in certain specialized regions 
of the vascular or lymphatic endothelium— -the liver capillaries (Kupffer cells), 
the Spleen sinuses, the Venous sinusoids of the bone-marrow, the 'Capillaries and 
medullary sinusoids of the adrenals, the capillaries of the pituitary gland, and the 
sinuses of the lymph glands throughout the body. Somewhat less active in this 
respect arc the reticulocytes, which arc not part of the lining to blood or lymphatic 
channels, but arc disposed about the reticulum fibres in the interstices of the tissues. 
The wandering histiocytes are found throughout the tissue spaces, and some of 
them find their way into the circulating blood, particularly into the vessels of the 
internal organs. 

The common character of dyc-storagc possessed by cells of this type led many 
observers, and particularly Aschoff (1921), to regard them as an integrated system 
of cells fulfilling a particular bodily function. Aschoff coined for them the name 
reticuloendothelial system (R. E. system). The cells of this system may be classified 
as follows : 


Rcticulo-Endothclial System 
(R.E. System). 

I 


Scssilo histiocytes 
(sessile macrophages) 


Wandering histiocytes 
(wandering macrophages) 


Very active. Less active. Tissue histiocytes Blood histiocytes 

| { (tissue macrophages). (blood macrophages). 

Endothelial cells of : Reticular cells of : 

Liver capillaries Spleen, 

(Kupffer cells), Lymphatic glands 
Spleen sinuses, and tissues. 

Lymph sinuses, Thymus. 

Marrow sinuses, 

Adrenal capillaries. 

Pituitary capillaries. 

The schema classifies the various cells belonging to the system, and does not 
necessarily represent a genealogy of the cells found in the animal body. The 
interrelations of the cells in this schema are far from clear ; but subsequent work 
has indicated some which arc relevant to our discussion. The It. E system is 
part of a larger system of connective tissue cells that participate in defence, and 
the reactions to infection consist not only of phagocytosis and digestion of the 
invading organism, but of development and proliferation of phagocytes from other 
mesenchyme cells. Many of the cells in the R.E system have this developmental 
potentiality, but to these must be added cells not m the system, especially the 
non-phagocytic lymphocytes and plasma cells which may also give rise to macro- 
phages (Rebuck 1947). Taliaferro and Mulligan, indeed substitute for the R.E 
system the lymphoid-macrophage system, which contains all the poten ia an ac ua 
macrophage cells, including the non-granular leucocytes (see Taliaferro 1949). 
What we have to say in the following pages about the R.E. system is m 
valid for the wider lymphoid-macrophage system. Both exdude, an are ‘ ^ 

trast with, MetchnikofTa microphage connective tissue cells, namely 8 
polymorphonuclear leucocytes. For our purpose the R E. sys cm < 
unit consisting of cells derived from the mesenchyme, having in comm n-P ‘8 
cytic activity (see, for example, Doan 1940) We are partrcularly concerned w.th 
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The Reactions which follow the Intravenous Injection of Bacteria into Normal 
Animals. 

There is no doubt at all that the mechanism brought into play in clearing the 
blood stream from bacterial cells is in the main identical with that which frees it 
from inert particles of the same order of size (Wyssokowitch 1886, Wcri»o 1894, 
Opitz 1898, Bardach 1889, Metin 1900, Bail 1905, Bull 1914-16, Eyes 1916, Bartlett 
and Ozaki 1917, 1918, Wright 1927 and many others). The reticulo-endothelial 
cells, particularly those of the liver, spleen and bone-marrow, actively phagocytose 
the injected bacteria. The mechanism of aggregation, followed by the removal 
of the bacterial aggregates from the general circulation by their retention in the 
lung capillaries, is sometimes very prominent (Bull 1914-16, Bartlett and Ozaki 
1917, 1918, Wright 1927, Dudgeon and Goadby 1931). This is accompanied, as 
in the case of the intravenous injection of carbon particles, by an accumulation of 
polymorphonuclear cells in the lung capillaries, associated with a temporary peri- 
pheral leucopenia (see Levaditi 1901, Andrewes 1910). But the polymorphonuclear 
cells appear to play a more active part in phagocytosing bacteria than in phago- 
cytosing carbon particles (Dudgeon and Goadby 1931). It is probable that these 
cells with their ingested bacteria are subsequently carried to the reticulo-endothelial 
depfits in the spleen, liver and elsewhere, and are there phagocytosed by the sessile 
histiocytes. Such wandering histiocytes as are present in the lung capillaries ingest 
the bacterial cells, or cell-aggregates, directly. 

So far then as we can regard bacteria merely as foreign particles, our description 
of the reaction of the tissues to the intravenous injection of vital stains or carbon 
particles needs little modification. But, in fact, the bacteria we inject are alive and 
capable of multiplication ; and it is the balance between their capacity to multiply 
and the capacity of the tissues to remove them that determines the fate of the 
animal host. 

Bull (1914-16) counted the viable pneumococci and streptococci in the systemic blood 
stream of dogs and rabbits at various intervals after the intravenous inoculation of a 
bacterial suspension. There was at first a sharp and progressive fall in the number of 
organisms in the circulating blood, lasting until about the 5th hour ; then a secondary 
rise, varying in degree and persistence with the virulence of the organism and the resistance 
of the host. With strains of low virulence the numbers then declined until the blood 
became sterile. With typhoid bacilli the fall in numbers was very rapid, from 10,000,000 
per ml 1 minute after injection to 40 per ml. at the end of 15 minutes. 

Wr.glit (1927) made a detailed study of pneumococcal septicemia in the rabbit, and 
the following examples are taken from his paper. 


TABLE 68 


Living Pneumococci per ml. or Circulating Blood at Stated Times after ^JJ^noSal 
of Avirulent, Slightly Virulent, and Hiohly Virulent Pneumococci into N 


Rabbits. 


Time 

Avirulent. 

Slightly Virulent. 

Highly Virulent. 

Immediately 

2 hours 

5 „ 

24 „ 

48 

06 ,, ...... 

8,900,000 

206 

0 

1,030,000 

20,800 

340 

1,300 

134 

0 

1. 070.000 
137,000 

25,000 

1.510.000 

Dead 



Postmortem Examination 
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es. The common routes of inoculation are intradermal, subcutaneous, 
iCular, mtrapentoneal and intravenous. Other routes such as mtra- 
mtracerebral, intrathecal, etc., may be desirable at times. In any case, 
“ . ition is carried out with a syringe and hypodermic needle, the capacity 
syringe and size of the needle used depending upon the quantity of 
"-ial to be injected and the route of inoculation. The site of inoculation 
, _ be prepared by removal of the hair by shaving or a depilatory, followed 
hsinfection by swabbing with alcohol, tincture of iodine, etc. The syringe 
t needles have, of course, been previously sterilized by dry heat or by 
*hng 

lntracutaneous Inoculation. Material inoculated intracutancously is inoculated into the 
n A fold of skin is pinched up and the needle inserted, lumen up, as superficially as 
ssiblc A raised white spot showing the pits of the hair follicles indicates a successful in 
rtion Not more than 0 2 ml may be inoculated by this route. 

Subcutaneous Inoculation Subcutaneous inoculation requires considerably less skill 
the part of the operator A fold of skin is pinched up as before and the needle inserted 
rough the skin to its full length. The injected material forms a bleb or blister. The 
umnt that mav be injected by this route depends upon the size of the animal. 

Intramuscular Inoculation In the intramuscular inoculation, the needle is inserted deep 
into the muscular tissue, usually the posterior muscles of the thigh or the lateral thoracic or 
abdominal muscles 

hitrapentoneal Inoculation. Intrapcntoneal inoculation is carried out as one would a 
subcutaneous injection on the abdomen except that after the needle penetrates the skin, 
it is held at right angles to the peritoneal wall and thrust through into the peritoneal cavity. 

Intravenous Inoculation Intravenous inoculation may be earned out in a v ancty of ways, 
the choice depending upon the sue of the animal Rabbits are comcmcntlv inoculated in 
the marginal vein of the car The needle is inserted through the skin and into the vein from 
the side If the needle is within the vein, blood will disappear in the vein from the point of 
the needle onward as the material is injected. Needless to say, the injection should take 
place in the direction of blood flow Guinea pigs may be inoculated into the large super- 
ficial vein on the dorsal and inner side of the hind leg or into one of the external jugular 
veins Both require anesthesia of the animal and a small incision, which may be later closed 
witli a stitcli or collodion Rats may tie inoculateu'in an cxtcrnai’juguiar vein and'micc in 
one of the lateral veins of the tail. 

r- r.’ * ’ * ’ ' •* ” r ’ • ' * 


lietween the ribs at the point of maximum pulsation and thrust into the heart, taking care 
to umi re the pericardium as little as possible. Blood is most conveniently taken from smaller 
animals bv this means 

Postmortem Examination. The autopsy of experimental animals dead of infection i> 
often lughlv desirable Not only mav cultures he taken, hut the gross and microscopic 
lutholoRv is usuallv of significance. The animal is fastened down on a board, ventral sur- 
fwc up It ts goixl practice to have the hoard in a larger enameled trav to reduce to a 


or other changes, and the hair and skin are disinfected with crcsol or lyvnl. 

The skin is incised from the puhis to the neck and cut at right angles at the ends of the 



1182 


MECHANISMS OF SPECIFIC ANTIBACTERIAL IMMUNITY 

bacterial growth (seo Chapter 4). Wright showed that this initial clearance of 
virulent pneumococci can bo almost eliminated by injecting a culture that is still in the 
logarithmic phase. 

In the argument from analogy, which plays so large a part in the construc- 
tion of our concepts of infection and resistance, we must be very careful to allow 
for the effects of our experimental technique. The reactions which we have 
described above are those that follow the sudden introduction into the blood 
stream of a relatively enormous number of bacteria— a number of the order of 
1,000,000,000. Such an occurrence must be of extreme rarity in natural infection, 
and it is possible that some part of the mechanism we have described — for instance, 
the aggregation of bacterial cells and the retention of the aggregates in the lung 
capillaries — may have been over-emphasized by the particular experimental pro- 
cedure that we have chosen to employ. In any case there seems little doubt that 
the most significant happenings in the primary bacterscmia are those that occur 
between the 5th and 24th hours after an intravenous inoculation, when the fate of 
the host is being determined by the balance between bacterial multiplication, on 
the one hand, and the removal of the newly produced bacterial cells on the other. 

The increasing bactenemia does not appear to be due to any exhaustion of the 
clearing mechanism. Martin and Kerby (1950) found that the removal of a strain 
of Staph, aureus from the blood of a rabbit suffering from an overwhelming and 
ultimately fatal pneumococcal bacterrcmia was as efficient as that in a normal 
rabbit. There was no evidence that, in the overwhelming infection, the pneumo- 
cocci had acquired a resistance to clearance from the blood stream. 

Even when the tide has for the moment turned decisively in favour of the 
host, it does not follow that there will be a complete sterilization of the tissues. 
Bacteria will have been caught up in the liver, spleen and elsewhere, and may 
remain alive, but relatively inactive, for considerable periods. For example, in 
experimental infections of various rodents viable Past, pestis and bacilli of tularaemia 
may persist for several days in the tissues of animals that eventually recover 
(Meyer et al. 1948, Downs et al 1949). In more chronic infections, like tuberculosis, 
the bacteria persist for much longer periods {sec Briegcr 1949). 

Our knowledge of the exact method by which bacteria are killed in the tissues 
is woefully incomplete. There is no doubt at all that the majority of the bacteria 
taken up by phagocytic cells arc destroyed by intracellular digestion ; but the tacit 
assumption that a bacterium phagocytosed is, of necessity, a bacterium finally 
disposed of is certainly unwarranted. . 

It should be noted that clearance may be effected by the mediation of granu- 
locytes Braude (1951) for example, recorded the accumulation of polymorpho- 
nuclear cells containing brucellas in the sinusoids of the liver, as well as phagocytosis 
by the sessile Kupffer cells, within 3 hours of intravenous injection of the organisms 
into mice ; within 24 hours, the granulocytes were largely replaced by macrophages. 

The Reactions that follow the Intraperitoneal Injection of Bacteria or of Suspensions 
of Inert Particles into Normal Animals. 

The small quantity of fluid present in the normal peritoneal cavity, or ot er 
serous sac, contains very few cells, and these consist almost entirely of mononuclears, 
mainly of the lymphocyte type (Dudgeon and Ross 1906, Cappcll » an many 

Durham (1897), in his classical paper on the reaction to intraperitoneal refection, 
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incision. The two flaps may be laid back by separation of the cutaneous from the under- 
lying muscular tissue with a scalpel. The condition of the subcutaneous tissue and of 
axillary and inguinal lymph glands may be noted The peritoneal fluid may be cultured by 
scaring a small area on the surface of the abdomen with a hot spatula and puncturing with 
a sjringc and needle or a Pasteur pipette into which the fluid may be aspirated. The ab 
dominal easily is opened with fresh instruments 3nd the flaps are laid bach as abose The 
condition of the abdominal organs, such as spleen and liver, may be noted and cultures 
taken by first scaring the surface and then either puncturing and aspirating fluid with a 
syringe and needle or a Pasteur pipette, or by removing a small piece of tissue and placing 
it in nutrient medium Likewise, pieces of tissue may be removed and placed in fixing 
fluid for subsequent sectioning Again with fresh instruments, the costal cartilages are 
cut to make a V-shaped incision and this flap is laid back over the head, exposing the 
thoracic cavity. Any gross pathology may be noted, cultures may be taken from heart’s 
blood and elsewhere if desirable, and pieces of tissue removed for fixation and sectioning. 
The animal is disposed of by incineration. 

It is obviously impossible to define postmortem procedure rigorously. The lymphatic 


The routine of examination will be determined, therefore, by the particular disease under 
consideration or, if this is not known, by the symptoms exhibited by the animal before 

'k/knumber of precautions must be observed in the autopsy of animals dead of infectious 
disease If cultures arc to be taken, fresh sterile instruments must be used at each stage. 
Instruments once used should be returned to the boding water sterilizer or placed in a tray 
containing bsol or, if to be used again, laid down on the edge of the tray with all sharp 
edges and points inward Extreme care must be taken to avoid disseminating infectious 


IMMUNOLOGICAL METHODS 

The immunological or serological reactions serve to differentiate bacteria on 
the basis of their constituent antigens- Such immunological differences are 
usually, though not always, subordinate to the biochemical differentiation of 
CJ cs and in general serve to subdivide species into immunological types or 
varieties. The immunological identification of an unknown microorganism is 
of considerable diagnostic utility, and is frequently of very great value in epi- 
demiological studies in tracing the source and dissemination of infection Fur- 
thermore, serum may be tested against a known antigen to establish the 
p,esence of the homologous antibody and thus by inference the presence, im- 
mediate or past, of the microorganism or its products in the host, and thcre^ 
fore serves as an indirect diagnostic procedure. The specific neutralization or 
tovin by antitoxin m vivo serves to measure antibody in serum or the circulat- 
ing antibody in the living host, and in the latter is a measure of antitoxic im- 
munity. Of the m vitro immunological reactions, those of agglutination of a 
bacterial or other discrete antigen, precipitation of a soluble antigen, and 
complement fixation in the presence of soluble or discrete antigen are of 
General utility. 

^itnilion of Diphtheria Antitoxin by the Riimer Method. The intradermal inocu 
of diphtheria toxin in the rabbit produces a local er> ihcnu, and central necrosis wit 
doses, which maj be used in the assay of toxin, and of toxin in the presence of anti 
The end point ordinarily taken is the smallest amount of toxin that, in a dose o 
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carrying with it, os in a retracted net, the particles caught on its surface layers. The 
mechanism of these movements was studied by Florey and Cnrlcton (1020). They 
found that the omentum is totally incapablo of any intrinsic movement. The movements 
that it undergoes are impressed on it by (a) posture, (b) the peristaltic movements of the 
intestines, and (e) tho movements of tlic diaphragm. The retraction into a tightly gathered 
transverse band is duo to the alteration in the character of the omental surface, and par- 
ticularly to tho deposition of fibrin, which causes the omental folds that are brought into 
apposition to adhere to one another, instead of extending again in response to tho next 
passive movement. 

The reaction that follows an intraperitoneal injection is not, however, limited 
to the peritoneal cavity. Indeed, it spreads beyond it with surprising rapidity. 

Muscatello (1895) injected carmine suspensions into the peritoneum, killed the inoculated 
animals after various intervals, and studied tho distribution of tho dye. Within 1-2 hours 
ho found particles of carmine in tho liver and spleen. Similar particles, in smaller numbers, 
were found in tho lungs, pancreas and testis. Durham (1897) noted the rapid passage of 
bacteria from tho peritoneal cavity to tho blood stream, and concluded that the most 
important route of transit was via tho diaphragmatic lymphatics, the anterior mediastinal 
glands and the right lymphatic duct. Tho importance of the diaphragmatic routo was 
nlso noted by Dudgeon and Ross, and tho correctness of Durham’s conclusions has been 
confirmed by many subsequent observers, notably in the careful studies of Buxton and his 
co-workers, and in tho subsequent studies of Bolton (1921). Buxton and Torrcy (19006) 
found that, almost immediately after tho intraperitoneal injection of an Indian-ink suspen- 
sion, there was a rush of carbon particles into and through tho lymphatics of tho diaphragm. 
Thcnco thoy passed rapidly through tho anterior mediastinal lymphatics and the correspond* 
ing lymph glands, reaching tho blood stream within a very few minutes. During the earliest 
stages of this transit thcro was very httlo evidence of phagocytosis in tho mediastinal glands 
or elsowbcro 5 but, as time passed, an increasing number of carbon particles wero found 
within tho histiocytes of tho lymph nodes. 

In other experiments (Buxton 1900, Buxton and Torrcy 1900a) the fate of Jiving 
typhoid bacilli, injected intraperitoncally into rabbits, was followed by quantitative plating 
methods. Tho living bacilli passed into tho general circulation almost immediately ; and 
their numbers per ml. of circulating blood reached a maximum after about an Lour. After 
this there was a rapid dccrcaso, and few bacilli could bo recovered from the blood after 
about the 0th hour. When suspensions of liver and spleen tissue were plated it was found 
that thcro was a rapid accumulation of bacilli in these organs, and particularly in tho liver, 
within a few minutes after nn intraperitoneal injection. Thcro was then a transitoiy 
dccrcaso m the numbers of viablo organisms, followed by a secondary increase lasting from 
the 2nd to tho Cth hour, tho bacilli wero increasing in tho liver and tho spleen while 
they wero decreasing in tho blood. After about tho Cth hour there was a general decrease, 
lasting for several days, and more rapid in tho liver than in tho spleen. MTien animals 
were killed 4 days after injection viable bacilli were still recovered from the liver, though in 
small numbers ; larger numbers wero recovered from tbo spleen, and very large numbers 
from the mediastinal glands. Many observations on laboratory animals have shown that 
living bacilli may be recovered from tbo spleen weeks or months after experimental infection 
(Topley and Wilson 1923, Price-Joncs 1927). 

It may be noted that the rapid transit of particles or bacteria from the peri- 
toneum to the blood stream is almost certainly the result of the mechanical pumping 
action of the rise and fall of the diaphragm in breathing. This is probably assisted 
by a special arrangement of the endothelial cells of the peritoneal mem rane covering 
the diaphragm, which provides for a rapid passage of particles to the underlying 
lymphatics (Florey 1927 ; see also Bangham ft al 1953) 
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Titration of Diphtheria Antitoxin by Romer Method 

ml , will produce a 2 one of erythema 10 mm. in diameter 48 hours after inoculation This 
is designated the minimal reacting dose or MRD, and the activity of a toxin may be meas 
ured as MRD per ml 

Such a titration measures the potenev or toxicitv of the toxin preparation, but not its 
combining power with respect to antitoxin An expression of the activity of the toxin in 
the presence of antitoxin is the definition of the Lr dose. This is that amount of toxin 
which, when mixed with 1 unit of standard antitoxin, contains 1 MRD of unneutralized 
toxin. It will be clear that a toxin so standardized with respect to standard antitoxin can 
then be used to titrate an unknown antitoxin by using a constant amount of toxin mixed 
with serial dilutions of the unknown antitoxin, and testing of the mixtures for activity 

One application of this technique is the titration of the antitoxin content of the serum 
of persons, immunized, convalescent or normal This will be considered here since it 
illustrates all of the principles invoked In studies on human immunity the usual pro- 
cedure is to titrate the serum against an amount of toxin which will just give the end 
point reaction when mixed with 0 002 units of standard antitoxin, this is commonly 
spoken of as titration at the l/500th level. 

Standardization of Toxm at the i/500ih Level Toxins vary widely in potency and 
combining power and no precise quantitativ e procedure may be given The general model 
of the titration is as follows 

CO Assume that a toxm whose L+ dose is known is available. Then the following 

preliminary titrations can be carried out 

(a) The standard antitoxin is diluted so that it contains 1 unit per ml. 

(b) The toxm is diluted so that it contains 1 L-f dose per ml. 

(c) The toxin is titrated in dilutions of 1 100, 1 200, 1 300, up to 1 1000 against 
constant amounts of antitoxin, viz., 1 ml. of diluted antitoxin is mixed with 
1 ml of each toxm dilution, incubated as indicated below, 0 2 ml. of each 
inoculated intradermally in the rabbit, and the reaction read in 48 hours. This 
titration determines the Lr dose of toxm 

(d) Additional preliminary titration indicates the approximate amount of toxin 
required to just give the skin reaction in the presence of 1/500 unit of anti- 
toxin. A more precise determination is earned out as follows 

(0 Prepare a dilution of the original toxin in sterile broth to contain cxactlv 
100 Lr per ml This is the so-called stock solution and is relatively stable if 
prepared from stabilized (aged) toxin 

00 Dilute 1 ml of the stock solution of toxin with 99 ml of buffer solution 
to give a solution containing 1 Lr per ml. 

Cm) Prepare serial dilutions at intervals of 5 within the limits indicated by 
the above preliminary titration TIius, if the end point is indicated as lying 
between I 40 and 1 80, prepare 1 40, 1 45, 1 50, up to 1 80. 

(iv) Mix 1 ml of each dilution of loxm with 1 ml of standard antitoxin 
diluted to contain 0 002 unit per ml. Incubate the mixtures for 1 hour at 
37° C and leave in the refrigerator overnight to allow ample time fur the 
toxm antitoxin reaction. 

C'0 Inject 0 2 ml of each dilution mixture miradcrmallv into the shaven 
skin of a rabbit (as manv as 40 such inoculations mav be made in a single 
animal without ill effects) 3nd identify the sites of inoculation with d\e 
(vi) Read at 4$ hours, the end point being that dilution of toxm which pro- 
duces a zone of erythema nearest to 10 mm in diameter. 

Titration of Antitoxin at the l/500lh Lctcl. Tor the titration of antitoxin in scrum 
proceed as follows 

(1) Dilute the stock solution of toxm as indicated in the above stand irda/ation. i e , 
so that 1 ml. contains sufficient toxm to give the skin reaction when mixed with 1 
ml. of antitoxin containing 0 002 unit per ml. and inoculated in amounts of 0 2 ml. 

(2) Prepare dilutions of patient’s scrum, sav, for illustrative purposes, of 1 10 and 
I 500. 

(3) Mix 1 ml. of undiluted scrum and 1 ml of each of the dilutions with 1 ml. each 
of the diluted toxin, and in addition sit up a control which contains l ml of the 
diluted toxin and I ml. of stindard antitoxin diluted to contain 0 002 unit. 
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into play, but of the predilection of the bacterium for the tissues it is invading. Very 
little is known of the peculiarities, chemical or physical, of the bacterial surfaco that 
determines its affinities for a given cell or tissue, though several attempts have been made 
to relate virulence to qualities like surface charge (see Falk and Jacobson 1025, 1926 
Jacobson and Falk 1927). Some progress has been made in recent years with the study 
of the special affinities that viruses have for sticking to certain types of cells (sec Chapter 55) ; 
a similar study of bacteria might equally illuminate the pathogenesis of bacterial disease' 

The Permeability of Blood and Lymph Capillaries to Foreign Matter.— Under- 
lying the various epithelial surfaces of the body there is an extensive anastomotic 
network of blood capillaries and lymphatic channels. The two networks, with 
rare exceptions, constitute independent systems, each lined by a continuous 
sheet of endothelial cells. The lymphatic network drains into the afferent lym- 
phatic channels, which in turn lead to a lymph node (Drinker and Yoffey 1911). 
In normal tissues, excepting the liver, the permeability of both capillary and 
lymphatic endothelium is poor. Substances of low molecular weight only are 
absorbed from the tissues by the capillaries. For instance, Rous and his colleagues 
(Rous, Gilding and Smith 1930, Smith and Rous 1931a, 6, Rous and Smith 1931) 
showed that certain dyes passed directly into the venous portion of a capillary 
loop. Cobra venom, of molecular weight 5,000, is absorbed directly into the 
blood stream, but diphtheria and tetanus toxins, of molecular weights greater than 
50,000, are not (Barnes and Trueta 1941). Serum proteins do not pass directly 
into the blood stream from the tissues (Starling 1895-9G). The permeability of 
the blood capillaries increases greatly with trauma, and under the influence of 
various noxious substances. It does not appear that the passage into the blood 
stream of particles of bacterial dimensions is facilitated in these circumstances ; 
though Tuttle and Cannon (1935) obtained some evidence that virulent strepto- 
cocci passed directly into the blood stream after their introduction into the lung 
alveoli of dogs. The lymphatics, on the other hand, readily become permeable 
to large molecules and small particles introduced directly into the intercellular tissue 
spaces, whether they are, for example, inert particles, red blood cells or bacterial 
in nature (see, for instance, Cappell 1929, Batchclder, Field and Drinker 1931, 
McMaster and Hudock 1934, Field and Drinker 1936, Schulz, "Warren and Drinker 
1938, Barnes and Trueta 1941). We have already noted the speed with which 
bacteria reach the thoracic duct via the lymphatics, from the peritoneal cavity, 
etc. These facts suggest that in areas which, like the skin and suhepithelial tissues 
of the respiratory and alimentary tracts, are liberally supplied with lymphatics, 
substantial numbers of the invading bacteria are rapidly carried to the lymph 
nodes draining the site of invasion. 

The Filtering Action of Lymph Nodes— As Drinker, Field and Ward (1934) showed, 
haemolytic streptococci or particles of Indian ink introduced into an afferent lymph channel 
are to a large extent removed from the lymph during its passage through a lymph node. 
The filtration appears to depend mainly on the complex ramifications of the channels 
in the node, and to a lesser extent on the removal of particles by phagocytic cells lining 
the sinusoids of the node. The filtration, however, is by no means complete. Schulz, 
Warren and Drinker ( 1938) instilled virulent Type III pneumococci into the nose of rabbits, 
and recovered cocci from the vessels draining the superior deep cervical node wit in one 
hour of the instillation ; non -virulent organisms, on the other hand, did not appear m 
the efferent lymph. Where lymph has to traverse Beveral nodes in its passage to the 
thoracic duct filtration may be very efficient. Thus Drinker, Field and V ar ( 
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tin t |«-? It! «nrt* it It l» « nnilfalim! In the* 1:10 t!ihtti.,:i of t (TUn] . |l v t ar>ins t } lc 
uttinil hit* n, ant ftaUMfl of a unit itm Ik- ilrtnimnnl at imluatedin the accnmpammg 
la Me. 

!)!I in ions oi r.vnr.vrs snuiM ron rirnATiox or antitoxin 
vi i/swnn i. i:\t.i. 




l 

Amount .Mixes! 

It-.- r 

j-irnt's Vtutn 

(rd.; 

1 Siluie 

(ml.) 

1 

Dilution 

with 1 ml. of 
Toxin Dilution 
(nil.) 

Antitoxin Unit 
| Tested for 

1 o 

0 

0 

1 

1/500 

05 

0.5 

1 in 2 

1 

1/250 

02 


1 in 5 

1 

1/100 

0 I 

0.0 

! in to 

1 

1/50 

0.1 


I in 1 (> ft 

1 

1/30 

0.1 


I tn 25 

1 

1/20 

0 1 

4 9 

I in 50 

1 

1/10 

0.1 

9.9 

1 in 100 

1 

1/5 

01 

49 9 

1 in 500 

i 

1 

1/1 


Tlir Precipitin Ki-iirllmi. I"he prcupitin rc.uiion is the specific forma- 
tion of .» prccipitJttf when a soluhle antigen anti its homologous antiserum arc 
mixed. It •< i»wtl ^‘ ,r , ,c 'dentificatmn of viluhlc antigens of Iuctcri.il extracts, 
Mtth as pncunwcoccm poivsac.iharu!e. the pok saich. irule and protein antigens 
of the streptoaicci, etc , and is used for the immunological typing of a number 
of hinds of Ktctena. It is also used for the identification of other protein anti- 
g C n< as, for instance, the identification of hlrxxistains in forensic m xlicine. 

In the prcc‘r« ,in ,c<t an, i'erum is tool undiluted. nr in \rr) low dilution wh> S asoids 
undcsiralde cross reactions, and is admixed uitli xucvvsxisc dilutions of the antigen. The 
titer of die anioerum is expressed as the Indies! dilution of antigen with which I* capita 
tion oeairs- II is one n t ,e most delicate and sensitise of the serological reactions, aniiscra 
ss Inch wdl P^c^ai.**?. ‘ in " KC f 1 5 U< d‘ as pneumococcus pols saccharide in dilutions as 
. ‘ ' ■ « to serum antigens arc frequentb' 


s '.Vasscnnann tubes, each of which 

contains u 5 ml ol saline sol mion 

(h) *I*° * ■"* a dd 0 5 ini of the antigen solution, mix well b> Mossing in 
second tube vtW *-d times, and transfer 0.5 ml. of this dilution to the 

expected titer, of th, 

to 2". If the original , . 

’ , ®’ '‘ tl hut n j S mole comenient to prep ire a i mu unuuou in 

i ann ,Rn,a a ” ,>KCn t° begin uitli, thus going dilutions of 1:100, 1:200, 
l.iuu. up t„ j 25 600, etc 
C2) Procedure of the Test 

Histeibuu tlit antiserum in amounts of 0.1 ml. in a senes of 5 x 50 mm. test 
■ ds tnanv as the dilution range to be ob-.cn ed requires. 
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the capillary walls made permeable by leukotaxlnc come phagocytes, and an exudate 
containing antibodies, other antibacterial substances and fibrinogen. The coagulation 
of the fibrinogen in this exudate leads to the deposition of a fibrin meshwork in the inter- 
cellular spaces of the injured tissues. The protein content of lymph will rise, since under 
the influence of leukotaxmo the lymphatic endothelium will have become permeable 
to the exuded proteins, and under the toxic action of the invading bacteria the lymph 
will clot in the lymphatic channels. In favourable circumstances, therefore, the inter- 
cellular dissemination of the infective material will he hindered by the fibrin deposit in 
the tissues, and dissemination along the tytopb channels by the jntralympbat/e dots. 
This clotting process constitutes Menkin’s “ lymphatic blockade " whereby irritant material 
is fixed and held at the site o£ inflammation. If the irritant is sufficiently strong, “ fixa- 
tion ” may even precede tho diapedesis of leucocytes. According to Menkin, bacteria 
like Staph, aureus stimulate the early formation of a lymphatic blockade, and hence tend 
to be confined in local abscesses ; Sir. pyogenes, on the other hand, induces a late fixation 
reaction, and is conspicuously invasive. 

The presence of leukotaxine-like polypeptides in tho breakdown products of 
tissue proteins has been demonstrated by Duthie and Chain (1939), and many 
of the experimental phenomena upon which Menkin bases his hypothesis of inflam- 
matory fixation have been reproduced by other workers, though neither Steinberg 
and Dietz (1938) nor Lurie (1939) could find any constant association between pH 
and the predominating type of phagocyte in inflammatory processes. It is probable 
that a number of factors, including the type of parasite, determine tho cellular 
response, even in tho early stages of infective inflammation (sec, for example, 
Gins, Kroemer and Link 1938). 

We are chiefly concerned here with the hypothesis of the lymphatic blockade 
as a defence against bacterial invasion. The chief objection to the hypothesis 
is the difficulty of demonstrating fibrin deposits and lymphatic thrombi at the 
periphery of inflamed regions, that is, in the region where they are likely to 
be effective as a barrier against the spread of infection. Rich (1936) points out 
that acute inflammatory processes induce an increased, not a decreased, flow 
of lymph from the injured part (see Field, Drinker and White 1932, Hudack 
and McMaster 1933), and suggests that foreign substances, including bacteria, 
are u fixed " in inflamed areas by adsorption to proteins, and by precipitation 
or other physico-chemical change in the lesion (see also Blalock and Burwell 
1935-36) ; and the work of Miller (1938) on the adsorption of a variety of sub- 
stances, including bacterial suspensions, from regions of inflammation in rabbits, 
makes it clear that absorption depends largely on the nature of the sub- 
stance absorbed. Miles and Miles (1943) attribute the apparent^ fixation of 
substances in the inflammatory lesion to an accumulation of exudate in the tissues 
to such a degree that the existing lymphatic system can drain away only a small 
fraction during the period of experimental observation, with the result that any 
foreign material diluted in the exudate appears also to pass slowly from the lesion. 
Local deposits of fibrm may perhaps improve antibacterial defences in another way. 
M. R. Smith and Wood (1949) observed that little phagocytosis of pneumococci 
by leucocytes occurred in citrated rat plasma, but when fibrin strands were pro- 
duced in the mixture by addition of thrombin, the leucocytes could move on the 
solid surface of the strands, and pm the cocci against them as a preliminary to 
a highly effective phagocytosis 

We should at this point emphasize that the term “ fixation ” is also used for two 
phenomena that are distinct from the fixation discussed above. The first concerns the 
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PROTOCOL FOR THE PRECIPITIN TITRATION 


Tube Number 

Antiserum 

(ml) 

Antigen 

Dilution 

Amount 

Cml) 

1 

0 1 

1 100 

0.1 

2 

0.1 

1 200 

0 1 

3 

0 1 

1.400 

01 

4 

0 1 

1.800 

0 1 

5 

0 1 

1 1600 

0 1 

6 

01 

1 3200 

0 1 

7 

0 1 

1 6400 

0.1 

8 

0 1 

1 12,800 

0.1 

9 

0 1 

1 25,600 

0.1 

antiserum control 

0 1 

| saline solution 

0.1 

antigen control 

saline solution 0 1 

undiluted antigen 

0 1 


(b) Carefully layer 0 1 ml of the antigen dilutions onto the antiserum, each of 
the serial dilutions m successive tubes, so that the juncture between the two is 
clear and sharp 

(c) Incubate at 37® C. for 2 hours, examining at 30 minute intervals for the 
formation of precipitate at the juncture of antiserum and antigen This is the 
precipitin rmg test. 

(d) Shake the tubes to thoroughly mix the antiserum and antigen, and store 
osernight in the refrigerator 

(e) Next da> the precipitate will have settled out and can be read by gentle 
agitation of the tubes 

(f) It is essential that controls of antigen plus saline, and antiserum plus saline, 
be included, and these should show no precipitate. 

The precipitin test may also be carried out in capillary tubes to conscnc antiserum, and 
to utilise the relatively small quantities of antigen asailable in bacterial extracts as in the 
typing of streptococci. 

r: * i t« ■ . — • * ’ ' ’ ’ 


saline in certain proportions floccules appear, and the antigen is titrated to determine the 
smallest amount of saline which, when added to 1 0 ml. of antigen, produces aggregates 
which completely disperse upon the addition of more Saline. Syphilitic scrum has the 
property of presenting this dispersion. The test is based on the mixture of constant amounts 


saline A posime reaction is indicated b> the presence of floccules in the mixture. 


PROTOCOL TOR THE KAHN FLOCCULATION TEST 


Tube 

Antigen 

Scrum 

Scrum Antigen 'T 

| Saline 

Number 

Cml ) 

(ml.) 

! Ratio j § £ 

(ml ) 

1 

005 

015 

t 3 1 pi 

05 

2 

0 025 

0.15 

1 b 1 ,-f r. 

! 0.5 

3 1 

00125 

0.15 

12 1 ! - * 

0.5 
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of a saline suspension, into the open mouth. The animals so treated -were killed 
after intervals varying from a few hours to a month or more, and cultures were 
prepared from the blood, liver, spleen, mesenteric glands, the small intestine at 
different levels, and certain other situations. In this way it was possible to follow 
the spread of infection throughout the body. These observations are of particular 
interest because they are concerned with a natural disease of mice, and because the 
portal of entry is that by which the parasite gains access to its host in the natural 
spread of the disease. 

It would seem that the bacilli, when they gain access to the body by the mouth, fail 
to establish any immediate foothold in the intestine, and for the moat part rapidly succumb. 
A certain number, however, enter the tissues from the alimentary tract and are carried 
to the mesenteric lymph glands. Later they enter the blood stream, probably via the 
thoracic duct, but are rapidly removed from the circulation by the reticuto-endothelial 
cells, particularly those of the liver and the spleen. During this phase the blood taken 
from the heart is sterile, and Salm. typhi-murium cannot usually be recovered from the 
intestine ; but the liver, spleen and mesenteric glands show its presence in increasing 
numbers. In many animals this stage is followed by a secondary bacteremia, ■which 
increases in intensity until the animal succumbs. The intestine, which as stated above 
is rapidly freed from the invading bacteria during the primary stage of the infection, 
becomes secondarily infected during its later stages, probably by way of the bile-duct. 

A similar series of experiments were carried out using Salm. paratyphi B as the infecting 
agent — an organism closely related to Salm. typhi-murium, but far less pathogenic for 
the mouse. The Barae rapid disappearance from the intestine was noted, and the same 
localization in the lymphatic glands ; but in this case there appeared to be no tendency 
for the infection to spread beyond this primary focus, though the bacilli might persist 
in the mesenteric glands for weeks or months. A relatively avirulcnt variant of Salm. 
typhi-murium behaved in the same way as Salm paratyphi B. These observations were 
extended by Maaloe (1048), who showed that a virulent strain of Salm. typhi-murium 
and an avirulent but nevertheless equally “endotoxin” variant were equally invasive, 
both reaching the mesenteric lymph nodes ; but that the avirulcnt variant was destroyed 
there. Virulence was associated with tn utro resistance to the bactericidal action of fresh 
complement-containing scrum. 

The Antibacterial Action of Complement and other Humoral Substances. 

Little is known about the in vivo importance of the bactericidal and bacteriolytic 
effects mediated by complement. Though purely humoral effects of this kind are 
probably less important than was at one time supposed, they are certainly operative 
with some organisms. 

Thus, npart from Pfeiffer’s classical experiments with l . cholera:, Buxton and Torrey 
( 1006rf) note that many of the typhoid bacilli that collect on the surface of the omentum 
after an mtrapentoneal inoculation are destroyed by extracellular lysis instead of being 
ingested by macrophages, and many workers have recorded analogous observations. 
We have just noted an example of an association of virulence and susceptibility to comple- 
ment in Salm. typhi-murium, and there are other instances of this among Gram-negative 
bacteria. Moreover, in an experimental Jeptospiral infection of rodents, Stavitsby (J ; 
observed very little localization at the primary lodgment, and no evidence, either tn vitro 
or in v no, of phagocytosis of the organisms; lie concluded that they were u tima ey 
destroyed by lytic antibody. With Gram-positive organisms, like pneumococci or strepto- 
cocci, it would seem, however, that this purely humoral mechanism plays no pari* cSI es 
complement, other humoral substances, either present in the tissue, or induced as te resu 
of infection, have been reported as significant, or potentially significant, in anti ac eria 
defences. These we consider m Chapter 52. 
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Laboratory Methods for the Study of Bacteria 

Agglutination. Bacteria, and other particulate antigens, aggregate in 
clumps in the presence of homologous antiserum, and are said to be agglu- 
tinated. The agglutination reaction is useful in the serological identification 
of bacteria, especially those of the group of enteric bacilli such as the Sal- 
monella and dysentery bacilli. It is also the immunological reaction made use 
of, in conjunction with agglutinin absorption, in the antigenic analysis of 
bacteria. 

The agglutination reaction differs from the precipitin reaction in that the antiserum 
rather than the antigen is diluted, and the antibody titer of the antiserum is expressed as 
the highest dilution in which a constant amount of bacterial antigen is agglutinated. 
Agglutinating antisera commonly show titers ranging from 1:1000 to 1.10,000, and oc- 
casionally may reach titers as high as 1:50,000 to 1.100,000 though this is rare. The 
agglutination of bacteria may be observed either microscopically or macroscopically, the 
former is generally used for typing purposes and the latter in the titration of antibody. 

The Microscopic Agglutination Test. In the microscopic agglutination test either only 
a few, e.g., two or three, dilutions of antiserum are used, or, more commonly, a single 
dilution is used which preliminary titration has indicated will produce a rapid and com- 

' , ’ ‘ 1 * ' ” . e - single rapid 

■ 's: 

light inocu 

lating wire add a small amount of bacterial growth. The suspension should be 
faintly turbid and when this point is reached, the needle is flamed and then used 

• . • > i • « 

(2) s 

(3) • V ' ; 

original dilution. 

(4) Mount the cover slip on a hollow ground slide with petroleum jelly as m malting 
a hanging drop preparation. No special incubation is necessary, and in a few 
minutes to an hour at room temperature agglutination occurs. 

(5) The preparation may be examrned under the low power objective f or a curdled 
appearance, or under high power or oil immersion objectives for direct observation 
of the agglutinated bacteria. False clumping may occur and is distinguished from 
true agglutination in that in the latter all of the bacteria are gathered in large clumps 
with none about the edges of the drop, but fa/se clumping occurs ttt small aggie- 
gates about foreign particles and around the edge of the drop 

Alncroscopic Agglutination. The titration of agglutinin is carried out in a manner similar 
to the titration of precipitin except, as noted above, with varying amounts of scrum in the 
presence of a constant amount of antigen. 

CO PREPARATION or ANTIGEN' . 

Ca) Inoculate an agar slant culture with the bacteria to be used as antigen, sprea 
ing the inoculum over the entire surface of the slant. 

Cb) After 18 hours’ incubation run about 2 ml of saline solution on die agar slant 
culture. The saline may contain 0.5 per cent formalin if a formalimzed antigen 
is to be used. 

Cc) Rub up the bacterial growth with an inoculating needle or loop to give a 
uniform suspension of the bacteria in the saline. 

Cd) With flamed forceps remove a small piece of cotton from the bottom C s, enJe.) 
part of the cotton plug of the culture tube and drop it into the saline suspen- 
sion . 

Ce) With a sterile pipette push the piece of cotton to the bottom of the S3line, 
taking care to leave the cotton over the pipette opening , 

CO Draw up the bjctcnal suspension into the pipette through the cotton, which 
serves to filter out coarse particles, and add this suspension slowly to the proper 
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slightly virulent, strain of the same bacterial species. Without any attempt to 
recapitulate in detaii, wo may quote a few illustrative examples. 

Wright (1927) studied the response, to tho intravenous injection of virulent pneumococci, 
of rafi bits that had been immunized by tho injection, nt various intervals boforo tho test 
inoculation, of a killed culture of tho same strain, Tablo lit) and Fig. 215 show tho 
results obtained In two rabbits that had been immunized 3 months previously, and in two 
normal controls injected with tho same dose of tho same living culture. Comparison with 
Table 68 and Fig. 2 U will show that tho immunized rabbits dealt with the highly virulent 
culturo in tho same way as tho normal rabbit dealt with tho slightly virulent strain. 

TABLE (It) 

SnowiNo the Number op Pneumococci ter ml. op Circulating Blood at Various Times 
avtf.r Inoculation of a Virulent Strain into Normal and into Actively Immunized 
Rabbits. 



Normal 

Immnnlied. 

Time ulttr Injection 

l(nM>l t S17. 

Rabbit 248. 

RabMt 509. 

Rabbit 300. 

Immediately . . . . . 

S70.000 

1,100,000 

1,000.000 

1,000,000 

5 hours 

1,300 

3,300 

12 

GS 

: 

112.000 

1,053,000 

0 

289 

48 1 

2,800 

Innumerable 

149 

70 

96 1 

Dead 

Dead 

0 

0 


Tho phagocytic reactions that wo have described oro illustrated in Figs. 240, 247 a, 
247b and 248. for which wo ato indebted to tho lato Professor If. D. Wright. 

The reaction In tbo lung capillaries in these immunized animals is illustrated by the 
following figures (Wright 1927) obtained from a film preparation. 


Total number of pneumococci seen S93 

Phagocytoscd by polymorphonuclear cells ..... 297 

rhagocytosed by mononuclear cells 340 

Total phagocytosed 037 

Total outsido phagocytes 256 

In unphngocytoscd aggregates associated with platelets . . . 206 

In free aggregates 53 


Kerby, Holland and Martin (1950) measured the rate of removal of Bact. Jriedlandtri 
slowly infused into the inferioi vena eava. During the first four hours it was, on their 
scale of measurement, of the order of 40 per cent., and was increased to 70 percent, or mom 
when the animals had been actively immunized by a similar perfusion 2 weeks previously, 
or passively immunized w ltli plasma from another immune animal. Specific immunization 
greatly enhances the capacity of tho rabbit to clear the blood of intravenously injected 
rjckettsja? (Bielmg 1949). 

The results obtained when immunized animals ore injected with virulent bacteria 
by other routes — by intrnpcritoneal or subcutaneous injection or by tho mouth— are in 
entice conformity with those described above. An immunized animal reacts to a highly 
virulent bacterium as does a normal animal to one of lower virulence. The exact degree 
of difference in India viour depemls on the grade of immunity that has been established 

We may cite ns further examples illustrating this important generalization about the 
reactions of normal and immune animals the studies of Angevine (1936) on intraderma 
infections by virulent streptococci ; those of Jawetz and Mej er (1344a, h i *ve aha 11 alkcr 
et al, 19531 on the reactions of the guinea-pig to infection by plague bacilli ; and those 
of Downs and hex colleagues on infections of mice and rata with Brucella tulamms 
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and if thought desirable of the general population, exclusion of contacts from 
schools, factories and other places of congregation, and careful observation of all 
doubtful cases of disease. Care should be taken over the treatment of the crusts, 
since they contain the variola virus, and may easily be disseminated in the form 
of dust. 

Inoculated cutaneously into a fully susceptible human subject, vaccinia virus 
gives rise, after an incubation period of 3-4 days, to a papule which on the 6th 
or 7th day becomes vesicular. The vesicle, which is multilocular, umbilicated, 
and surrounded by a red areola, progresses to the pustular stage between the 
10th and 12th days, after which retrogression sets in and the pustule dries up. 
The crust becomes detached about the 21st day, leaving a red pitted scar— the 
so-called foveation — which in the course of years turns white. The size of the 
reaction is dependent on the concentration of virus in the lymph (von Groer 1935). 
A rise in temperature may occur about the 4th day, reaching its maximum about 
the 8th day ; there may also be some enlargement and tenderness of the regional 
lymph nodes. A second inoculation made some years later may be followed by 
the usual primal y type of reaction, or it may be accelerated in its evolution, though 
not in its appearance — vaccinoid reaction — the maximum being reached between the 
3rd and 7th days. In persons recently vaccinated the so-called immune reaction 
is common ; this consists of a papule or shallow vesicle reaching its maximum size 
in 8-72 hours and disappearing without passing through the pustular stage or leaving 
a scar. 


There is some difference of opinion about the interpretation of the immune 
reaction. Broom (1947), who inoculated both fresh lymph and lymph inactivated 
by heating to 05° C. for 30 minutes into the same subjects, found that 110 out of 
119 persons giving an immune reaction to the fresh lymph reacted also to the 
heated lymph. These results suggest that the reaction of immunity is essentially 
an allergic reaction (see also Hitman 1952). For this reason many workers piefer 
the term immediate to immune (Bcnenson 1950). Even this term is inaccurate, as 
the immune vaccinial reaction differs from the typical immediate reaction of t c 
wheal-and-erythema type met with, for example, in hay fever. The best term, « 
think, by which to describe it is the allcigic reaction. Though this reaction may 
persist long after immunity has disappeared, it is nevertheless, true to say J > 
provided a lymph of proved activity is used, an allergic reaction docs P r ^ )a ^ 
mean that the subject possesses a considerable, though by no means ncce? a ari^) 
complete, immunity to vaccinia, and infcrentially to smallpox. Otherwise i ^ 
be difficult to understand why in Broom’s series the proportion of primary reac io 
rose and of immune reactions fell in relation to the length of time elapsin^ i 


previous vaccination. , , . i VinP h 

For human vaccination calf or sheep lymph is generally employe , c f cT in\ 
taken from vaccmial lesions in other animals may' be used satisfactory > ■ ® or 

contamination can be largely controlled by phenol and glycerol (Me ean^ ^ ^ 
by one of the quaternary ammonium compounds (Ducor 1947). s or ? . 
dark below 0° C vaccine lymph should retain its potency for at cas m(jre 

if between 0 and 10° C. for 14 days : if at room temperature (.0 ' J partly 
than 7 days. Of late years two other types of vaccine have been i til ’ IJ( , 0IIit | 

to provide a bactena-frce product, partly to avoid the severe Io al ^ of 1>rl .. 

reactions to which calf lymph sometimes gives rise, and pare 1 . * 

paring a vaccine of constant virulence. The first is the so- 
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glutination, from + or barely perceptible partial agglutination to ++++ of 
complete agglutination with a clear supernatant, while others simply record 
the presence or absence of agglutination with a single -f sign. The agglutinin 
titer of the antiserum is the highest dilution in which definite agglutination 
occurs. 

Complement Fixation. The complement-fixation test is based on the 
observation that complement, a heat-labile constituent of normal serum, com- 
bines with an antigen-antibody complex and is said to be fixed. Since this 
fixation produces no visible change, a hemolytic system, consisting of sheep 
erythrocytes and anti-sheep cell hemolysin, is added. If the complement is free, 
he., has not been fixed, and infcrentially the original union of antigen and 
antibody has not occurred, the erythrocyte-hemolysin complex combines with 
the complement, and visible lysis of the red cells occurs. Conversely, if the 
erythrocytes are not lysed, the test antigen-antibody system has combined and 
fixed the complement, leaving none for hemolysis. This complement-fixation 
test is most often applied in the scrodiagnosis of syphilis, but has proved very 
useful with the rickettsiae. Bacterial antigens fix complement readily. 

The following reagents are required* 

Cl) The antigen antibody system to be tested, either component of which may be 
unknown. 

C2) Anti-sheep erythrocyte hemolysin, prepared by the immunization of rabbits with 
sheep red cells. 

C3) A 2 per cent (by volume of packed cells following centrifugation) suspension of 
washed sheep erythrocj tes in saline. 

(4) A source of complement, practically always fresh guinea pig serum. 

Titration of Reagents Since the test js necessarily quantitative with respect to the : rela- 
me proportions of the various components, the activity of these must be titrated prior to 
the actual test. These preliminary tttrations include. 

Cl ) The titration of hemolysin which is carried out by varying the amount of hemolysin 
in the presence of constant amounts of sheep erythrocytes and complement, the last 
in amounts more than necessary for complete 1> sis. This titration is carried out as 
indicated in the accompanying protocol. The smallest amount, i.e„ highest . dilution, 
of hemolysin required to bring about complete lysis is the hemolytic unit. In the 
final test 2 units in a volume of 0 5 ml. are used in each tube and on the basis of this 
titration the hemolysin is diluted to contain 4 units/ml. 


PROTOCOL OF HEMOLYSIN TITRATION 


Tube 

Number 

Hemolysin 
Dilution 
(0.9 ml.) 

Complement 

I 10 Dilution 
(ml) 

2% Suspension 
Erythrocytes 
(ml.) 

Saline 

(ml.) 

1 

1 1000 

03 

0.5 

1.7 

2 

1.2000 

03 

05 

1.7 

3 

1:3000 

0.3 

05 

1.7 

4 

1:4000 

03 

0.5 

1 7 

5 

1:5000 

0.3 

0.5 

1.7 

6 

1:6000 

0.3 

0.5 


7 

1 8000 

0.3 

05 

\-l 

8 

1 10,000 

0.3 

0.5 


control (9)* 

1 1000 

none 

0.5 


control (10)* 

none 

0.3 

0.5 



* both controls must be negative 
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(3) The greater the area of cicatrix left by the vaccination, the greater is the 
diminution of the fatality rate (see Table 173). 

According to Turner (1905-06), among cases with equal total areas of vaccin- 
ation scarring there is no difference in the amount of protection afforded by 
different numbers of scars. Hanna (1913) at Liverpool, who made observations on 


TABLE 171 


Year. 

Vaccinated. 

UBTacd nated or Doubtful. 

Admitted. 

Bled. 

Case-fatality 

rate 

per cent. 

Admitted. 

Died. 

Case-fatality 

rate 

per cent. 

1901 . . . 

1,282 

127 

99 

461 

165 

35 8 

1902 . . . 

5,663 

578 

102 

2,253 

759 

33 6 

1903 . . . 

245 

7 

2-9 

110 

5 

4-5 

1904 . . . 

289 

14 

4-8 

160 

13 

81 

Totals 

7,479 

726 

97 

2,984 

942 

3157 


TABLE 172 



Admitted 

Died. 

Case fatality 
rate per cent 

With 4 scars or more , . . 

3,139 

171 

6-4 

„ 3 

1,902 

171 

9-0 

„ 2 „ 

1,442 

184 

12-8 

„ 1 Bear 

930 

168 

17-9 


TABLE 173 


Area ol Scar, 

| Admitted. 

Died. 

Case-fatality 
| rate per cent. 

Area of } Bq. in. or more . 

6,664 

388 

70 

„ > 4 bo. in. but < J sq.in. 

889 

138 

15 6 

„ < | flq. in 

933 

168 



943 vaccinated persons suffering from smallpox, compared the area of fear 
left by primary vaccination with the severity of the disease. From the m oim ' 
he gives we have worked out the following average figures : 


Modified discrete, and discrete 
Profuse discrete, and semi-confluent 
Confluent and death . 


0 728 S'] in- 
0 670 sq in- 
0-456 sq. in- 


These figures support those collected by Cameron and others in ghou ing 
relationship between the area of scar tissue and the seventy o ie 

(4) In vaccinated persons the fatality from smallpox increases "J 1 r r0 . 

of time elapsing since vaccination Table 174 affords a comparjson, ^ ^ ft 
spect, between vaccinated and unvaccinated persons low » cc ;„ a t c d per-onS 
very different age-grouping of admissions in vaccinated ana un\a 
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PROTOCOL OF COMPLEMENT TITRATION 


Tube 

Number 

1 30 Dilution 
Complement 
Cml.) 

Saline 

Cml) 

Hemolysin 

4 Units/ml 
(ml.) 

29r Suspension 
£ry throcytes 
(ml.) 

1 

0 10 

1.9 

0 5 

0 5 

2 

0 15 

19 

0 5 

0 5 

3 

0.20 

1.8 

0 5 1 

05 

4 

0 25 

1 8 

05 

05 

5 

0.30 

1.7 

0 5 

05 

6 

0.35 

1 7 

0.5 

05 

7 

0 40 

1.6 

0.5 

0.5 

8 

0 45 

1.6 

05 

0.5 

9 

0 50 

1.5 

0.5 

05 

control (10)* 

000 

2.5 

00 

0.5 


* control must be negative 


(2) The complement of fresh guinea pig serum is similarly titrated, using variable 
amounts of complement in combination \\ ith constant amounts of ery throcytcs and 


ment fixation test 2 full units in a volume of 1 0 ml are used m each tube. The 
reason for the excess amount is that some complementary acti\ lty is lost during the 
time allotted for fixation, even if no fixation occurs, and the test is sufficiently 
sensitive even with this slight excess. 

(3) Certain properties of the antigen arc pertinent to the test and must also be deter- 
mined by preliminary titration. These properties include anticomplcmcntary ac 
tivity, i.c., inhibition of the action of complement, hemolytic activity, and binding 
power for complement The titration of these is shown in the accompanying proto- 
col In general, the binding power of the antigen should be at least 10 times its 
anticomplcmcntary action, and in the final test not more than one third of the 
amount of antigen found to be anticomplcmcntary may be used It is self-evident 
that the antigen must not l>sc red cells in the concentrations used in the test. 

Procedure of the Test - 

(1) Inactivate the test scrum, t.c , destroy anv traces of complement in it. by heating 
to 56“ C. for 15 to 20 minutes, and dilute 1 5. and distribute in three 1 5 x 100 mm. 
test tubes as indicated in the accompan>ing protocol Bring the total volume in 
tubes 2 and 3 to 0 5 ml. bv adding 0 25 and 0.375 ml of saline respectively 

(2) Add 0 5 ml. of antigen, diluted to contain 20 complement fixing units per ml. to 
each tube. 

(3) Let the mixture stand at room temperature for 10 minutes. 

(4) Add 1 0 ml. of complement, diluted to contain 2 full units per ml., to each tube. 

(5) The mixture ma\ be incubated in a water bath at 37“ C. for 1 hour, or stored in the 
refrigerator overnight and warmed in the water bath for 10 to 15 minutes before 
proceeding « ith die rest die following day This time interval is allowed for fixation 
of the complement bv the antigen antibody complex, and the latter method is re 
ferred to as "ice l#w fixation." 

(6) Add 0 5 ml of liemolvwn diluted to contain 4 hcmolvtic units per ml to each tube 

(7) Add 0 5 ml of a 2 per cent suspension of washed sheep erythrocytes to each tul»e. 

(8) The appropriate controls of the scrum, antigen, hemolytic system and enthmeyu 
suspension arc indicated in the protocol, and must he ineliiJeJ. 

(9) Incubitc in a water bath at 37* C. for 15 to 60 minutes. 

(10) Read the hemolysis as complete ( 4 . 4 .++), partial ( + 4-4-. d +, +, or 
negative. 
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VARIOLA AND VACCINIA 


after birth to enable the passive immunity received from the mother to wear off 
(Beclcre 1936). (For general discussion of vaccination, see Greenwood 1930 
1935, Report 1931, Russell 1941, Robinson 1941, Stevenson 1944, Downie 19516)* 

Complications of Vaccination.— Of the complications that may follow vaccina- 
tion, suppuration is one of the commonest, and tetanus one of the most serious. 
Owing to the use of- calf lymph, which cannot be satisfactorily sterilized, the intro- 
duction of micro-organisms into the wound is inevitable, but it is very difficult to 
say bow often the calf lymph is responsible, and how often uncleanliness on the 
part of the operator, or during the after-treatment. Occasionally, as at Malmo, 
severe necrotic lesions may occur owing to the presence of pathogenic staphylococci 
in the lymph (Magnusson 1932, 1933). It may be noted that foot-and-mouth 
virus has been found occasionally in specimens of calf lymph, though there is 
no evidence that its presence excited any unfavourable reaction in vaccinated 
children (sec Gildcmeister 1931, Gildcmeister and Helm 1932a, 6). 

Tetanus is a very rare complication ; thus in 1904-13 in the United States, 
31 million lymph doses were inoculated into human beings, and only 41 cases 
of tetanus were observed. Infection in these cases may be carried by the lymph ; 
but tetanus occurs only in those cases in which a protective shield or dressing 
strapped to the arm has been applied. Vaccination insertions treated openly 
have never been followed by tetanus (Armstrong 1927). 

Generalized vaccinia is a serious complication, which is estimated to occur in 
1 out of every 30,000 subjects vaccinated. Persons with chronic skin lesions are 
said to be specially susceptible. The disease varies from a mild rash with a few 
scattered vesicles and little constitutional disturbance to a severe variola-like 
disease with tracheitis, general glandular enlargement, widespread affection of the 
skin, and a rapid course to death. The case fatality is said to be 30-40 per cent, 
(see Ross 1941) 

Another complication, which is very serious, is post-vaccinal encephalomyelitis. 
The first case of this to be studied in detail was by Turnbull in 1912, but it was 
not till the publication of Turnbull and McIntosh’s report in 1926 that serious 
attention was drawn to the subject. Clinically, after an incubation perio ° 
10-12 days, with a range of 2 to 28, there is a rapid onset followed by e 

course, the symptoms being cerebral rather than spinal (Report 1928a) 1S ^ 

logically, the lesions are widely distributed in the grey and white matter o ^ 
brain and cord and are characterized particularly by extra- vascular parenchyma o 
infiltration with large endothelial and glial cells and by perivascular areas o 80 e . 
ing or demyclination (McIntosh 1928). The incidence varies in different cos j^ * 
and at different ages (Stuart 1947-8, Conybeare 1948, Greenberg and Appe rpjlt 
1948), but exact figures are difficult to obtain. The figures quoted y 1 e 
observers range from about 1 in 1,000 to 1 in 100,000 vaccinated persomc.^^ 
incidence rate is very low in infants under 1 year of age ; it reaches its 
during the school period, and declines again in adult life On the ot er an^ 
case-fatality rate is usually highest in infants, intermediate in schoo c i 1 \ ave 

lowest in adults The average for all ages is about 50 per cent os £ 0 jj owe( J 
occurred after late primary vaccination, but sometimes the disease 8 ^jj ere 
revaccination— usually performed several years after primary vaccina m reac tion 
seems to be no constant relationship between the severity of the xac c0IT1 - 

and the liability to develop the disease The best, method of P re '’™ J ontls old, 
plication is to perform primary vaccination when the intant is 
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Laboratory Methods for the Study of Bacteria 


2% Suspension 
Erythrocytes 
(ml.) 

in IMMn l/l l/J 

O O O O O O 

1A VI 

O d 

o' o' o' d o' o 

in tn 

d O 

Hemolysin 

4 Umts/ml. 
(ml.) 

o o o o o o 

o o 

t/i in i/i i/i i/i vi 

ddoddo 

0.5 

0 

| jtjSrujDAO joicjohujoj u; diojs jo motj i joj '3 

Saline 

(ml.) 

tn 

n rft t- IA >0 -O 

oooooo 

1.0 

1.4 

in in rC <(| 

onmmn-T 

odoodd 

0.45 

1.75 

Complement 

1 . 10 Dilution 
(ml.) 

w wro wmro 
oddodo 

o o 

iflrflmmrfim 

ddoddo 

3 ° 

it 

ls S 
< 2- 

oooooo 

o o 

in in m tn in in 
NNNNrjN 
oooooo' 

0.25 

0.25 

* 

g 

|e 

C W 
< 

in *t- to rj ™ o 

oooooo 

d o 

in 

lnN^QOO 

oddodo 

o o 

Tube 

Number 

nrltflitvuD 

t-» 00 

012^^22 

in iO 

Property 

Tested 

Anticomple- 
nicntaty Actw- 
ity 

Hemolytic 

Activity 

Complement- 
binding power 

'O 

is 

s 


The amounts oE antigen and antiserum given here are arbitrary ami mil vaty with individual preparations 
This control should show complete hemolysis 
This control should show no hemolysis 
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THE ANIMAL POXES 


analysis. There is however no doubt that these viruses are all very alike, and arc 
able to afford almost complete cross-protection between each other (see Borrel 1903 
Bose 1903, de Jong 1917, Zmck 1921, Toyoda 1924, von Wasielowski and Winkler 
1925, Ledingham 1926, Findlay 1936). 

One interesting property of the pox viruses is their power to give rise in certain 
hosts -sheep and fowls particularly — to tumours characterized by epitbebomaious 
proliferation superficially resembling neoplasms. 

Cow-pox is a mild disease affecting the teats and udders. In its clinical form 
it is not very common, though there is reason to believe that the virus often gives 
rise to subclinical and latent infections. The disease is transmissible to man, and 
in unvaccinatcd persons generally runs a more severe course than that characteristic 
of vaccinia. The contents of the vesicles both in man and animals may be blood- 
stained. Histologically, strongly acidophilic compact intracytoplasmtc inclusion 
bodies are seen in the epithelial cells differing from those of vaccinia and variola. 
Minor serological differences can be demonstrated between cow-pox and vaccinia 
virus, but each protects against tbc other and against variola (see Downie 19516) 


Sheep-pox, known in France as la clavclcc, is of some economic importance. 
It was studied by Borrel in 1903 who noted the occurrence of distinctive cellular 
bodies in tbe lesions, and showed that the causative agent was able to pass through 
coarse Chambcrland filters. The virus was cultured by Gins and Kunert (1937) 
on the chorio-allantoic membrane of the chick embryo. 

Tbe disease, which runs an acute febrile course, is characterized by the develop- 


ment of a vesicular eruption, later becoming pustular, on the more exposed parts 
of the body. Infection can readily be transmitted to normal sheep by inoculation 
with the serous fluid contained in the loculated vesicles. The case fatality of 
the natural disease is very low. Post-mortem examination of fatal cases reveals 
the presence of generalized lesions. The lungs contain multiple, small, dense, 
spherical nodules, hyaline in appearance with a central opaque spot; they are 
commonest near the pleural surface. Similar, but less obvious, lesions arc a so 
seen in the liver and kidneys. Prophylactic inoculation with a sensitized vaccine 
is widely practised in France (Bridre and Boquefc 1923, 1933). Inoculation wi 
vaccinia virus is said to protect sheep against Bheep-pox (Gins and Kunert 

Rabbit-pox was studied by Pearce and her colleagues (Pearce ct al K® > 
Rosahn el al 1936a, 6, Hu el al 1936). The virus is filtrablc through 
candles ; it is antigemcally related to tbe vaccinia virus, but not to Virus 
p, 2141), or the virus of infectious myxoma (sec p. 2243) ; and it is able to in 
‘guinea-pigs, mice, calves, and probably rats. , . 

Infectious Ectromelia or Mouse-pox is a disease of mice first described by 
(1930) at Hampstead. It occurs in an acute form characterized by the P r ^ 
of visceral lesions, in a chronic form characterized by necrosis of the ce » ^ 

a latent Bymptomless form. In the chronic form one of the feet becomes 
and cedematous, and serous fluid escapes from the surface, forming mmu 
The disease may retrogress, in which case the foot becomes gangrenous an ^ 
offlcaving healthy tissue behind ; or infection may spread to another oo , . a j s 

or the mouth, and lead to the death of the animal. In the acute * orn j. „ j n 
die without any external lesions. Post mortem the liver may .. focal 
colour, or it may be red and mottled due to the presence of email wi 
of necrosis. The spleen is slightly enlarged, and may show larg 
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CONTAGIOUS PUSTULAR DERMATITIS OF SHEEP 

sequence of events may probably be accepted as a prototype for the behaviour of 
the variola virus (see p. 2112). 

Fowl-pox requires separate consideration. According to Doyle (1929) three 
clinical forms may be recognized : (1) wart-like nodules on the comb, wattles, and 
skin of the head ; (21 adherent, yellow, cheesy membranes in the mouth ; (3) a 
watery or muco-purulent discharge from the eyes and nose ; this form is’ some- 
times referred to as “ roup.” One, or any combination, of these forms, may be 
present in the same bird. 

The fowl-pox virus is said to be brick-shaped and slightly larger than vaccinia 
virus, measuring about 332 x 2G4 m ft (Boswell 1947). Though Toyoda (1921) 
maintained that by passage through rabbits the fowl-pox virus could be converted 
into the vaccinia virus this seems very doubtful (Findlay 1928). Both in its patho- 
genicity and in its serological reactions it seems to be less nearly related to vaccinia 
than are the mammalian pox viruses. In the lesions of fowl-pox so-called Bollinger 
inclusion bodies, and Borrel elementary bodies, corresponding to the Guarnieri 
corpuscles and the Pasclicn bodies of vaccinia, can be found (see Ludford and 
Findlay 192G). 

For protection against the disease pullets may be vaccinated during the first 
4 or 5 months of life with virulent fowl-pox virus (see Beaudette 1949). Alterna- 
tively the pigeon-pox virus may be used. Doyle and Minett (1927) found that 
pigeons were resistant to fowl-pox but that fowls were susceptible to pigeon-pox. 
They obtained evidence moreover that pigeon-pox protected fowls against fowl-pox. 
The vaccine is prepared with dried pigeon-pox crusts suspended in glycerolated 
saline. The advantage of this vaccine is that it can be used at any time of life- 

Kikuth and Gollub (1932) described a disease of canaries, which appears to 
be canary-pox. It was studied by Burnet (1933) and Burnet and tush (1936a), 
who found that the clinico-pathological picture differs from that of fowl-pox, but 
that the viruses of the two diseases are antigenically closely related. 

Contagious Pustular Dermatitis of Sheep 

Contagious pustular dermatitis or Orf (from a Saxon word for cattle) is 
infectious disease of sheep. It occurs not infrequently in this country and Aus ra «■, 
and has been described by several workers on the Continent (for references ^ 
Glover 1928). It is probable that natural cases occur also amongst goa s. 
disease varies in severity : in the mild form there are pustular lesions on ^ ^ 
and surrounding tissues ; in the severe form lesions occur on the oral m ^ CO?3 ^ on3 
vulva, the cornea, and on various other parts of the body, particularly t otto ^ 
of the coronet and the tail Sheep of any age may be attacked, but t e ^ (u j ar 
commonest in weaned lambs up to 1 year old. Experimentally vesico P 
lesions can be produced by scarification of the thighs of normal lambs, or 
dermal inoculation of the lip with a suspension of dried crusts from entar ^ 
lesions ; the crusts generally prove active in a dilution of V 50 ^ • se j9 no t 

bodies may be found in the vesicular fluid (Lloyd et al. 1951). e d t0 { jj e 

readily transmissible to laboratory animals, but some strains car iM a * ^ 

rabbit, in which they produce a papillomatous form of lesion centrifugal 

causative virus is of much the same size as that of vaccinia - » > wlt hstand3 

method it appears to be at least 150 m/t in diameter (Selnic 1 b 



Chapter 3 


MORPHOLOGY, CELL STRUCTURE, GROWTH AND 
CHEMICAL COMPOSITION OF BACTERIA 


Bacteria are widely distributed over the surface of the earth— in the soil, in 
the sea and m fresh water, and on the bodies of plants and animals. The true 
bacteria constitute only a portion, though a very large portion, of this vast 
microbial population, the remainder consisting of unicellular protozoa and 
lungi, including yeasts, molds and actinomycetcs. This microbic population 
tar exceeds, in point of numbers of individuals, that of all macroscopic plants 
and animals combined. So ubiquitous are the bacteria that there arc few places 
to which man has access where they may not be found. They arc present in 
the upper atmosphere and deep in the earth and sea. With the exception of 
certain obvious places such as the interior of active volcanoes, they may be said 
to occur universally over the surface of the earth. The shin of animals is cov- 
ered with, and their gastro-intestinal tracts contain, tremendous numbers of 
these organisms. It is often stated that bacteria arc absent from the tissues of 
healthy animals, but it appears that this is not always true. 

As the discovery of this microbic world necessarily awaited the develop- 
ment of optical systems which made bacteria visible, so the structure of our 
knowledge of these organisms is built upon concepts derived from direct ob- 
servation. Although the morphology of bacteria will not carry us far in their 
taxonomy, nor will it give us any insight into their physiological activities, 
nevertheless knowledge of the size and shape of these microorganisms, their 
internal and external structures, their processes of division and other charac- 
teristics determinable by direct observation, is the solid foundation upon wfich 
bacteriology rests. 

Size. Different kinds of bacteria vary considerably in size. They arc ordi- 
narily measured in terms of microns ( ft). The micron, a unit of the metric 
system, is 0.001 millimeter or roughly 1/25,000 of an inch. The average bac- 
terium of rod shape measures about 2 p in length and 0.5 p. in diameter. 
One large spherical bacterium has been described that measures about 2 fx 
in diameter; the most common microbe found in suppurative processes is a 
spherical bacterium about 0.8 /* in diameter. The largest bacteria belong, as a 
rule, to the group of spirally twisted or screw-shaped forms 1 ; one of these- 
hos been found to measure as much as 3 5 p in diameter. Perhaps the largest 
pathogenic bacterium is the spirochete of relapsing fever, which m3y measure 

1 A bacillus (13 bwtschht), however, studied by Schaudinn (Arch. f. Protistenl., 1902, 
I. -306) measures from 50 to 60 n in length and from 4 to 5 ft in width. 

2 SpirtUum colossum (Centralbl. f. Balt, 1902, Abt. II, 9 608). 
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1104 MECHANISMS OF SPECIFIC ANTIBACTERIAL IMMUNITY 

(Bouns el nl. 11)40, Iiuclielc and Douns 1040, Downs nml Woodward 1010). It applies 
not only to clearance from tile Wood, Imt also to disappearance of the bacteria from the 
viscera nml the lymphatic system. 

Tho immunity with which wo are here concerned is, it should be noted, strictly specific. 
Tbo influence of non-specific factors on immunity is considered in Chapter 52, 

The Passive Transference of Antibacterial Immunity.— The increased resistance 
that an actively immunized animal enjoys in virtue of the increased efficiency of the 
defence mechanism considered above can be passively transferred from an im- 
munized to a normal animal by injecting into the second the blood serum of the first. 

It follows that we must regard the mechanism by which virulent bacteria 
ore disposed of, when once they have gained access to the tissues of an immunized 
animal, as an integrated system of cellular reactions conditioned by the presence 
of specific antibodies in the blood or tissue fluids. 

Again, a few examples will suffice. 

Bull (lOlSn, 6) found that, in a rabbit in which a bactcnomia had been established by 
the intravenous injection of pneumococci, tho bacteria were removed from tho circulation 
within about IG minutes after tho intravenous injection of 0-2-0 G ml. of antipncumococcus 
scrum per kilo-body-weight of tho rabbit. 

Wright ( 1027) Bhowed that tho clearing mechanism of a normal rabbit could bo rendered 
highly effective against virulent pneumococci by tho intravenous injection of tbo serum 
of an actively immunized animal. Tho results of one such experiment are set out in 
Table 70 and Fig. 210. Hie tun pas-nacly immunized rabbits each received 1 ml. of 
the rerun) of an nctmd> immunized rabbit 1 hour before tin* test dose of culture. It 
will lx- noted that the normal animat died between the fith and 21th hours, so that the 
expected secondary rise in the number of bacteria was not observed. 


TABLE 70 


Sitowino tuf, Numrers or Pneumococci rr.n ml. or Cikculatino Blood at Various Times 
AFTER ISOCOLVriON OF A VIRULENT STRAIN INTO ONE XoRUAL AND TWO PASSIVELY 

Immunized Rabbits. 






Time aftrr Injection. 

NormM 

Foas, Imm. l. 

Foss. Inm». 2. 

Immediately . 

2,300,000 

2,300,000 

2,000,000 


43,000 

2 


24 „ 

Dead 

8 

14 

49 „ 




96 

- 

0 



Mamraring and Coo (1914) perfused a normal liver with a dilute suspension of pneumo- 
cocci, with and without the addition of an antipneumococeal scrum, and found that the 
retention of pneumococci w’ithm tho liver capillaries was pronounced in tho former cases 
but very slight in the latter. 

There are many earlier observations of an analogous kind. 

Bordet (1897) showed that an ontistreptoeocenl serum would protect a guinea-pig 
against the intraperitoncal injection of a lethal dose of living streptococci. y wi 
drawing samples of the peritoneal exudate at various intervals after the inoculation, ho 
was able to show that tho recovery of tho passively immunized animal was associated 
with a greatly increased degree of phagocytosis, mainly by tho polymorphonuclear colls. 
By a very ingenious experiment ho demonstrated that the relatively s ig t egrcoo p 2 
evtosis in the peritoneal exudate of the normal animal could not bo ascribed to an absence 
of activity on the part of tho leucocytes. If a suspension of Proteus aci 1 was inje 
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up to 40 n in length. One of the smallest of the well-known pathogenic forms 
is the so-called “influenza bacillus,” which is about 0.5 p by 0 2 p. 

Not only does the size of bactena vary considerably from species to species 
but there is also great variability within a single species— much greater than 
one finds among many other forms of life. The bacillus of typhoid fever is 
found to range from 1 to 3 /x in length even when the descendants of a single 
cell, living under substantially identical conditions, are examined 

There is reason to suppose that still smaller organisms may exist. The in- 
fective agents of smallpox, infantile paralysis and a number of other diseases 
cannot be seen with the ordinary microscope and are so small that they will 
pass through filters that remove all known visible bacteria. These infective 
agents— known as the viruses or filterable viruses— are believed by many to be 
minute living organisms incapable of multiplication except in the presence of 
living host cells It is open to question as to whether the viruses are related 
to ordinary bactena. Measurements made by means of filtration through 
graded collodion membranes, which allow particles of known size to pass, 
indicate that the particles of certain viruses are as small as 0.01 p m diameter. 3 

The mitochondria of living cells have been supposed by some investigators 
to be symbiotic bacteria, visible forms which are parasitic on the host cell as 
the viruses apparently are However, microchemical and physical differences 
between bacteria and such structures render such a supposition unlikely. 4 

Morphology. For practical purposes the morphology of bacteria is best 
considered under two heads: the morphology of individual cells and groups 
of cells, or microscopic morphology, and the morphology of large aggregates of 
cells in bacterial colonies, macroscopic or colonial morphology. The individual 
cells differ in size, shape and other structural details, features which can be 
determined only by the use of high magnification Colonies or masses of cells 
that develop on the surface of solid media often present peculiarities of 
form, color, consistency and the like which are apparent upon examination 
with the naked eye or low power lenses. As will appear, there is a relation 
between colonial and cellular morphology. Analogous differences may be ob- 
served between masses of larger objects which are associated with the appear- 
ance of the single objects. A giovc of oak trees viewed from a distance too 
great to permit identification of the individual trees will still appear unlike a 
grove of pine trees 

Shape. With respect to shape, bacteria exist in three principal types the 
spherical or coccus form; the rod-shaped form known as the bacterium or 
bacillus, and the spiral forms, the various subtypes of which are designated as 
vibrio, spirillum and spirochete. 

Coccus The cocci may he subdivided on the basis of the positions which 
the individual cells tend to take with respect to one another. Such groupings 
arc primarily a result of the planes in which cell division takes place and the 
behavior of the daughter cells after division is complete. Those organisms 
which separate completely after cell division and appear singly and scattered 
at random over the microscopic field arc designated as micrococci. In some 

'The millimicron CnvO ls often used as the unit for such measurements. One $i is 
ctjuvl to 1000 mu. 

* Gmdi} ami Oht*lv Jour. Exp. Me«l., 1922, 36 521. 
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HERPES SIMPLEX 


Budding h and Dodd (1044) describes} a form of stomatitis in infants characterized by 
numerous fine vesicles on the mucosa of the tongue and gums sometimes associated with 
diarrhoea and caused by a virus differing from that of herpes. 

Inoculation of the fluid from a herpes vesicle on to the scarified cornea of a 
rabbit lends to the development of a severe keratitis, which can be propagated 
indefinitely by passage, If fluid is taken from an early keratitis in the rabbit, it is 
possible to produce with it specific lesions in a number of different tissues, such as 
the skin, buccal mucosa, trachea, liver, adrenal, ovary, salivary glands, brain, and 
spinal cord (Goodpasture and Teague 1923-24a, Urbain and Schaefer 1927, Smith 
1931a). Intracutancous inoculation of human vesicular fluid produces in the 
rabbit an insignificant papular eruption, but onco it has become adapted to the 
rabbit’s tissues, the virus gives rise to a local herpetic lesion ; this method is of 
considerable value in the titration of infective material. Direct inoculation of 
human vesicular fluid on to the pad of the guinea-pig’s foot is uniformly followed 
by the development of local vesicular lesions (Bcdson 1931). A certain proportion 
of rabbits inoculated on the cornea develop, after a few days, a fatal encephalitis, 
characterized by widespread small-celled infiltrations, intense nerve-cell degenera- 
tion, and diffuse proliferative changes of some of the fixed elements of the tissue 
affected (da Fano 1923). Direct intracerebral or subdural inoculation of vesicular 
fluid into rabbits gives rise to a mcningo-enccphalitis which proves fatal in about 
5 days, and which is transmissible in series to other rabbits by inoculation of the 
brain suspension. 

Rabbit brain is highly infective, but its infcctivity can bo increased by homogenization 
—a process which probably acts by disintegration of the cells and liberation of the virus 
particles in a freo form. Freshly homogenized virus may prove fatal on intracerebral 
inoculation into rabbits in 12-30 hours, and even one ten-millionth of a gram of infected 
brain tissue may kill tho animals within 6 days (Buggs and Green 1930). 


Experiments with monkeys have not given uniform results, but according 
to Teissier, Gnstinel and Reilly (1925) cutaneous inoculation in Callithrix may 
result in the development of vesico-pustules, though often merely small papules 
appear. Corneal or intracerebral inoculations were without effect. 

The virus can be passed from rabbits to mice by intracerebral inoculation with the 
brain of a rabbit Buffering from herpes encephalitis, or with tho ground-up me 1 a 1 ^ 
membrano of a rabbit in which tho comcal reaction is well established (Stcigman an 
Scott 1942). Encephalitis develops in 3-10 days. Infection can bo maintaine m 
nitcly by passago through mice (Andcrvont 1929). With a neurotropic strain, cu an ^ 
inoculation or intranasal infection of mice gives riso to encephalitis (Gildcmcis or 


Alilfcld 1930, Berry and Slavin 1943, Slavin and Berry 1943). 

The herpes virus can be grown easily in tissue cultures, ono of the 
media being rabbit testis (Parker and Nye 19256, Gildemeistcr et al. 19 > 
19316). It can also be adapted to grow on the chorio-allantoic membrane . 
developing chick embryo. Since pocks arc formed on the membrane, t ns ni ^ 
lends itself to the titration of virus and of neutralizing antiserum (Burne ^ 
Burnet and Lush 1939a, Shaffer and Endcrs 1939). In the vesicular m i 
virus is present in the form of elementary bodies, which can be stame y ^ 

means (Tanigucbi et al. 1934). Examination of the corneal lesions » ^ 

during the first 24 hours reveals the presence of large numbers of aci P 302 ). 
nuclear inclusion bodies — referred to as “ a-bodies ” by Lipscmitz ( 1 
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species, however, there is a tendency for the individual cells to remain in pairs, 
and one may observe such pairs intermingled with individual cells. These 
organisms are called diplococct. When this pairing tendency is marked as, for 
example, in the gonococcus, the individual cells may not be perfectly spherical 
but exhibit a coffee bean shape with the concave sides facing each other. Often 
coccus forms tend to remain together in sheets or irregular clusters resembling 
bunches of grapes. Those which assume this grouping are termed staphylo- 
cocci. Division in two or three planes is, of course, necessary to the formation 
of such groups. Other coccus forms divide in only one plane but tend to remain 
together, the result being a chain of cocci. Organisms forming such chains arc 



Fir 2. Electron micrograph of Streptococctis pyogenes . Note the manner in which the 
individual cells remain attached to one another following fission, and the tendency of the 
chains to be made up of attached pairs of cells. (SAB No. 71.) 


called streptococci. Still other cocci divide in three planes and remain to- 
gether to form cubical packets of eight cells These organisms are the sorem, e. 
Not all the cells m a given microscopic field will appear in characteristic 
groups. Many organisms may be found singly, presumably those which have 
broken away from the parent group. Chain formation by streptococci is in- 
fluenced by the medium upon which the organisms have been grown. The 
acid-producing streptococci of milk, for example, show long chains in milk 
culture but when grown in nutrient broth may show only a few short chains. 
In smears of pus or similar material, however, the coccus forms are usually 
found m their characteristic groupings. Of the coccus forms having definite 
grouping, the staphylococci are the most consistently characteristic under the 
microscope. 

Bacillus. The morphology of individual rod-shaped bacteria differs consider- 
ably from species to species Not only is there variation in size but the shape 
of the individual cells differs. Some bacilli have sides more or less parallel 
with one another but rounded ends. Others have quite square ends which 
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and Burnet and Williams {1939), working in Melbourne, found neutralizing anti- 
bodies present in over 90 per cent, of children and adults of the hospital classes 
but in only about 50 per cent, of members of the higher social classes. This they 
explain liy the greater frequency of primary herpetic stomatitis in early life among 
children of the lower classes. Since recurrent herpes affects persons whose blood 
serum contains neutralizing antibodies, it is assumed that the virus persists in the 
body tissues— probably in the mouth (Scott and Steigman 1941)— anci that immunity 
is to a considerable extent non-specific. The failure of the antibody to afford 
protection is curious. Herpes febrilis constitutes, in fact, one of the most striking 
exceptions to the general rule that filtrable virus infections usually leave behind 
them a solid and lasting immunity. A skin reaction that is said to be positive 
in persons subject to recurrent attacks of herpes was described by Nagler (1944). 

Keratitis herpetica of human beings was shown by Griiter in 1912-14 to he 
transmissible to rabbits by inoculation of the scarified cornea. This observation 
was confirmed by huger and Lauda (1921), who found, histologically, alterations 
m cellular structure similar to those in herpes febrilis. These consisted of giant- 
cel! formation, the characteristic ballooning degeneration of Unna, and bodies 
which they considered to be due to a specific degenerative reaction of the nucleus, 
but which Lipschutz regarded as inclusion bodies. 

Herpes genitalis has likewise been shown to be transmissible to rabbits, but the 
keratitis set up by the genitalis virus is much less severe than that set up by the 
febrilis virus. Similarly, on subdural inoculation the genitalis virus is less virulent ; 
by this route the febrilis virus uniformly produces encephalitis in rabbits, fatal in 
4 to 6 days ; the genitalis virus docs not uniformly produce encephalitis, and, 
when it does, the rabbits do not die for 5 to 17 days (Blanc and Caminopetros 1924) 
Lipschiitz (1921) succeeded in transferring genital herpes to human beings. Both 
m the human lesions and in the rabbit’s comea, he found nuclear inclusion bodies 
of the so-called /9-type present in large numbers ; they are best looked for in the 
rabbit’s cornea on the 3rd day after inoculation. He was unable to produce im- 
munity to the genitalis virus by inoculation of the rabbit’s cornea with the fe n is 
virus. He therefore regarded the two viruses as distinct. 

Herpes zoster. 

Herpes zoster differs clinically from herpes febrilis in forming large vesicles t 
bull®, in occurring on the trunk, in being almost always unilateral, in being acC 
panied by sharp neuralgic pains, in being distributed along the course o se ^ er 
nerves, and in being non -recurrent. Experiments made to ascertain w 
zoster is transmissible to animals have given most conflicting results, 

Lipschutz (1921) claimed to have produced keratitis in rabbits with mafe ^^ oun( j 
3 out of 7 cases of zoster. Botli in human lesions and in the rabbit a cornea 
acidophilic nuclear inclusion bodies, which be called “ zoster bodies. n . cu j at j on . 
cornea these bodies were present in greatest numbers on the 4th day a t * ^ich 
The keratitis, when it did develop, was mild, and consisted of small roun veS j- ^^titz 
did not appear till the 4th day, and which after a few days tended to ^? r . eS3 '. tg jj ef pes 
(1924-25) claimed to have transmitted zoster to infants; in contrama me i ^ t0 

febrilis, in which tho incubation period of the experimental human^ Goodpasture 

48 hours, the incubation period in zoster was 12 to 15 days. Teague a ^ herpes 
(1923-24) obtained some evidence that tho zoster virus differed ro ® at j g f aC tory 
febrilis mainly in its degree of virulence, but their experiments were no 
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appear to have been cut off sharply Still others assume a highly elongated but 
oval shape. These last, when short and thick, are often called coccobacillt. A 
given shape is relatively constant within a species although the length-width 
ratio may vary considerably. The groupings which the cells may assume are a 
result of post-fission movements, for the plane of division varies rarely if at 
all. The tendency to remain attached, end to end, resulting in the formation 
of a chain of streptobacilh, is more or less constant for some species but is 
observed only occasionally in many species. Other groupings of these cells 
result from the movements of the bacilli after division is complete. Some tend 
to slide together side by side, a movement known as slipping, which results 
in the formation of palisade-like groups of cells Still others, in a movement 



Fir. 3. Electron micrographs of gold-shadow-east preparations of Bacillus subtihs and 
StrtpJo lococcus aureus. The shadow cast preparation illustrates particular!;, well the oc- 
currence of staphylococci in clusters of attached cells The cap at the ends of the bacillus 
and a single flagellum arc shown (Lilly Research Laboratories.) 

known as snapping, bend sharply at the point of division to an acute angle 
and present a V-shaped appearance. When this type of movement is associated 
with a tendency’ for the bacilli to remain attached end to end, chains of organ- 
isms resembling a split rail fence may result. Such snapping often results in 
breakage of a chain of organisms, the parts of which continue to grow in the 
new direction. The groupings assumed bv bacilli arc, however, not as charac- 
teristic as those of the cocci 

The Spiral Forms. The third principal type of bacterial form commonly 
olncrved is that of the spiral or screw-shaped forms. There arc a variety 
of these which may be distinguished morphologically, hut at the moment 
only three main subtypes may be considered. The first of these is the vibrio 
or curved rod Smears of such organisms often show chains which, since the 
organisms curve in alternate directions, suggest a spiral organism It is not 
ddhcult, however, to distinguish between such chains and the truly spiral 
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subsequent observations leave little doubt that they were working, not with 
varicella virus, but with the so-called Virus III (see p. 2141). On the other hand 
the presence of acidophilic intranuclear inclusion bodies in the testicles of vervet 
monkeys inoculated with material from human chicken-pox lesions was probably 
the result of infection with the true varicella virus (Rivers 1926, 1927). 

Amies (1933) described a specific agglutination reaction, using as antigen a 
0-25 per cent, formolized suspension of elementary bodies prepared by the dif- 
ferential centrifugation of human vesicular fluid. Of 55 sera taken from patients 
2-12 days after the onset of the attack, 35 contained agglutinins in a titre of 
1/4-1/256, and 20 gave negative results. Antibodies appear about 5 days after 
the onset, and persist for some considerable time. Convalescent serum has appar- 
ently no prophylactic value (Lewis et al. 1937). 


Relation between Herpes zoster and Varicella. 

A large body of clinical evidence has been produced suggesting that zoster 
and varicella are closely allied diseases. The experimental evidence in favour ol 
this conception has been summarized by Lipschutz and Kundratitz (1925) as 
follows : (1) In infants inoculated with zoster material, apart from the local 
vesicles that develop, a general varicella-like eruption may occur ; (2) children 
brought into contact with infants inoculated with zoster may develop chicken-pox ; 
(3) inoculation experiments with zoster, made on children who have recovered 
from varicella, prove negative ; (4) inoculation experiments with varicella, in 
children who have recovered from natural or experimental zoster, prove negative; 
(5) the serum from patients convalescing from zoster has a protective action against 
varicella ; (6) both varicella and experimental zoster have the same incubation 
period ; (7) similar cytological appearances are found in both diseases. 

On the other hand, there are many differences (Barrett 1938). For example, 
zoster is only slightly contagious : chicken-pox is highly contagious. A leucopema 
with a relative mononucleosis is the rule in chicken-pox, but not in zoster. 
Chicken-pox affords almost complete immunity against chicken-pox, but no 
against zoster. Zoster affords almost complete immunity against zo3ter, but no 
against chicken-pox. Chicken-pox is much commoner in zoster contacts 
zoster is in chicken-pox contacts. Zoster occurs as often in persons with, as w| 1 
out, a history of chicken-pox (see Seiler 1949). , 

The close relationship of the two diseases to each other is supported y 
observations of Netter and Urbain (1924, 1926, 1931), who found a PP arc m 
identical antibodies, demonstrable by the complement-fixation test, in t e se 
of patients with zoster and varicella. Brain (1933), moreover, obtaine 
good fixation with zoster and with varicella vesicular fluids. It has far c ^ 
shown that serum from convalescent zoster patients often agglutinates a sus ^ n<( j on 
of varicella elementary bodies, though to a rather lower titre than a s us P 
of zoster elementary bodies. On the other hand, Hassko, Vdmos and ^ ar j cc ]|.i 
(1938) never obtained complete cross-fixation of complement between ^ 
and zoster sera ; and in a high proportion of sera no cross-fixation occ 
all. As already noted, Goodpasture and Anderson (1944) were a c o c {, or j 0 - 
thc zoster virus on pieces of human skin that had been grafted on o v j ru , 
allantois of tlie developing chick embryo, but failed to grow the c uc en 
under these conditions. The evidence, on the whole, suggests tin* 1 ^ . ctcn 
are caused by viruses that are closely related to each other, am p° 
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organisms. A spiral organism which is rigid, or relatively so, is called a spirit' 
him, while similar organisms which arc flexible are termed spirochetes. Fur- 
ther distinctions, such as the presence or absence of an undulating membrane, 
etc., which are made use of in formal taxonomic schemes, need not concern 
us here (see p. 728). 

Involution Forms. Although the vast majority of bacteria exhibit a 
marked constancy of form during the early stages of the growth of a culture, 
in older cultures aberrant forms such as over-sized cocci, Y-shaned fnrill' ,r v 

forms and fc . ‘ . 

material may ‘ . . 

tive forms wl .... uyiug aim represent varying stages in the dis- 



Fir. 4. Electron micrographs of gold-shadow-cast Bacterium colt from old cultures. One 
intact cell is present, and the remainder show the granulation of dead and disintegrating 
cells. CLilly Research Laboratories.) 


solution of the cell structure. Some workers, however, attach significance to 
such forms and consider them as indicative of the existence of complex life 
cycles. Such irregular bizarre forms may often be produced at will by cultiva- 
tion of bacteria under somewhat adverse conditions of temperature, salt con- 
centration and the like. Morphological variations and their implications are 
discussed at greater length elsewhere (Chap 6). 

THE STRUCTURE OF BACTERIAL CELLS 5 
The structure of bacterial cells, particularly their finer structure, has been of 
considerable interest since these organisms were first studied They arc so 
small, however, that the limitations imposed by the optical system employed 
become of considerable importance. 

5 The cytology of bacterial cells is discussed at length by Lewis - Bact. Rev., 1941, 5:1&L 
and by Knaysi Elements of Bacterial Cytology. Comstock Publishing Co., Ithaca. 19 
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endemic, but outbreaks occur from time to time, occasionally reaching epidemic 
proportions. In the year 1923, for example, 1854 separate outbreaks were reported, 
necessitating the slaughter of 125,098 animals. 

The disease is usually mild, causing a case-fatality rate in cattle of not more than 
2-3 per cent., and a slightly higher rate in sheep and pigs ; on the Continent, 
however, a malignant form sometimes occurs, killing 50-70 per cent, of young 
animals that arc attacked. The importance of the disease lies not so much in the 
deaths to which it gives rise as in the debilitating effect it has on the general health 
of the animals, leading to a fall in milk and meat production. The incubation 
period is 2 to 7 days. Infection usually occurs from animal to animal, the infective 
material coming into contact with the mucosa of the mouth, nose or conjunc- 
tiva, or with an abraded skin surface. Cases of direct infection are easy to 
understand ; the real problem lies in explaining the origin of foot-and-mouth 
disease in animals that have not, so far as can be ascertained, been in contact 
with infected animals. Numerous explanations have been offered of these crypto- 
genic cases. Thus it is supposed by some that infection is carried by con- 
taminated hay, straw, milk, drinking water, clothes, and other objects. In 
support of this, it has been found that the virus may survive on chopped hay 
at room temperature for at least 15 weeks, and on bran for at least 20 weeks 
(Report 1927). Moreover, there is evidence that the virus may resist putrefaction 
for long periods (Report 19286) and survive in offal (see Henderson and Brooksby 
1948). In this way it is possible to understand how infection may lie dormant for 
months in dried discharges or in carcasses of infected animals. That the virus may 
not only remain alive, but may keep its virulence under these conditions, was 
shown by the development of foot-and-mouth disease in a calf fed with hay that 
had been contaminated 1 month previously with infected saliva, and in pigs fed 
on crushed bones from the frozen carcasses of infected animals that had been killed 


several weeks previously (Report 1927). 

Another explanation is that the virus is carried by human and animal agencies. 
Thus it has been suggested: (1) That birds, particularly starlings, may carry 
infectious material on their feet. For this there is a considerable amount of cir 
cumstantial evidence (Bullough 1942, Wilson and Matheson 1952), supported bj 
fact that large epidemics in England and Wales often coincide with sovere 15 _ ea 
on the Continent. Direct evidence, however, is Jacking, and in the nature o ^ 
case would be difficult to secure. (2) That wild rodents may carry the disease an^ 
transmit it to cattle, sheep, and pigs coming into contact with them (see ea 
el al 1928). Many of these rodents arc susceptible to experimental infection, 
practically all experiments designed to test the possibility of natural sprea nm° c 
them have given negative results The virus has, however, been demons ra <■ ’ ^ 

hedgehogs on an infected farm (see McLauchJan and Henderson W17). *P ^ 
mentally, it has been found that healthy hedgehogs placed in contact wi a c ^ a jj 
cattle may themselves become infected, and that a healthy cow place ,n a . 
with infected hedgehogs may’ develop ty’pical foot-and-mouth disease ( ^j r muc0 «3 
(3) That the virus may gain access to, and persist on, the nasophary 
of human beings, who can then act as healthy carriers of the disease ; or 
is a certain amount of epidemiological, but no direct experimental c' M ® n . ^ 

and Hojcr 1920). (4) That infected cattle may remain as chrome 
been found that infective material may persist on the hooves for s 
recovery from the disease, but this appears to be an exceptional oc 
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The Electron Microscope 

The Compound Microscope. With the ordinary microscope objects are 
viewed by transmitted light and therefore must be sufficiently large to cast a 
shadow. This size is approximately half the wave length of the light used. 
The highest numerical aperture that is practical in the objective is 1.4 Such a 
lens, when used with monochromatic light with a wave length of 5460 A 
or 546 m^i, will resolve a particle having a diameter of 0 2 p.. Objects some- 
what smaller than this may be seen in that they are visible but are not 
resolved and neither size nor shape can be determined. Since many bacteria 
arc no wider than 0 2 to 0.5 n the hope of observing intracellular structures 
is a faint one Some workers, Barnard 15 in particular, have attempted to extend 
the limits of resolution through the use of ultraviolet light and quartz lenses 
coupled with "seeing” by means of a photographic plate, but such efforts have 
not added greatly to knowledge. 

The Darkfield or Ultraniicroscope. In the instrument known as the 
darkfield (Dunkelfeld) or ultramicroscope, reflected rather than transmitted 
light is used, objects appearing brilliantly lighted against a black background 
The usual microscope may be used as a darkfield by attaching a darkfield con- 
denser in place of the Abbe substage condenser. The principle is the Tyndall 
effect, perhaps most commonly observed in the appearance of particles of 
dust in a shaft of sunlight in a darkened room. The limit of resolution is not 
increased, however, and while exceedingly small objects arc visible, they 
appear only as brilliant points of light. The use of this type of microscope has 
not contributed materially to knowledge of the structure of the bacterial cell 
except with regard to the mode of action of flagella. It is, however, very gen- 
erally used for the detection and observation of very slender microorganisms, 
especially spirochetes as in exudate from a syphilitic chancre or leptospira in 
the blood from cases of leptospirosis. 

The Electron Microscope. 7 The recently developed instrument known as 
the electron microscope operates on a different principle from the optical 
microscopes in that a stream of electrons is used rather than a beam of light. 
The electron stream is focused by means of magnetic "lenses," and the inter- 
posed object intercepts the stream to cast a "shadow" which is recorded on a 
photographic plate to give an electron micrograph. Untreated bacteria cast 
shadows in the electron beam, or the preparation may be “metal shadowed” 
by the deposition of gold, chromium, etc., at an angle so that the resulting 
micrograph has a three-dimensional appearance. Remarkable resolution is pos- 
sible because of the minute size of the electron and sharp photographs may 
be obtained at magnifications of 30,000 diameters or more Its application is 
somewhat limited in that the object must be prepared as a dry film on col- 
lodion and observed in a high vacuum, in consequence, living organisms can- 
not lx? studied Application of the electron microscope to biological problems 
is still in its infancy but has already contributed considcrabt) to knowledge of 
bacterial cell structure. 

Certain structures of bacterial cells arc, however, of sufficient magnitude to 
l>e seen and studied with the optical microscope. The most olmous of these 
arc structures external to the cell— capsules and flagella. 

•Ilarnard- Lancet, 1025, ii 117. 

1 See Burton and Kohl. The Electron Microscope Its riin.fwmfnl.il fVwcij-fft an, l 
AppUcattom. 2nd cd Heinhold Publivhinj; Corj> , New 1946 
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intramuscular injection of the virus. She found that if one foot was adequately pro- 
tected from pressure by being wrapped in cotton-wool, no lesions developed on this foot 
after intramuscular injection, though typical vesicles appeared on the unprotected feet. 
Moreover, by exposing the feet to unusual pressure, as by keeping the animals in cages 
with a coarse wire-mesh floor, she was able to induce the formation of vesicles on the toes, 
and even on the dorsal parts of the feet — situations in which vesicles do not usually occur. 
The diseaso can readily be passed from animal to animal by inoculation with infective 
material. Complement-fixing bodies may be found in the blood scrum of convalescent 
guinea-pigs (see Krag and Schmidt 1937). 

Rabbits, rats and mico can all be infected, but the experimental disease is less severe 
and less typical than in guinea-pigs ; dogs and eats sometimes prove susceptible; ducks 
can be. infected by inoculation of the virus into the thickened pads of skin under the toes 
(Report 1937). Unweaned white mice are highly susceptible to intraperitoneal inoculation, 
and are even more useful than cattle inoculated into the tongue for the detection of neutral- 
izing antibodies and for revealing antigenic differences between strains belonging to tho 
same typo (Skinner el al. 1 952). The disease practically never spreads from experimentally 
inoculated to normal rodents. Even highly susceptible cattle placed in contact with 
infected guinea-pigs rarely contract the disease. 

Properties of the Virus. — The virus is present in great concentration in the 
vesicle fluid of experimentally infected guinea-pigs ; even when diluted 1/1,000,000 
times it is generally infective for normal guinea-pigs. In the blood, during the 
febrile stage of the illness, the concentration is less, but even this is active in a 
1/1,000 dilution (Report 1927). In cattle during the febrile stage of the disease, 
the saliva, urine, milk and vesicular fluid are infective ; but in 3 to 6 days after 
the appearance of the lesions they lose their infectivity completely. For diagnostic 
purposes, it is therefore important to use fresh vesicular material, not more than 
2 days old (Olitsky el al. 1928). The rapid disappearance of the virus from the 
local lesion and blood of infected animals is one of the most remarkable features 
of foot-and-mouth disease ; within the space of 3 or 4 days as a rule the virus, 
from being present in large quantities, is reduced to such an extent that it is no 
longer demonstrable by experimental methods. , 

Loeffier and Fxosch (1898) in 1897 were the first to show that the foot-awl- 
mouth virus was filtrablc. When present in diluted vesicle fluid, it will pas3 rea * ; 
through Bcrkefold, Chambcrland and Seitz filters. The size of the virus is cstinw c 
at &~12 m f i by Galloway and Elford (1933) using the gradocol membrane tech- 
nique, at 20-25 m/i by Elford and Galloway (1937) and Schlcsingcr and pal«W 
(1937) using the centrifugal method, and at 40 m/< by Barnard (1937) u 
violet photomicrography The suggestion that the A, B, and C varieties a * c 
identical in size (see Modrow 1929) finds no support in the observations of Ga o 
and Elford (1937) The virus was successfully cultivated by Maitland an \ •„ 

(1931) in tissue cultures containing guinea-pig embryo tissue and elotte 
plasma. Seventeen successive subcultures were observed, and a tit re 
1/100,000 was obtained (see also Heckc 1930, Striegler 1933, Kobe an cr 
More recent methods of culture use foetal calf skin (see Fogedby an * 

1947, Zufoaga 1947), or the mucosa of the bovine tongue (Frenkel 19 > * 11 
1951). Growth occurs best in a high concentration of oxygen. 

The virus is very resistant to certain methods of disinfection, though cast J . ftJJ s j;Jf 
by others. Thus when vesicle fluid from the guinea-pig is dried rapt y ° n tompcn ieaPV 
at 37° C., it »s often inactivated immediately ; but if dried slowly at r °° v j r u« 

and kept over IIjS0 4 , it survives for 3 to 6 months. Wien frozen a 
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Capsules. Many bacteria, perhaps potentially all, form a capsule, which 
apparently originates from the outer layer of the cell membrane; in stained 
preparations it can sometimes be seen surrounding the cell like a halo. The 
capsules of bacteria are often one or two times as thick as the diameter of the 
cell itself and may appear to extend continuously over a chain of organisms 
cr completely surround paired organisms such as diplococci. Cultures of cap- 
sulated bacteria are usually slimy and the growth is sticky and viscous. The 
capsular material is generally polysaccharide in nature, though some bac- 
terial slimes may contain mucin-like proteins. Some of these forms may be a 
source of considerable annoyance in the sugar refining industries. The presence 
of a capsule is also associated with the virulence of a variety of pathogenic 
bacteria. Pneumococci, for example, which have no capsule are relatively 
a virulent but when capsulated are highly virulent. Anthrax bacilli are almost 
always foilnd to be capsulated when observed in preparations made from ani- 



mal tissues. The capsule appears to function as a bacterial defense against the 
activity of phagocytic cells of the body. The sheaths of some of the filamentous 
bacteria may possibly be a capsule in somewhat different form. The colorless 
sulfur bacteria which derive their energy through the oxidation of hydrogen 
sulfide to elementary sulfur deposit sulfur granules in their sheaths. Likewise 
the iron bacteria which oxidize iron from the ferrous to the ferric state deposit 
ferric hydroxide in the sheaths surrounding them. 

Flagella. Many kinds of bacteria are observed to be motile under the 
conditions in which bacteria arc usually studied. Some of those forms m 
which motion has never been observed may possibly possess the power of loco- 
motion under certain unusual conditions. Independent bacterial motion is a 
true movement of translation, and is to be distinguished from the oscillating 
or quivering movement (brownian movement) exhibited by all very minute 
particles suspended in water or other fluids. Many bacteria are found to be 
motile when they arc examined after removal from certain culture media, but 
non-motilc if they ha\c been grown on other substances. The colon bacillus, 
for example, is motile when picked from young colonics on gelatin or ag.tr 
but is frequently non-motilc when taken from broth. The rate at which a bac- 
terium mo\cs has been approximately measured. The typhoid bacillus may 
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of neutralizing the vims in vitro ; these can be titrated with considerable accuracy- 
on the bovine tongue (Brooksby 1949). 

Prophylactically, immunity may be produced by the injection of animals with 
a weakly virulent virus, given either alone or in combination with immune serum, 
or by a virus inactivated by suitable means. The practice of using living virus is 
open to several objections. The vaccine that is now used most extensively was 
developed by Waldmann and his colleagues (Waldmann and Kobe 1938, Waldmann 
ci al. 1941-2) by applying the two principles of formol inactivation introduced by 
Vallec, Carre and Rinjard (1926) and of adsorption on to aluminium hydroxide used 
by Schmit-Jensen, Schmidt and Hansen (1936). It is made from the vesicle fluid 
and epithelium of the tongues of cattle that have been infected with a highly 
virulent strain of virus. The suspension is treated with 0 05 per cent, formalin 
for 48 hours at 25° C. The virus is so attenuated that it can be injected into healthy 
cattle without ill effect, though it is doubtful whether it is completely killed (Mohl- 
matin 1952). This vaccine has now been used on a large scale in Europe, Mexico, 
and South America. Immunity develops in about 10 days. The high cost of the 
vaccine may be lowered if unweaned mice can be substituted for cattle as a source 
of virus (sec Skinner el al. 1952). Other methods of preparing vaccine have been 
described, such as that in which the blood of infected cattle is treated with 005 per 
cent, crystal violet for 6-8 days at 37° C. (sec Galloway ct al. 1948), or in which 
virus grown m tissue culture is used (Henderson and Galloway 1953). Vaccination 
is restricted as a rule to countries in which the disease is endemic. Though it is 
often of undoubted value in protecting animals against the clinical manifestations 
of infection, it has several weaknesses. In the first place the immunity conferred 
is more or less type-specific. So long as the infecting types of virus are similar to 
those contained in the vaccine, a reasonable degree of protection may be assured ; 
but if a variant type arises or is introduced, then the disease may spread freely m 
the vaccinated population (see Fluckigcr 1953). Again, by modifying an attack 
of the disease, vaccination may conceal the presence of infection, with the resu 
that the disease may be widely spread by apparently healthy animals. Ot et 
objections are that commercial vaccines vary' in potency and recommended dosage, 
that the different variants of the virus may be imperfectly represented m ■ ® 
vaccine ; that inactivation may be insufficient so that the vaccine actually 8 P r ^® 
the disease , that not all animals react alike to the same vaccine ; an 
immunity lasts for only about 6 months. Basset (1953), in a critical review, con^ 
eludes that a policy of vaccination can never be more than a palliative me 
of combating the disease . . 

Methods for dealing with an outbreak of foot-and-mouth disease vary m J 
countries (see Fluckiger 1953). In Great Britain, the United States, an c ^ 
dinavia a rigorous policy of stamping out the disease by slaughter and dism e 
is practised. In Germany the system known as Ring-Impfung is official ) ; nC( j 
This consists m isolating the affected farms, and giving all contact amma s co ^ 

active and passive immunization, using for this purpose living virus an P / . ^ 
hyperimmune serum. The result is a mild attack of the disease, vr 10 
behind it a more or less lasting immunity At the same time anima s on 
ing farms are given an injection of scrum, the effect of which is to a ore a 

degree of passive immunity for about 10 days. The serum may, loucvc^ ^ 
mild attack, so that the infection of some animals passes unrecognized * 
form a starting point for further spread. The whole area is isola et o - 
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travel a distance of 4 mm., or about 2000 times its own length, in one hour, 
the cholera vibrio may attain a speed of 18 cm. per hour for short distances. 

This power of locomotion depends upon the possession of flagella, long, 
fragile, filamentous, coiled appendages. These organs are contractile and their 
propelling action is due, not to a lashing motion as once thought, but to a 
rhythmic contraction which moves hehcoidally over the surface, the action 
being that of a screw rather than an oar, 8 Flagella are very slender, 20 to 50 m^ 
in diameter, and their demonstration with the optical microscope commonly 
requires staining methods, such as silver impregnation or mordanting, by 
which staining material is deposited upon them to make them thicker than they 
actually are. It has been reported, however, that flagella may be obsened in 
the living unstained state in some bacteria, such as the very large spirilla The 
origin of flagella has been a matter of some interest and it has been generally 



assumed that they arc extensions of the cell wall or protoplast” Knaysi 1 '* has 
shown, by means of electron micrographs, that they originate in the protoplasm 
of the cell, and the more recent evidence of van Itcrson and Robinow, illus- 
trated in Fig. 7, indicates that their origin is in small spherical bodies lying 
between the cell wall and cytoplasmic membrane. Whether these correspond to 
the blcpbaroplasts of flagellated protozoa is not yet clear. It may be noted 
that the suggestion of Pijper 11 that flagella arc capsular polysaccharide twisted 
oft in threads by the motion of the cells, and therefore artifacts, has no basis 
in substantial evidence. 

Bacteria difFer from one another with respect to the position of the flagella 
on the cell Ixxly. The monofric/ious organisms ha\c only a single flagellum 
at one end, the nmphitricfions bacteria ha\c either a single flagellum or a tuft 

* Pijprr. Jour. Path. Pact , 1938. 47; 1. 

•Sec the rcticw b} Knayw: Dot. Ro . 1938, 4.86, 99. 

••Knavu. Science, 1942, 95‘406. 

n PijpcT. Jour. Biol Photo Awn , 1947, 16 3. 
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(1936). Outbreaks occurred irregularly, but on a generally increasing scale, till 
in 1939-40 the number of infected premises was 123 and the number of animals 
on these premises was over 220,000 (White 1940). It is an acute febrile disease, 
characterized by vesicles on the snout, lips, oral mucosa, tongue, and feet. The 
vesicles are 2-3 mm. and upwards in diameter. There is often considerable 
systemic disturbance, the temperature reaching 108° F. The animals suffer from 
varying degrees of lameness. Growth is seriously interrupted. The case fatality is 
low except in young sucking pigs, which may die cither as the result of cessation 
of lactation in the nursing sow or of mechanical obstruction to respiration by 
the vesicles. Animals that recover develop a temporary immunity, which passes 
off in a few months’ time. The disease spreads readily by contact. The incuba- 
tion period is about 48 hours. Experimental inoculation is successful by the 
intradermal or intramuscular route. Clinically, the disease cannot be distinguished 
with certainty from foot-and-mouth disease, and reliance in the first place has 
to rest on animal inoculation or on the complement-fixation test. As will be seen 
from Table 176 the virus of vesicular exanthema of swine differs from that of foot 
and-mouth disease in being pathogenic to horses, but not to cattle or guinea-pigs 


TABLE 176 


Differential Susceptibility op Animals to Inoculation (Traum 1936) 


Virus. 

Swlue 

Cattle. 

Guinea-pigs 

Horses 

Foot-and-mouth . 

+ 

+ 

+ 

- 

Vesicular stomatitis . 

+ 

+ 

+ 


Vesicular exanthema . 

+ 

~ 


± 


4- = susceptibility. ± = susceptibility less and irregular. — = insusceptibility 


The susceptibility of the horse to vesicular exanthema is less than that of ca , 
and may perhaps vary with different strains of virus. The British workers ( e P° 
1937) failed in their efforts to infect horses with a strain of Californian origin 
The virus is antigenically different from any of the known types of foo 
mouth virus, and there appears to be no cross-immunization between ^ 
viruses. Three different serological types are recognized. The disease is 
largely by the practice of feeding swine on raw garbage. In control of the 
reliance is placed on strict quarantine measures. 


Lumpy Skin Disease of Cattle ^ 

This disease, sometimes known as pseudo-urticaria, is common among ^ 
herds in the Cape peninsular of South Africa. It is characterized by 5U p ?f . 

nodular lesions in the skin, and enlargement with subsequent necrosis « 
ficial lymphatic nodes. The case fatality is low, but the p % 

condition and the milk yield falls. Inclusion bodies staining iv ■'< 

found in the cytoplasm of the epithelial cells (de Kock 19 J “ 


Don and Kipps (1949) described t 1 ‘ 1 . ' bp chick emt 
fatal case in a calf using comb' ' orio-r r 

chick embryos presented a ch* >arance 

feather formation. The viru • 10-25 

survives in 50 per cent, glyce^ ■ Ami' 
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of flagella at each end; the lophotrickous bacteria have a tuft of flagella at one 
end; and the peritrichous have flagella projecting from the whole body of the 
cell, the sides as well as the ends. Bacteria having no flagella are termed 
atrichous. 



Fig 7. Electron micrographs of shadow-cast preparations showing the flagella of Proteus 
vulgaris. The bacteria were grown to the swarming stage on agar, refrigerated at 5° C. For 
16 to 20 hours, floated off in 5 per cent formalin and washed twice before mounting on col- 
lodion. The preparations arc very transparent and flatten completely so that certain of the 
internal structures are demonstrable by shadowing. The origin of the flagella in small, 
spherical bodies about 100 mu in diameter and remarkably uniform in size, situated between 
the cell wall and cytoplasmic membrane, is clearly shown (From electron micrographs by 
Woutera van Iterson and C- F. Robinow. A full account of this work will appear in 
Biochimica et Biophysica Acta.) 

The number of flagella on the peritrichous bacteria varies considerably and 
even closely allied species may differ from one another in this respect. The 
typhoid bacillus, for example, has, as a rule, more flagella (ten to twelve) 
than the colon bacillus (two to six). The majority of actively motile bacteria 
belong either to the bacilli or spirilla, very few cocci are motile under ordinary 
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Spores 

conditions. Within a gnen bacterial species different degrees of motility may 
be found. Some strains within a species may consist practically entirely of 
motile cells, while other strains may show no motility in hanging drop prep- 
arations nor may flagella be found in stained smears. Further, the motility of 
some strains is affected by the temperature of incubation while that of others 
is not, some strains may be motile when grown at 22° C. but not when grown 
at 37° C. Motility, therefore, is not a character that can be used for exact 
delimitation of species or varieties of bacteria. Standard cultural characters 
and biochemical reactions do not appear to be correlated with the presence or 
absence of motility. 



Fig. 8 Spore formation by bacteria. Left, the anthrax bacillus which forms central 
spores which do not distend the wall of the \cgetati\e cell, the tendency of the bacilli to 
occur in chains is also characteristic. Center, Clostridium bofidmum type B, which shows 
the typical clostridial form with terminal spore of greater diameter than the \egetame 
cell, note the free spores separated from disintegrated vegetative cells. Right, Clostridium 
sporogeues, showing a subtcrminal clostridial spore. These preparations are all stained 
with a single stain in the usual way, the ccgctatwe cells take up the d>e hut the spores 
remain unstained Fuchsin, X 1050. 

Spores. 1 ' 5 Some of the bacilli possess the ability to form resistant struc- 
tures known as spores. Such spores, spherical or o\al in shape, show a rela- 
tncly high resistance to all sorts of injurious influences, including high tem- 
peratures, germicidal chemicals, etc. Furthermore, they stain with great dif- 
ficulty. Usually heat in combination with a mordant is necessary to dri\c the 
the into them. 

An assembling or concentration of nuclear material (i.e., material staining 
deeply with basic dyes) precedes spore formation in some cases and constitutes 
the spore pnmordium. Cytological studies suggest that in some bacteria a 
granule forms which enlarges to become the spore, in others there is an ag- 
gregation of granules, and in still others no granules arc formed and what 
appears to l>c 3 condensation of the protoplasm occurs. The highly rcfracthc 
character of the unstained spore and its reduced water content probably arc 
connected u ith the concentrated character of the spore substance. Such spores 

**Sce the renew b\ Knani: Bact. Rev., 1943, 12 19. 
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may be formed in any part of the cell, the position generally being relatively 
constant within a species. The spore is spoken of as terminal if formed at one 
end of the cell, central if formed in the center of the cell, and subtermindl 
if formed half way between the center and the end of the vegetative cell. In 
some cases the spore does not exceed the diameter of the parent cell, as in 
the anthrax bacillus, in others where its diameter is greater than that of the 
vegetative cell it causes a bulging out of the wall of the cell at the point where 
it lies. If such spores are terminal, a drum-stick appearance may result, as in the 
tetanus bacillus; or if it is central, the vegetative cell becomes spindle-shaped. 
In simple stains the spore appears as an unstained round or oval body lying 
within the stained protoplasm of the vegetative cell. When the spore is fully 
developed, the vegetative cell disintegrates and disappears. 



hydrochloric acid fixation. Gicmsa, X 4000. (Robinow.) 

The conditions under which bacteria form spores vary with the nature of 
the organism. The anthrax bacillus, an aerobe, forms spores only when in con- 
tact with free oxygen, a fact that has practical bearing on the disposal or 
bodies of cattle dead of the disease. The tetanus bacillus, on the other hand, 
and the anaerobes in general, form spores in the entire absence of oxygen. 
A suitable temperature is essential to the formation of spores. The anthrax 
bacillus forms spores most abundantly at 30° C to 32° C. and will not pro- 
duce them at a temperature of 12° C. Lack of food is apparently not an ade- 
quate stimulus to spore formation. In all cases a period of uninterrupted vege- 
tative multiplication precedes the appearance of spores, and the conditions 
necessary for their production seem to arrive simultaneously for most of the 
cells in a culture. It has been suggested that diminution in the water content 
of the bacterial cell, leading to a shrinking of the colloids, is the main factor 
in bringing about spore formation. Friedman and Henry 13 have found that 
the percentage of bound water is relatively high in spores as compared with 
> 3 Friedman and Henry Jour. Bact.. 1938. 36 99. 
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Spores 

vegetative cells, and suggest that this is assocated with their heat resistance. In 
any case, spores are not formed under adverse conditions, as it might be 
thought, but in circumstances favorable to growth 
When spores are brought under conditions favorable for growth they 
germinate and become vegetative cells which multiply in the usual manner 
The rate of germination has been found to be logarithmic 14 but delayed 
germination occurs with some frequency and in some cases appears to be due 
to the presence of inhibiting substances, such as oleic and linoleic acids, in the 
culture medium rather than a delayed response to a favorable environment. 15 
As it undergoes germination the spore shows a change in its refractive prop- 
erties, probably due to the imbibition of water The entire spore wall may 



become thin and stretch and the spore assume a bacillary form, or a vegeta- 
tive cell may burst through the spore membrane, the empty case being cast off 
as a hull. The anthrax bacillus grows out of one side of the spore wall; the 
tloselv related bay bacillus grows out of opposite sides simultaneously. Other 
lor ms of bacteria exhibit intermediate methods of germination. Also, irregulari- 
ties may occur in the development of spores of the same species. The process 
of dev elopment of the vegetativ c cell and its escape from the spore case is par- 
ticularly well illustrated in the electron micrographs in Fig. 10, taken by 
Knavsi who has studied the process of sporulation in detail. 18 

**\Vvnnr and Poster Jour. Raet. 1948, SS 69. 

,s Sec ihe general discussion of studies on tins point bs Pinter and Wjnne Jour Ract.. 
194S, 55 62). 

» Knavsi: Jour. Ract., 1945, 49.47), 617, tbiJ , 1946, 51 167. tbui , 1947, 53 525. 




1196 MECHANISMS OF SPECIFIC ANTIBACTERIAL IMMUNITY 

the tentative conclusions sponsored by different observers. One reason for this is 
that the point at issue has not always been clearly defined. Sometimes the problem 
actually submitted to experimental study has been the correlation between resistance 
to a particular bacterium and the presence of the corresponding antibodies in the 
circulating blood. But we shall see, when studying anaphylaxis, that specific 
antibodies readily become fixed to tissue cells ; so that the demonstration of 
immunity in the absence of circulating antibodies, or a failure to find any close 
association between antibody titrc and degree of resistance, cannot be accepted 
as satisfactory evidence that specific antibodies arc not involved. 

As an example of the relations that hold in experiments of this kind wc may 
refer again to the studies of Wright (1927). 


In these experiments, a large series of rabbits wero immunized by a singlo intravenous 
inoculation oflulled culture and were tested at various intervals thereafter by determining 
the rate at which virulent pneumococci disappeared from the blood stream, after the 
intravenous injection of 1 ml. of living culture. Tho results suggested that there was a 
slight, but definite, improvement in tho clearing capacity within a few hours. This became 
well established on tho 3rd day, was still marked at tho end of a month, and might persist 
for 3 to 6 months, though in diminishing degree. The serum of many of these rabbits was 
tested for tho presence of agglutinins, opsonina, and prccipitins. It was found that the 
production of these antibodies was inconstant, and that tho times of their appearance and 
disappearance in tho blood in no way corresponded to the duration of the improved clearing 
capacity. In many cases no antibodies were ever demonstrable, although the rabbit 
showed a well-marked clearing reaction. In others, agglutinins appeared to low titre on 
tho 4th day, increased in amount to the 7th or 10th day, and disappeared by the end of the 
3rd week. Thus they first appeared after tho increased clearing capacity had become well 
established, and vanished whilo it was still present in a marked degree. Wright also 
determined the inhibiting action of whole blood (heparinized) on the growth of pneumococci, 
using a modification of the methods employed by earlier workers in determining the bac- 
tericidal action of whole blood on this organism, lie found that the results of this in 
vitro test were far more closely correlated with the clearing capacity of the rabbits, and 
with the power of their serum to confer this clearing capacity on normal rabbits, than 
were the results obtained by agglutination or precipitin reactions. 

A protocol, taken from his paper, and slightly modified in form, affords a clear illustra- 
tion of the general type of his results. (Table 71.) 

Tho lack of correspondence between the presence of agglutinins and preeipifcins on the 
one hand, and clearing capacity on the other, is obvious ; but the association between the 
growth-inhibitory action of the whole blood and the clearing capacity is very close. 
Similarly, those rabbits which are able to remove pneumococci rapidly and completely from 
their own circulating blood are in a position to confer a similar ability on normal rabbits, 
by the transference to the latter of a relatively small proportion of their blood serum. 
The correspondence, in this case, is not absolute ; hut the association is well-marked. 

It should, perhaps, be noted that other workers have reported the occurrence of an 
effective active immunity in the entire absenco of circulating antibodies, as judged by all 
available tests, including the bactericidal power of the whole blood (see, for instance, 
Teale 1935). . . .. 

As we relate in Chapter 50. antibody may be formed locally in the connective tissue, 
bv cells proliferating there in response to the antigenic stimulus. It is therefore possible 
v 1 ... !_r — " organism in 

■ally effective 
•tiy response ; 


but Nunes (1950) reports substantial amounts ot agglutinin m uio uwuu uf guinea-pigs 
within 5 hours of an intraperitoneal injection of a massive infecting dose o pneumococci. 



48 Morphology, Structure, Growth and Composition of Bacteria 

Spore formation is not very common among bacteria. It has been definitely 
observed only in the rod forms; cocci are not known to sporulatc, and sporulat- 
mg spirilla, if they exist, are rare. The majority of the obligate anaerobes pro- 
duce spores, as do some of the aerobic bacilli. The spore-forming bacteria of 
known pathogenicity for man are few, a fortunate circumstance that materially 
facilitates and simplifies disinfection and the treatment of infectious disease. 
Physiologically, the spore is usually considered as a resting stage, serving to 
tide the species over unfavorable periods. From this point of view, the spore 
stage is analogous to the periods of hibernation or estivation among higher 



Fig. 11. Electron micrograph of Clostridium tetani from 24 hour culture. The proto- 
pJjsm is homogeneous ac this sfage and the clear cell i calls are apparent. Peritrichous 
flagella are shown also, and the bacilli are m various stages of cell division. Compare the 
latter with Fig 15. (Mudd and Anderson, SAB No. 61.) 

forms of file and the living matter of the spore may remain dormant for years 
or even decades. It docs represent a definite differentiation of the vegetative 
cell as indicated by the occurrence of antigens in the spore that differ from 
those of the vegetative cell as well as antigens shared by the two forms . 17 Spore 
formation is not a form of multiplication, for each vegetative cell forms only 
a single spore and each spore germinates into a single vegetative cell. Obviously 
no increase m numbers is possible by this process. 

The Finer Structure of the Bacterial Cell. Knowledge of the intra- 
cellular structures of bacteria is strictly limited, as pointed out above, by limits 
in the resolving powers of the microscope. Three questions have been of 
interest, namely: the existence and nature of the cell membrane, the nature 
of the cell substance or entoplasm, and, finally, the question of the existence 
of a nucleus. 


17 See Doak and Lamanna: Jour. Bact., 1948, 55 369. 
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Encephalitis Lethargica. 

This is a primary encephalitis, presumably of virus origin. The disease was 
first described by von Economo (1917) in Vienna, and was recognized in this country 
the following year. The highest year of incidence in England and Wales was 
1921, when 5,039 cases were notified with 1,407 deaths. Since then the incidence 
has declined gradually, and by 1950 the number of registered deaths had fallen 
to 115. From post-mortem observations, however, it appears very doubtful 
whether more than a small proportion of the cases diagnosed as encephalitis 
lethargica aro really examples of this disease. The true incidence is probably 
far lower than is indicated by the reported figures. Epidemic hiccup is regarded 
as a mild form of the disease (see MacNalty 1937). 

Conflicting reports have been published on the tctiology of encephalitis lethargica. 
Much of the earlier work on the transmission of iufcction to animals was confused 
by the occurrence of a spontaneous disease of rabbits — mcningo-encephalitis (see 
p. 2161) — and must he disregarded. Observations by Levaditi and Harvier 
(1922-23), Perdrnu (1925a, b), da Fano and Perdrau (1927), and Gay and Holden 
(1933) suggest that the virus of encephalitis lethargica may be related to that 
of herpes, but this is little more than speculation. Though both McIntosh (1923) 
and McCartney (19216) have reported the transmission of a fatal encephalitis to 
rabbits by the direct inoculation of brain suspensions from infected patients, it 
must be admitted that very little progress has been made in the study of this 
disease and its causation still remains obscure. (For a short summary of the 
experimental observations made on this disease the reader is referred to pages 
1499-1501 in the 2nd edition of this hook.) 


The Arthropod-borne Group 

This comprises a number of diseases conveyed, usually by mosquitoes, to man 
and sometimes the larger animals from a reservoir which may he in small mammas 
and birds or m i meets Many of the causative viruses arc closely related to eac 
other, and many form a hremagglutmin acting on the red blood corpuscles o s eep, 
pigeons, or newly hatched chicks (sec Macdonald 1952, Chanock and Sa ui ) 
St. Louis Encephalitis.— A very remarkable outbreak of encephalitis 
in St Louis, Mo , during the late summer of 1933. The epidemic starte 3 , 

beginning of August and finished about the end of October. Rather o\ er a 
persons were attacked — an incidence of approximately' 1 per 1,000 oft e pop 
The case-fa tahty rate, which had an average of 20 per cent, s ^ 0 '' e _ a 


increase in relation to the ago of the patient , thus, under 40 years °^ a ^/gr„ rou p 
than 10 Tier cent. ; in the 40-50 age group it was 12 per cent., in t e 

™ nn nrnnp 56 J 

i the 1st week. 


was 12 per ceiu., w n**- — ^ ^ 

21 per cent , in the 60-70 group 38 per cent., in the 70-80 group 56 


the 80-90 group 80 per cent. Over half the fatal cases died m the s ^ f rom 
incubation period was not determined with certainty, but appeare m those in 
4 to 21 days. Pathologically, the lesions differed in several respects ro ^ 
encephalitis lethargica, particularly in the more extensive atory f 0 ei 

meninges and spinal cord, the more widespread distribution of » nerv *e 

through the brain, and the greater frequency' of degenerative changes 
cells and of neuronophagia (Report 1935) transmit the 

Cultures of the blood and spinal fluid were sterile. Attemp 



The Finer Structure of the Bacterial Cell 49 

The cell membrane o£ bacteria is not demonstrable as a structurally differen- 
tiated envelope, as that of many plant cells is, by immersion of the cells in 
hypertonic solutions Robinow has found that treatment with boiling dilute 
sodium hydroxide results in a shrinkage of the protoplasm away from the cell 
wall, allowing its direct demonstration by staining with crystal violet. Such 
rigorous treatment may, of course, result in artifacts but a cell wall appears 
clearly in electron micrographs as shown in Fig. 11, and studies by Mudd and 
his associates 18 with the electron microscope have shown that it is a definite 
morphological structure from which the cytoplasm may shrink away and 
which is sufficiently solid to show jagged lines of fracture when broken by 
sonic vibrations. It would appear to have considerable rigidity, particularly 
among the bacilli, in order to maintain shapes other than spherical. Experi- 



Fig 12. Irregular and bipolar staining of tbe plague bacillus. Note the heavily stained 
areas ami nictachromatic granules Fixed in methyl alcohol and stained with methylene 
blue, X 2-100. 


ments on the growth of the colon bacillus in media in which the surface ten- 
sion had been reduced by the addition of sodium oleate resulted in the produc- 
tion of long, filamentous forms, much longer than the usual rods. Such 
experiments ha\c been interpreted as indicating that this organism is essen- 
tially tubular, the sides having sufficient rigidity to withstand the reduced 
surface tension but the length increasing because of a less rigid structure at 
the ends. 

Knaysi 10 has found that the cell wall of Bacillus ccrcus and Bacillus mega- 
therium is made up of lipid and protein in stable combination and is much 
more resistant to autolvsis than the cytoplasm. It stains with dyes of the Sudan 
scries, and he has found that the inner surface is jagged and irregular, tending 
to diude the cell into compartments. It is possibly this last that results in the 
lack of a sharply defined interface between the cntoplasm and the outer cell 
wall in the usual preparations. The precise nature of the bacterial cell mem- 
brane is of particular interest in connection with the problems of permeability. 
>* Mudd ct al : Jour. Ract. 1941, 41.415, ibid., 1941, 42 251. 
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and his colleagues (19426, c) isolated three strains of the St. Louis virus from Citkx 
tarsalis Coquillet in the Yakima Valley and proved these insects to be capable of 
transmitting infection under experimental conditions. The real reservoir of infec- 
tion, however, appears to be the mite, which infects chickens and— probably more 
important — wild birds in their nests. These birds develop a vinemia which enables 
the mosquitoes to become infected and so transmit the disease to man (sec Hammon 
et al. 1951). Diagnosis of the disease during life is aided by the corapleraent- 
fixation test, which is usually positive within the first two weeks. Neutralizin'’ 
antibodies appear later, but are less liable to give false positive reactions. At 
autopsy the organism may be isolated from the central nervous system by mou<e 
inoculation. 

Japanese B Encephalitis. — Synonym: B encephalitis ; Russian autumn encephal- 
itis.— In. Japan several outbreaks of encephalitis have occurred during the past 
100 years or so. They have been particularly common during the late summer 
months, and for this reason the disease is often referred to as “ summer encephal- 
itis.” A large outbreak occurred in the summer and autumn of 1924, when there 
were over 7,000 cases with a fatality rate of 60 per cent. Another large epidemic, 
causing about 5,000 deaths, was witnessed in August and September 1935 The 
American troops suffered in Okinawa (see Tigertt et al. 1950) ; and there was a 
severe outbreak in Korea in August 1949, lasting for about 6 weeks, with 5,513 
reported cases and 2,429 deaths (Hullinghorst et al. 1951) The disease is said to 
be endemic in Malaya (Paterson et al. 1952), and possibly in the Sudan and Congo 
(Smithburn and Jacobs 1942). The incubation period is 8-15 dap, most often 
11-12 (Mosber 1947). Pathologically the disease is a meningomyeloencephalitu, 
characterized by widespread cortical damage with ganglion cell degeneration, focal 
perivascular lymphocytic infiltration, destruction of the Purkinje cells of the 
cerebellum, and changes in the cord almost identical with those of poliomyelitis. 
Judged by the presence of neutralizing antibodies, inapparent infections are verj 
common in the normal population, and in domestic animals such as the horse, cow, 
pig, and goat (Bawell et al. 1950). 

Horses may also suffer from overt disease. Bums, Tigertt and Matumoto (194J 
described an outbreak of encephalomyelitis in these animals, and isolated 2 strains o 
virus that were immunologically similar to, if not identical with, the virus responsi 
or infecting man. 

For a general review of Japanese B encephalitis, see Warren (1946), Olit^ky 
and Casals (1952). neJ 

The causative virus was isolated and studied by Kasahara and his co e 
(1936a, b, 1937a, b) and by Taniguehi and his colleagues (1936). It 13 * 

20-00 m p. in size (Yaoi et al. 1939) ; it can be cultivated in a medium of 
land type containing minced chick embryo brain (Kawakita 1939) ; it is avi ^ 
to rabbits, but gives rise to a non-suppurative meningo-encepha 0 ^J^ ra ]j ze( j 
intracerebral inoculation of mice, monkeys, and young sheep ; it is ne cf0S3 . 
by the serum of convalescent patients ; and it can be distinguis e 7 
neutralization tests from the virus of St. Louis encephalitis (Kawamura e ,0 asa |« 
Kasahara el al. 1937a, Webster 1938a) and from the West Nile virus t0 
1944). Guinea-pigs are said by the Japanese workers (Kasahara et « • 
be susceptible to intratesticular inoculation, but they appear o ® j*. 

to intracerebral inoculation (Webster 1938a) Albino rats 7 ajs 



50 Morphology, Structure, Growth and Composition of Bacteria 

The nature of the cell substance is not well known. It is, of course, pro- 
toplasm, as the ancillary evidence of chemical composition indicates. The cells 
of actively growing cultures appear to be homogeneous both in the unstained 
state and when stained by various dyes. As the culture becomes older, how- 
ever, the cells of many organisms may be found to contain granular material 
which is somewhat more refractive than the surrounding protoplasm in the 
unstained state, and which takes up certain dyes with greater avidity than the 
remainder of the cell. These granules are called vtetachromatic granules or, 
after the workers who first described them, Babes-Ernst granules. They arc 
sometimes scattered through the cel! substance, and sometimes massed at 
cither end, where they constitute the “polar granules" observed in the plague 
bacillus, the glanders bacillus and certain other bacteria. In certain species 



Fig. 13. Metachrnmatic granules and bipolar staining in the diphtheria bacillus. 
Note the differences between these organisms and the plague bacilli. Methylene blue. 


X 1975. 

the metjchromatic granules arc particularly easy to demonstrate, and their 
abundance may even constitute a character of some differential value. The 
nature of these granules has been the subject of microchemical investigations, 
but the results are somewha c 

of polysaccharide material • 
been designated granttlose. 

appear to consist of nucleoprotein and take up the nuclear stains with great 
avidity. This nucleoprotein has been termed volutin, and granules of this and 
other material are generally spoken of as “reserve material’— a term which, 
because of its implications, could hardly have been less wisely chosen. 

The apparent lack of a discrete nucleus in the cells of the true bacteria has 
been a source of much speculation Granular materials such as volutin and 
metachromatic granules which are characterized by staining deeply with basic 
dyes are sometimes referred to as "nucleoids" but apparently have no nuclear 
function The seeming homogeneity of the cell substance, both in the stained 
and unstained states, has been interpreted by some to indicate that these cells 
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ana his colleagues (IMSi, c) isolated three strains of the St. Louis virus from Culex 
larmlts Coquillet in the Yakitna Valley and proved these in sects to be capable of 
transmitting infection under experimental conditions. The real reservoir of infec- 
tion, however, appears to be the mite, which infects chickens and— probably more 
important wild birds in their nests. These birds develop a vinemia which enables 

the - - ‘ * 

el a 

fixation test, which is usually positive within the drat two weeks. Neutralisin'" 
antibodies appear later, but are less liable to give false positive reactions. At 
autopsy the organism may be isolated from the central nervous system by mouse 
inoculation. 


Japanese B Encephalitis.— Synonym: B encephalitis; Russian endumn encephal- 
itis . — In Japan several outbreaks of encephalitis have occurred during the past 
100 years or so. They have been particularly common during the late summer 
months, and for this reason the disease is often referred to as “ summer encephal- 
itis.” A large outbreak occurred in the summer and autumn of 1921, when there 
were over 7,000 cases with a fatality rate of 60 per cent. Another large epidemic, 
causing about 5,000 deaths, was witnessed in August and September 1935. The 
American troops suffered in Okinawa (see Tiger tt et al 1950) ; and there was a 
severe outbreak in Korea in August 1949, lasting for about 6 weeks, with 5,518 
reported cases and 2,429 deaths (Hullinghorst el al. 1951). The disease is said to 
be endemic m Malaya (Paterson et al. 1952), and possibly in the Sudan and Congo 
(Smithburn and Jacobs 1942). The incubation period is 8-15 days, most often 
11-12 (Mosher 1947). Pathologically the disease is a raeningomyeloencephalitis, 
characterized by widespread cortical damage with ganglion coll degeneration, focal 
pcnvascular lymphocytic infiltration, destruction of the Purkinjc cells of the 
cerebellum, and changes in the cord almost identical with those of poliomyelitis. 
Judged by the presence of neutralizing antibodies, mapparent infections are very 
common in the normal population, and in domestic animals such as the horse, cow, 
pig, and goat (Bawell et al. 1950) 


Horses may also suffer from overt disease. Burns, Tigertt and Matumoto (1919) 
described an outbreak of encephalomyelitis in these animals, and isolated 2 strains of 
virus that were immunol ogically similar to, if not identical with, the vims responsible 
or infecting man. 


For a general review of Japanese B encephalitis, see Warren (1946), Olitsky 
and Casals (1952). 

The causative virus was isolated and studied by Kasahara and his co eag 
(1936a, 6, 1937a, b ) and by Taniguchi and his colleagues (1936). It is a u 
20-30 m/i in size (Yaoi et al. 1939) ; it can be cultivated in a medium of the Mat- 
land type containing minced chick embryo brain (Kawakita 1939) ; it is ayiru 
to rabbits, but gives rise to a non-suppurative meningo-encephalomye ^ 
intracerebral inoculation of mice, monkeys, and young sheep ; it & ^ 

by the serum of convalescent patients ; and it can be distmguisbe y 
neutralization tests from the virus of St. Louis encephalitisjKawamurar • > g 
Sahara et at. 1937a, Webster 1938a) and from the J to 
1944). Guinea-pigs are said by the Japanese workers (Kasaha res i s tanfc 

be susceptible to intratesticnlar inoculation, but they appe cfln be 

to intracerebral inoculation (Webster 1938a) Albmo rats 7 •> 



Colonial Morphology 51 

consist entirely of cytoplasm and have no nucleus, and by others to mean that 
these cells are all nucleus and have no cytoplasm. 

There is no doubt, however, that the bacterial cell contains relatively 
enormous amounts of nucleoprotein 3nd nucleic acids demonstrable by micro- 
chemical methods such as the Fuelgen reaction, and the content of purine and 
pyrimidine nitrogen found by analysis is very high. It is clear that nuclear ma- 
terial is present in more than adequate amounts, and it has been customary 
to assume that the bacterial cell contains the chemical equivalent of a nucleus 
even though no morphologically differentiable structure could be demon- 
strated. More recently Robinow 20 has shown that the very faintly discernible 
areas apparent in bacteria stained with polychrome stains may be clearly shown 
by fixation with osmium tetraoxide, differentiation in hot hydrochloric acid, 
and staining with Giemsa. He has called these chtomatinic bodies, and their 
normal occurrence has received strong support from the studies of Hillier, 
Mudd and Smith 21 who have found them in electron micrographs of prepara- 
tions receiving no treatment other than drying. These chromatinic bodies are 
illustrated in both light and electron micrographs in Fig. 14. They show a 
strong morphological resemblance to nuclei, stain like nuclei with Giemsa, 
and appear to divide m the growing cell just prior to fission. Whether they 
represent true nuclei, analogous to those of other cells, remains to be fully 
established, but the implication that they are seems very strong 

QQLOHUL MORPHOLOGY 

A single bacterial cell or group of cells, when planted on a semisohd 
medium and allowed to develop under suitable conditions of moisture, tem- 
perature and air supply, will, in a few hours or days, develop a “colony" so 
large that it can be plainly seen with the naked eye. In many instances such 
masses of tells, particularly vihen the. growth occurs on certain culture media, 
possess salient peculiarities which are characteristic of the species. Growths 
upon nutrient gelatin are especially characteristic, but upon nutrient agar the 
morphology of bacterial colonics is less distinctive. Colonies on potato and 
other solid food substances arc, as a rule, still less characteristic. As was pointed 
out previously, colonial differences may often be accentuated by growth on 
media containing dyes and other compounds. Diphtheria bacilli, for example, 
Jorm highly characteristic colonies on media containing potassium tclknite. 
The character of colonies is also somewhat affected by the density and viscosity 
of the culture medium and by the physical conditions under which the organ- 
isms develop. In general, however, the colony characteristics of a bacterial 
species arc distinctive and arc an aid in the isolation and identification of the 
organism. These characteristics include the sue of the colony, its forrn- 
whether raised, flat, etc.- and the shape of Us edges; its consistency and tex- 
ture; »ts surface— whether roughened or smooth; its color, and other similar 
peculiarities. 

These colonv characteristics in many cases base their toots m the mot- 

M RoImtw* Jew, H\r„ 1944, <3.4 tt. 

Hither, MuiM and Smith. Jour. Uact., in press, personal communication From Dr. 
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the brain after death. Jfc is 15-25 in diameter. It grows on the ehorio- 
allantoic membrane of the developing chick embryo. It is pathogenic to mice on 
subcutaneous as well as on intracerebral inoculation. It is virulent for sheep 
moderately virulent for rhesus monkeys, and non -virulent for guinea-pigs and 
rabhits. The disease occurs in the spring and summer months, and is transmitted 
by the bite of the tick, Ixodes persulcdtus Schulz. Numerous wild animals and 
birds are susceptible to experimental inoculation, and natural infection has been 
found m some rodents. It seems probable, however, that the tick constitutes the 
natural reservoir, since infection is transmitted by the ovarian route from generation 
to generation. The disease leaves behind it a lasting immunity. Neutralizing anti- 
bodies are demonstrable in the patient's blood about the end of the 2nd week but 
do not reach their maximum for 2-3 months 

Apart from the Far Eastern type, there is a Western type of spring-summer 
encephalitis that appears, to occur not only in western Russia but also in Czecho- 
slovakia (Krejci 1049, Rampas and Gallia 1049). It is a milder disease and has a 
lower case-fatality rate. Whether the viruses responsible for these two types are 
identical with each other is still doubtful, but both of them are very closely related 
to the vims of lou ping-ill. Pond, Russ and Warren (1953), who compared strains 
of Russian and Czechoslovakian encephalitis viruses with the Jouping-ill virus 
concluded that, though there were minor differences between them, they must all 
be regarded as belonging to a single virus. For a general review of Russian spring- 
summer encephalitis, see Warren (1946), Olitsky and Casals (1952). 


Encephalomyelitis due to Equine virus.— As its name implies, equine encephalo- 
myelitis is essentially a disease of horses (see below). During the late summer 
and early Autumn of 1938 there was a large outbreak in the United States, and 
human cases of the disease were recognized for the first time. An even larger out- 
break affecting nearly 3000 persons occurred in 1941, mainly in North and South 
Dakota and Minnesota Diagnosis of infection with the eastern type of virus wa* 
made by FothergiM, Dingle, Farbcr and Connerley (1938) and by Webster and 
Wright (1938), and with the western type of virus by Howitt (1938b). The disease 
occurred m rural areas, and affected particularly infants and young children, ut 
whom it caused a high mortality. The virus can sometimes be demonstrated in 
the blood (Howitt 1939) and in the cerebrospinal fluid (FothergiU, Holden and 
Wyckoff 1939) during life. After death it may be isolated from the brain by intra- 
cerebral inoculation of mice. Neutralizing antibodies are often present in the 6 oo 
serum and the cerebrospinal fluid of convalescent patients (Howitt 1941, Buss an 
HowiU 1941) Healthy contacts who have been exposed to infection may al^o *' e 
neutralizing antibodies (Mitchell and Pulbn 3943). Diagnosis during life may be 
made by the demonstration of complement-fixing and neutralizing antibo >es jn ® 
patient’s serum (Casals and Palacios 1941, Casals 1941, Howitt 1943). n ® ® *® n ,! 

probably carried by mosquitoes — Cnlex tnrsahs Coquillet (Hammon et a » 

Besides the disease due to the eastern and western types of virus, 1 

tions have been described with the Venezuelan type (Casals et a . 

Encephalitis due to other Viruses.— Several other arthropod- borne y ruse ^ 
known tlmt cause or are suspected to cause encephalitis. ' M!C , 

tVest Nile, the Bwarolia, anil the, Mengo viruses — tick „ lhc stays, 

,11 East Africa ; others, such as the Seroliki Forest, the Bui > ^ ^ WnW 

the Zika and the Uganda viruses in East Africa, ,hc Cah (' R d H'yeoiiipi" 
States, the IlMus virus in Brazil, and the Anopheles A and B autt J 
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Fig. 14. The chromatinic bodies of Bacterium coli which are interpreted as representing 
the bacterial nuclear apparatus. The upper section of the plate is an electron micrograph 
of an unfixed preparation from a 3 hour culture of Bact. coh. The light areas within the 
bacteria! protoplasm correspond with those faintly discernible with the light microscope and 
clearly discernible after fixation with osmium tetraoxide sapor. (Hilher, Mudd and Smith, 
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viruses in Colombia, were isolated from mosquitoes. They were detected by virtue 
of their neurotropic properties for mice. Surveys in Uganda and Tanganyika 
showed the presence of neutralizing antibodies in some samples of human serum 
against the Bwamba, the Ntaya, the Zika, and occasionally the Mengo virus, 
indicating that these viruses were able to infect man (Smithburn 1952 ) ; and three 
cases of febrile disease associated with the Zika virus have since been described 
(Macnamani 1951). Antibodies were also found to the Uheus virus in natives of 
Brazil (Southam and Moore 1951). Whether, and if so how often, these viruses 
infect the central nervous system of man is so far undetermined, though human 
volunteer experiments have shown that the Ilheus and the Bunyamwera viruses 
are able to cause encephalitis (Southam and Moore 1951) According to their size 
estimated by filtration they fall into 3 groups : (1) Anopheles A and B, Wyeomyia, 
Ntaya, Bwamba fever, and Bunyamwera viruses ranging from 70-122 mu in 
diameter ; (2) West Nile, Seniliki Forest, Kuroba, Zika, Ilhdus, and Uganda S 
viruses of 18-30 m jti ; and (3) Mengo virus of 10-15 m/t (Smithburn and Bugher 
1953). We append short notes on some of these viruses. 


West J/lJe virus. — This virus was isolated in 193 7 from the Wood of an African woman 
suffering from a mild febrile disease. Neutralizing antibodies Mere subsequently demon- 
strated in her scrum (Smithburn etal. 1940). The virus is pathogenic for mice and monkeys 
injected intracerebrally, and produces in the Purkmje cells of the cerebellum degenerative 
changes similar to those found in Japanese B encephalitis and in Jouptng-ill. It is 
estimated to bo 21-31 nip in diameter. Immunologically it is closely related to the St. 
Louis and the Japanese B encephalitis viruses (Smithburn 1942). There is evidence that the 
virus is widespread in Egypt and Equatorial Africa. Goldblum, Stcrk and Padcrski (1954), 
who isolated it from 9 cases in Israel, found that the disease to which it gave rise was 
characterized by an incubation period of 2-6 days, a sudden onset with fever, drowsiness, 
frontal headache, aching of the eyes on movement, and general enlargement of the lymph 
nodes. The illness lasted 3-6 days, but convalescence was slow and the lymph nodes 
took 1-2 months to go down. A rise in the titre of complement-fixing antibodies was 
demonstrated. According to Smithburn (1954), the West Nile and Ntaya viruses are re- 
lated to each other and to the virus of Japanese B encephalitis. 

Bwamba Fever. — A mild non-fatal disease, caused by a virus producing nervous 
symptoms in mice, was encountered in African natives by Smithburn, flfahafly an 
Paul (1941) during a yellow fever survey in the Western Province of Uganda and was 
named by them Bwamba fever. Clinically, the disease was characterized by a sud en 
onset with fever, headache, and pain in the lumbar region, mild conjunctival injec ton 
and & ekin rash. The fever lasted for 2-5 days, the headache and backache for 2 or 3 aj s 
longer. Convalescence was rapid and complete. The disease did not appear to e> '8 J 
contagious. A virus could be demonstrated in the blood by intracerebral mocu a 
of mice, and could be carried over from one mouse to another by injection of brain iss • 
After intracerebral injection symptoms of nervous excitement appeared in ab0 “ J ' 

1 At, vost-mortem there was a variable a? 


developed a non-fatal tebnie illness when wjecicu - , . cxpe n- 

rabbits proved resistant. The virus passed through “ J’* 1 „ 75 

ments with gradoco! membranes its size no. between 113 and l.d / I f 
and 113 It eoiild he readily preserved by J rymsj^ by 

suspension kept in the ice-chest proved innocuous within 15 uaj the virus 

exposure to heat at 50 «C. for 30 minutes. , lntihod.es speeificaHl M» lraUl f 
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Growth and Cell Division 

phology of the individual cells. The movements of cells after fission and the 
arrangements that result determine, to a considerable extent, the texture of a 
colony and the shape of its edges. The long coiled filaments of the anthrax 
bacillus give the colony of this organism its characteristic “medusa-like’' ap- 
pearance. The presence of capsules on an organism gives its colonies a slimy 
consistency, and their absence a dry, roughened appearance. The colonies of 
some bacteria show coloring due to the elaboration of pigments by the organ- 
isms, but such pigments are not apparent in the individual cell under the 
microscope. Yellow and golden pigments are not uncommon, and others, 
including red, blue-green and violet, are met with from time to time. 


ditions of life, and can be regarded as only one item in the sum total of charac- 
ters that go to make up the concept of a bacterial species One difference 
between colony types which has recently been discovered appears to be of 
deep-seated significance. In a number of bacterial groups it has been found that 
rough (Fl) and smooth (S) colonies will develop from a single, apparently 
pure, culture (p. 165). Under ordinary conditions, transfers from S and R 
colonies often breed true The rough and smooth strains differ in virulence 
and other characteristics, and the marked and persistent association of colony 
characters with physiological and biochemical qualities may be of considerable 
biological significance. 

BACTERIAL GROWTH 

Although bacterial growth may be, and often is, assumed to be a simple 
process, both experimental evidence and theoretical considerations indicate 
that the problems of growth are relatively complex It is convenient to consider 
bacterial growth under two general heads: first, the process of cell division or 
multiplication, and, second, the growth of bacterial populations. 

Growth ami Cell Division. By all odds the most common method of 
division is that of simple fission which divides the cell into approximately 
equal halves. Among bacilli and spirilla, cell division usually takes place at 
right angles to the long axis of the cell. The cocci may divide in one, two or 
three planes, thus giving rise to characteristic groupings such as chains, flat 
sheets or irregular masses, or cubical packets. Bacilli and spirilla show some 
elongation before division, cocci, as a rule, do not, although some exhibit an 
increase in the diameter of the cell without any alteration of its spherical form. 
The size which a single cell must reach before fission is, as among the higher 
forms of life, singularly constant for each species although, as will appear, 
some differences in this maximum size appear to be associated with the age 
of the culture. 

Jour. Roct., 19-49.) The center section Is a light photograph of a joung culture of Hacl 


stoical illumination after Kohler. The chromannic bodies arc clearly apparent as the dark 
areas. (Robinms.) 
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following respects: (1) they produce a rapidly fatal disease in the mouse, hamster and 
cotton-rat, a disease of variable seventy in the guinea-pig, and an inapparent infection 
in the albino rat, rabbit, and rhesus monkey ; (2) they are readily cultivated in the fertile 
hen s egg i (3) they are pantropic, rapidly appearing in the blood stream and reaching 
high concentrations in the viscera of susceptible animals ; (4) under appropriate conditions 
viscerotropic strains cause acute interstitial myocarditis in the mouse characterized by 
necrosis of the muscle fibres and an inflammatory cellular reaction ; (5) the lesions produced 
m the central nervous system arc those of a diffuse polioencephalitis ; (6) they are of small 
size, that of the Mengo virus estimated by filtration being 8-12 m/i (Dick 1948), the Columbia 
S.K. virus estimated by electronmicrography at 25-30 mp (Jungeblut and Bourdtllon 
1943), and the encephalomyocarditis virus estimated by electronm’crography at 27-3S m/i 
(Weil ct at. 1952) ; (7) they agglutinate sheep red blood corpuscles (Olitsky and Yager 
1949) ; (8) they appear to he natural parasites of the mouse, rarely infecting man; (9) 
they may be carried by mosquitoes. 

Meningo-encephalitis of Unknown Origin. — It should be made clear that large 
numbers of sporadic cases of encephalitis occur in which the cause remains obscure. 
Some of these are undoubtedly manifestations of poliomyelitis, but the etiology of 
others is unknown. Occasionally outbreaks are observed, such as those recorded 
by Jennings (1947) in England and Humbert and his colleagues (1947) in Tennessee. 
Further work is clearly required. 

Secondary Encephalitis.— We have already (p. 2122) drawn attention to the 
encephalitis that occasionally follows vaccination against smallpox, and have 
discussed its aetiology. Similar cases of encephalitis sometimes occur during con- 
valescence from other diseases such as measles, varicella, mumps, yellow fever, 
and influenza. The most striking characteristic of all these cases is the occur- 
rence of perivascular demyelination — a lesion which is not usually met with in 
primary encephalitis. Whether the production of secondary encephalitis is due 
to the virus causing the primary disease, or to a different virus lying latent in the 
tissues, or is a purely degenerative condition not determined by a virus at all, 
has been a subject for debate (see McIntosh 1928, McIntosh and Scarff 1928, Green- 
field 1930, Rivers 1932, Lcdingham 1935, Hurst 1936). More recent work, which 
is reviewed by Hurst (1952), points strongly in favour of an allergic aetiology. 

For a description of the clinical and pathological manifestations of the various 
types of encephalitis in human beings, the reader is referred to the monograph 
by Neal (1942). 
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Borna Disease. Endemic Encephalomyelitis of Horses, Cattle and Sheep. 

Borna disease is the name given to an infectious encephalomyelitis of horses- 
The name “ Borna ” is derived from the locality in Saxony where a severe C P 1Z 
occurred during the years 1894-96. The disease is widely distributed, and my 
occur in epidemic, form with a mortality sometimes reaching 90 per ecu . 
encephalomyelitis is likewise observed in cattle and sheep. Histologica y, 
are found in the central nervous system and in the peripheral nerves, a ,- 0D 

tic inclusions (Joest-Degen intranuclear corpuscles) arc (0 

cells of Ammon’s horn. Tie disease is due to a ffltable virus, <£l Iom ,y 

be tie same in all tlree species of animal. According to Elfo but 

(19336) it is about 85-125 m/i in diameter. The virus is resistan g > 
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While bacterial multiplication is commonly observed to take place by 
simple transverse fission, other modes of cell division may occur. Some forms, 
such as the diphtheria bacillus and the tubercle bacillus, show Y-hfce splitting 
and true branching characteristic of some of the higher fungi. Budding, 
similar to the budding of yeast cells, has been reported by some observers. 
More complex processes, such as the formation within a mother cell of a num- 
ber of viable granules, called gonidia, which, upon liberation, develop into 
typical bacillary forms, have been reported by other workers. The status of 
the great majority of these observations has been open to some question since 
many of the structures reported were too small to have been resolved by the 
light microscope The electron microscope, however, allows the resolution of 



Fig. 15. Electron micrograph of Lactobacillus acidophilus showing various stages in ce 
illusion The initial slight constriction, deeper constriction, and partially separate 
daughter cells are all shown Note the light cell walls surrounding the dense black P ro *°^ 
plast, and the diploid cells connected by a delicate strand of protoplasm, (Mudd, roievits > 
and Anderson, SAB No. 78.) 

very minute structures and with it Smith, Mudd and Hillter 22 have observed 
a kmd of reproductive process in the Bacteroides (p- 540) and pleuropneu- 
monia-like organisms (p 548) tn which these structurally fragile cells sivel 
to form large round bodies that then may undergo multipolar germination t he 
outgrowing processes segment to form numbers of daughter cells. Whether 
such processes are of common occurrence among other kinds of bacteria is not 
dear. 

The possibility of the occurrence of conjugation, and infercntially a sexua 
stage in reproduction, has been raised repeatedly but without adequate sup- 
porting evidence. Recently, however, Tatum and Lederberg 23 have reported 
the occurrence of mixed biochemical types of Bact. call produced in mixed 
culture of strains derived from a single parent by x-ray irradiation and diifer- 

82 Smith, Mudd and Hillier Jour Bact., 1948, 56 603. , „ _ n - 

• 3 Tatum and Lederberg Jour. Bact., 1947, S3 673, Lederberg Genetics, 1947, 32 5 
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of the cranial nerves is doubtful (sec Hurst 1950). The horse is therefore infective 
for the mosquito during only a brief ]>crio<] This is on additional reason for 
believing, as Tenbroeck, Hurst and Traub (1935) suggested, that the horse is not 
the primary reservoir of infection. 

The cause of the western type of the disease was found by Meyer, Haring and 
Howitt (1931) to be a filttable virus, A similar virus, differing from it immnno- 
logically was later shown by Ten Broeck and Merrill (1933), Howitt (1935), Records 
and Vawter{2935) and Shahan and Giltner (1935) to be responsible for the eastern 
type. Both viruses are estimated to be about 20-35 m ft in diameter (Bauer et al 
1935, Tang et al. 1937), though Sharp and his colleagues (1943) give a figure of 
about 50 mp. They can be grown readily in tissue culture and on the chorio- 
allantoic membrane of the developing cbick embryo. They remain viable in 
60 per cent, glycerol in the ice-cbeafc for a long time, but are readily destroyed 
by formalin. The eastern type is said to be more pathogenic than the western 
for guinea-pigs and rabbits, but both have a wide range of pathogenicity. Young 
animals are much more susceptible than old (Hurst 1950). The Argentine type of 
virus studied by Howitt (1935) appears to be identical with the western type, 
but the Venezuelan type, described by Beck and Wyckoff (1938) and Kubea 
nud Rios (1939), is immunologically distinct. 

In protection against equine encephalomyelitis inoculation with a formalized 
chick embryo vaccine, using the technique of cultivation described by Higbie 
and Howitt (1935), appears to be hopeful (see Eichhorn and Wyckoff 1938, Fother- 
gill 19416). 


Encephalitis Of Rats. — A virus, possibly related to the eastern equine encephal- 
itis virus, giving rise to encephalitis in rats, was recognized by Novy, Perkins, 
Chambers and Do Kruif (19531 when studying Treponema novyi in 1909, and 
described by Jordan, Nuiigester and Preston (1953), who recovered it from blood 
that had been put into sealed tubes 40 years earlier. The virus is about 2G m/i 
in diameter, and gives rise to the disease experimentally on intraperitoneal or intra- 
cerebral injection After an incubation period of 3-9 days, there is anorexia, 
roughening of the coat, apathy, gradual inability to walk, glazing of the eyes, an 
slight hmmatuna Death follows in 1-2 days preceded by convulsions. 

Encephalomyelitis of Mice. — This disease was described by TUeiler (1937) 
in the United States, Gildemeister and Ahlfeld (1938) in Germany, and Iguctu 
(2939) in Japan. It is characterized by flaccid paralysis of the Umbs and some- 
times convulsions. Infection can be transmitted by intracerebral, mtranasa 
and intraperitoneal inoculation. After intracerebral inoculation of mice t ere 
an incubation period of 5-30 days. Flaccid paralysis then develops, usua‘7 
affecting the fore limbs first, but being more severe in the hind nm s. ® 
usually follows 5-10 days after the onset of paralysis, but some animals wax 
and remain carriers for a time. Paralysed and carrier mice are rests an 
second intracerebral inoculation. There is evidence that immuni y ep 
the presence of neutralizing antibodies in the blood serum is o o e i ’ . 

vascular cellular infiltration is found throughout the central ! nervou * 

there is acute necrosis of the ganglion cells, particularly m e an ^ 

followed by neuronophagia. After intramuscular inoculation there is n y 
inclusion bodies appear to have been demonstrated yet. respect 

The virus is one of the smallest known— 9 to 13 m/t— resem m 0 50* G, 

the virus of poliomyelitis. It is readily destroyed at tempera are 
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ing in growth requirements It is very difficult to interpret this evidence on 
other than the basis of a gene recombination arising through conjugation 
between the cell types These observations have been confirmed by Haas, 
Wyss and Stone , 24 who have also observed an apparent fusion of chromatmic 
bodies on recovery from irradiation Whether this last is to be interpreted as 
cytological evidence of a nuclear fusion and recombination of mutant characters 
is not clear. 

While, then, a number of hinds of reproduction occur among the bacteria, 
binary fission is by far the most common. Under favorable conditions cell 
division may take place quite rapidly, as short a time as twenty minutes elaps- 
ing between one division and another of the colon bacillus. This rapidity of 
cell division is sometimes referred to as if it were a peculiar quality of bac- 
teria, but as a matter of fact the embryonic cells of many higher forms of 
life divide quite as rapidly as bacteria. The remarkable thing about bacterial 
cell division is not so much the rapidity with which one cell division succeeds 
another as the fact that a very short time suffices for the growth of the young 
cell to maturity. A young bacterial cell attains full size and acquires the 
capacity to produce, in its turn, an independent organism much sooner than 
most other forms of life. This rapid reproduction of distinct individuals is 
plainly different from the multiplication of embryonic cells among, higher 
organisms. 

The Growth of Bacterial Populations. For obvious practical reasons 
bacteria arc ordinarily manipulated and studied in groups consisting of large 
numbers of individuals. Likewise, bacterial growth is of practical significance, 
not in terms of one, two or three cell divisions, but as growth in populations 
which often reach a density of three to four hundred million cells per cubic 
centimeter of culture fluid. Growth of these organisms in culture may be con- 
sidered from a variety of points of view, the particular one adopted being 
dependent upon the nature of a given investigation. A simple view that is 
commonly, if tacitly, taken assumes that growth may be described by the 
reaction 

culture medium -f 0_> * bacterial protoplasm + oxidized substances, 

which proceeds from left to right and eventually comes to an equilibrium 
The reaction velocity constants may be determined either by the rate of dis- 
appearance of the reacting substances or the rate of appearance of end prod- 
ucts. Although complicated by a variety of side reactions, the assumption of 
such a relation has been extremely useful in the studies on bacterial metab- 
olism The growth of autotrophic bacteria, for example, is conveniently meas- 
ured in terms of the comcrsion of carbonate to the organic carbon of proto- 
plasm. A somewhat more mechanistic concept is that of the instability of an 
inoculated culture medium which, after undergoing a senes of complex 
changes, roaches a stable equilibrium at a considerably lower energy lc\cl. 
Such a concept is, of course, the basis of studies of the energy mctalxilism of 
bacteria. These and similar views arc oxersimplffied and, although of un- 
doubted value, present only limited aspects of the phenomena of bacterial 
growth 

Tree. Nat. Acad. Sci . 1948, 34 229. 
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The virus is about 10-15 m/i in diameter. It seems to be moderately resistant to 
drying, and is destroyed by heating at 70° C. for 30 minutes (Fortner 1 042). During 
life it can be demonstrated m the cerebrospinal fluid of sick animals, and occasionally 
m the faeces during the pre-paralytic stage, by inoculation into pigs. It has so far 
not been cultivated in vitro or in the fertile egg. In animals infected by the mouth 
it is said to be present in the blood during the early part of the incubation period, 
though not later. Animals that recover have neutralizing antibodies in the serum 
and are permanently immune. Their serum, however, has apparently no protective 
or curative action as ordinarily administered. The value of protective vaccines is 
doubtful. The slaughter policy is recommended by Klobouk (1952). (For further 
information see Fortner 1942, and Kaplan and Meranze 1948, who review the 
disease.) 

Encephalomyelitis of Coypus. — Wenckebach (1952) described the epizootic occurrence 
of acute and chronic encephalomyelitis in the coypu (Myocastor coypus) — the nutria of the 
fur trade — in Argentina. It is caused by a virus named the Maru.cn rims after the neigh- 
bourhood in which it was first recognized. In man the virus produces a disease often 
diagnosed as influenza. It is pathogenic for mice, guinea-pigs, rabbits and cats. It can 
be grown in the fertile hen’s egg. In sick animals it is found in the central nervous system, 
blood, lungs, liver and spleen. Histologically intranuclear and intracytoplasmic acido- 
philic Feulgen-negative inclusion bodies are demonstrable in the brain. 

Infectious Paralysis of Guinea Pigs, — This disease occurs sporadically in guinea- 
pigs, and closely resembles poliomyelitis. According to Romer (1911), who first 
described it, it can be transmitted to normal guinea-pigs by the intracerebral 
inoculation of filtered or unfiltered brain or cord suspensions. After an incubation 
period of 9 to 22 days, the animals become febrile and lose weight ; nervous disturb- 
ances develop, consisting of a gradually increasing muscular weakness, particularly 
of the hinder parts of the body ; paralysis of the hind legs develops, and occasionally 
of the bladder. The disease lasts from 3 days to 3 weeks Pathologically, the 
lesions are those of a disseminated mcningo-myeloenccphalitis They differ from 
those of poliomyelitis in showing greater meningeal infiltration, and in being most 
severe around the central canal of the cord The virus is constantly present in the 
central nervous system ; it is also found in the prevertebral, inguinal, and mesenteric 
lymph glands, and occasionally in the liver and spleen. 

Infectious Encephalomyelitis of Chickens. — This disease, which is sometimes 
referred to under the name of “ epidemic tremor of chickens," was reported by 
Jones (1934) in New England. It is characterized by tremor, mo3t noticea e 
in the head and neck, and progressive ataxia, either or both of which may e 
present in a single bird. Young chickens are mainly attacked, the usual age o 
onset being about 3 weeks. In commercial flocks the morbidity ranges ro 
5 to 50 per cent. In severe outbreaks about half the chicks may die , ea 
due to inanition caused by the progressive ataxia. Histologically, foca co eC10 
of glia cells, perivascular infiltration, and degeneration of nerve ce Is, es P e ^* 
of the Purkinje cells in the cerebellum, are found in the central nervous 8 7 
No inclusion bodies have yet been demonstrated. .The disease can be rcpr° 
in young chicks by intracerebral inoculation of brain and cord from a ec e _ 
The incubation period of the experimental disease is usually 2- ^ ee ® ^ 

follows about a week after the onset of symptoms (van Roekel et a . * , . ^ 

infective agent is probably fairly large, since it can pass throug a 
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The existence of bacteria in large aggregations or populations is of no little 
significance because ipso facto they are subject to the principles of population 
mechanics. The potential multiplication of these organisms by geometrical 
progression may be realized only up to a certain point. As numbers increase 
m the microcosm of the test tube, competition between individual organisms 
for foodstuffs, oxygen and the like progressively reduces the opportunity for 
further growth until a saturating population is reached. 

If no increasingly effective retardation were operative, the potential in- 
crease in a population would be expressed by the relation 


where Y is equal to the number of individuals per unit volume and h to the 
potential rate of multiplication of each organism. When, however, there is a 
maximal possible population, K, this potential geometric increase is only par- 
tially realized, the extent of the realization depending on how near the size 
of the population is to its maximum at any given moment. Or, mathematically, 2 ’ 


dY 

dt 



This equatton is the differential equation of the logistic cunc the mathe- 
matical form of which is. 



1 4- e* - 


This function, plotting as a symmetrical sigmoid curve, has been found to 
describe, with a high degree of precision, the growth of populations of a 
variety of organisms including man. yeasts, Drosophila, certain protozoa, etc. 

If the numbers of bacteria in a growing culture are determined from time 
to time and plotted against time, the points fall on a similar sigmoid curve. 
The resulting curve is, however, asymmetrical in that the point of inflection 
is not halfway between the upper and lower asymptotes but is considerably 
near the lower asymptote. This discrepancy between bacterial populations 
and populations of other organisms has not as yet been satisfactorily explained- 

Partly as a consequence of this discrepancy and partly as a result of the large 
error inherent in the enumeration of bacteria, the treatment of bacterial 
growth curves has taken a slightly different path. Such curves are ordinarii) 
not plotted arithmetically but on semilog paper; i.e., the logarithms of the 
numbers of bacteria are plotted against time. This procedure has the advantage 
that not only are the errors of enumeration minimized but, when the organ- 
isms are multiplying at a geometric rate, the points fall on a straight line an 
the generation time determines the slope of this line. Furthermore, the num- 
bers of viable bacteria, as determined by plate count, decline not long after 
the maximum population has been reached and the organisms appear to die 
off at a geometric rate. The equilibrium predicted by the logistic function is 

25 For a more detailed discussion of such rationalization the student is t0 ^° 1 ^ 3 

Principles of Physical Biology. Williams & Wxlktns Company, Baltimore. 1925. 



21(32 lymphocytic choriomeningitis 

(see p. 2085 and Pool cl al. 1930, Alston and Gibson 1931, Brownlee and "Wilson 1932 
Gordon cl al. 1932, MacLeod and Gordon 1932, Gordon 1931). The disease may 
also be transmitted to monkeys (Hurst 1931a) and to field voles (Findlay and 
Elton 1933). Both mice and monkeys can be infected by intranasal as well as by 
intracerebral inoculation (Elford and Galloway 1933a, Galloway and Pcrdrau 1935). 
The virus is about 15-20 m/i in diameter (Elford and Galloway 1933a). It can be 
cultivated in the fertile egg and in chick embryo tissue culture. It may infect man 
and give rise to meningo-oncephalitis, usually after a prodromal illness resembling 
influenza (sec Lawson el al. 1919). Most of the eases have occurred in laboratory 
workers. Neutralizing antibodies are detectable in the patient’s scrum within a 
few days and persist for years. Diagnosis may be made during life by injection 
of the blood or cerebrospinal fluid into mice. Sheep may be actively immunized 
by means of a 0*35 per cent forinolized vaccine made from abeep brain, cord, and 
spleen, but there is a danger of conveying .scrapie (.see p. 2187) by .such a vaccine 
(Gordon 19 10). Passive immunity* may be conferred on lambs born of non-immune 
mothers by subcutaneous injection of antiserum at birth (Wilson and Gordon 1948). 
For human beings ex|»osed to special risk of infection a vaccine prepared from 
forinolized mouse brain is .suggested (Edward 1918). 


L YMPIIOC Y TIC CHORIOMENINGITIS 
PSEUDO L YMPIIOCYTIC CIIORIOM ENG1TIS 
DURAND'S DISEASE 

These three diseases may be considered together. In 1925 Wallgren coined the 
term “ acute nseptic meningitis ’’ to comprise cases of an acute febrile disease, 
accompanied by* meningeal irritation and sometimes by inflammation of the upper 
respiratory tract, terminating favourably* within 10-1 1 days. Since then benign 
lymphocytic meningitis, as it is sometimes called, has been found to be of varied 
aetiology It is sometimes met with, for example, during the course of mumps and 
glandular fever , it is not at all an uncommon manifestation of human infection 
with Leptospira earn cola ; and it is a dominant feature in the disease of swineherds 
(see p. 2031), which is caused by Lcplospua pomona. In this section wc shall deal 
with the virus of (1) lymphocytic choriomeningitis, which has been reported chiefly 
from the United States and occasionally* from other countries ; (2) pseudo-lympho- 
cytic choriomeningitis, which has been isolated on only* two occasions both in 
Great Britain , and (3) Durand’s disease, of which only one case has been recognize 
— in Tunis 

Lymphocytic Choriomeningitis. 

Armstrong and Lillie (1934), while investigating a fatal case of St. Louis 
encephalitis, isolated a virus, quite different from the ordinary St. Louis virus, 
which gave rise in experimentally inoculated monkeys and mice to a lymp ® 
cytic choriomeningitis. An apparently identical virus was isolated by Scot a “ 
Rivers (1936) (see also Rivers and Scott 1936) from two benign cases of non-boctsn 
lymphocytic meningitis in adult males in the United States, and by Findlay, A coc , 
and Stern (1936) in this country from the cerebrospinal fluid of two patien 
exhibited vague nervous symptoms following a febrile attack. A similar or i en 1 
virus was isolated by Findlay and his colleagues from an irradiated mouse s ow 
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not realized unless experimental conditions are such that the food supply is 
constantly renewed and the waste products arc removed. Such an equilibrium 
is attained, for example, in cultures in constantly flowing culture medium 
and the viable count tends to attain and persist at a constant level though 
the total count continues to rise, i.e., multiplication balances the death rate, 
but the dead cells accumulate. 2 ® A graphic representation of the rise and 
decline in numbers of viable bacteria in culture is given in Fig. 16. 



Fir 16 Diagrammatic representation of a bacterial growth curve, numbers of viable 
organisms plotted against time of incubation. A, initial stationary phase, B, positive growth 
acceleration phase, C, logarithmic growth phase, D, negative growth acceleration phase, 
E, maximum stationary phase, F, phase of accelerated death, G, logarithmic death phase. 
(After Buchanan.) 

Buchanan- 7 has divided this curve up into seven parts which he designates 
as follows. 

A Initial Stationary Phase. During this phase the number of bacteria remains constant. 

B Lag Phase or Positn e Grou-lh Acceleration Phase During this phase the generation 
time decreases progressive!) until a minimum is reached. 

C- Logarithmic Growth Phase. Tn this phase the generation time remains constant and 
the organisms increase in numbers by geometrical progression 

D Negative Growth Acceleration Phase. The generation time progressively increases 
during this phase and the bacteria continue to multiply but at a decreasing rate. 

E. Maximum Stationary Phase. I Icrc the numbers of viable bacteria are at a maximum, 
neither increasing nor decreasing 

T Phase of Accelerated Death. Following the stationary phase, the numbers of viable 
bacteria decrease, slowly at first but with increasing rapidity, until a relative!) constant rate 
it attained 

G l-ogorilJimiC Death Phase. During this phase a constant rate of death is maintained. 
It should lie noted that this rate is not maintained indefinitely for the cun e tends to become 
avsmptotic to the X axis. 

Different explanations have been ofTcred to account for the varying growth 
rates observed in bacterial cultures. The failure of inoculated organisms to 

** Jordan and Jacobs Jout. Baa., 1944, 4S.-S79. 

11 Buchanan. Jour Inf Dts., 1918, 23-109. Sec the review by Himhelvvond* Biol. Rev .. 
1944, 19 150. 
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antigen of protein nature can be demonstrated in the virus by precipitin and 
complement-fixation reactions (Smadel el at. 1939, 1910). It appears to be different 
from the antigen that reacts with neutralizing antibodies in immune serum. 

Diagnosis— The cerebrospinal fluid is usually under pressure and contains 
an excess of lymphocytes, though this is not invariable. The globulin is often 
increased ; the sugar may be low ami the chlorides normal. The virus can be 
demonstrated in the blood and throat washings, or in the cerebrospinal fluid soon 
after the onset of meningeal symptoms, by inoculation intracerebrally into mice 
derived from a known non-infcctcd stock, and its identity may be determined 
by neutralization with specific sera or by a specific complement-fixation reaction 
(Smadel and Wall 1911). Indirectly, the diagnosis may be assisted by the 
demonstration of complement -fixing antibodies (see Casals and Palacios 1911) 
or of neutralizing antibodies (Armstrong nnd Wooley 1935, Wooley cl at. 1937) 
in the patient’s scrum. Complement-fixing antibodies appear within the first 3 
weeks, neutralizing antibodies not for G-10 weeks. Serum should be taken at the 
beginning of the disease, nnd again after 4-12 weeks according to the test that is 
to be u^cd. Unlike the coinplcinent-fixing antibodies, which disappear within a 
few months, neutralizing antibodies persist for years. 

Pseudo-lymphocytic Choriomeningitis. — Only two cases of this disease have so 
far been described. Clinically, they resembled benign lymphocytic choriomenin- 
gitis. JfacCallum and his colleagues (1939) isolated a virus from the cerebrospinal 
fluid of each of the patients. It was considerably larger in size— 150 to 225 m/i— 
than the true choriomeningitis virus. It gave rise in mice, guinea-pigs, and rhesus 
monkeys to a clinical and pathological picture very similar to that of chorio- 
meningitis, except that in mice inoculated intracerebrally the incubation period 
was shorter — 4 to 5 days instead of 5 to 12 days— and the pathological lesions 
were less extensive. Judged by cross-immunity tests in mice, the two viruses 
appeared to be distinct. 


Durand’s Disease. — Durand (1910) described a febrile disease in himself, which 
he showed to be caused by a virus. Findlay (1942), who likewise contracted the 
disease while working with the virus in the laboratory, suggested the name Durand’s 
disease The symptomatology appears to be variable. Fever lasts about 10 days, 
and is accompanied by headache, and sometimes by symptoms of meningeal, upper 
respiratory or gastric inflammation. Blood taken during the fever is infective 
for guinea-pigs , occasionally the urine or cerebrospinal fluid may also be shown 
to contain the virus. Guinea-pigs arc susceptible to inoculation by practically 
any route. After subcutaneous injection there is an incubation period of about 
G-10 days, which after one or two passages of the virus /alls to 2-5 days. There 
is fever lasting G-10 days, local enlargement of the lymph nodes, dyspnoea, severe 
loss of weight, and a leucopenia after a preliminary leueocytosis. Only a out 
10 per cent, of the animals die — usually after 3—4 weeks Animals killed a wee 
or so after the onset of the fever show emaciation, a local haemorrhagic gelatinous 
oedema, great enlargement of the spleen, some degree of interstitial pneumonia, 
and sometimes a brownish-yellow discoloration of the liver. The virus is presen 
in the blood and organs Intratesticular inoculation of guinea-pigs pro uces a 
orchitis. Animals that recover from the disease arc immune. Cats, ogs, an 
rhesus monkeys show some meningeal reaction after intracerebral mocu a w ”j , 
most other animals develop only a latent infection Two human patien 3 m ° c . 
subcutaneously by Durand for purposes of pyrotherapy became febri e m ) 
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begin multiplication at the maximum rate at once lias been attributed both to 
environmental factors and to the physiological state of the organisms. For ex- 
ample, it has been assumed that a partial pressure of carbon dioxide is essential 
to cell division, for, when it is prevented from accumulating by gassing with 
COa-free air or nitrogen, growth does not take place. On the other hand, the 
stationary and lag phases are said to be entirely eliminated by inoculation from 
a culture which is in the logarithmic phase of growth. Hinshelwood 3 * has 
presented convincing evidence of a true and apparent lag phase, the latter 
resulting from the admixture in the inoculum oF dead and dying cells with 
those capable of active proliferation. He suggests that the lag may be attributed 
to the time necessary for the accumulation of enzymes, diffusible coenzymes 
and essential intermediate compounds in the synthesis of cell substance (p. 
185) to concentrations at which synthesis may occur at a maximum rate. The 
lag phase is of particular interest in connection with the action of drugs on 
bacteria (p. 152), since the bacteriostatic drugs produce an effect which is 
seemingly that of an indefinitely prolonged lag phase. 

Hershey-’ 9 has developed mathematical equations by which the latent 
period in multiplication and the numbers of organisms expected at any time 
during the phase of rapid growth may be predicted. Since only differences 
in the size of the cells are postulated (see below), the satisfactory agreement 
of experimental data with calculated values has undoubtedly more than acci- 
dental significance. 

During the logarithmic growth phase the number of cells increases at a 
constant and practically exponential rate, for the mortality, under favorable 
conditions, is very low, more than 90 per cent of the cells continuing to 
divide. The rate of multiplication is independent of food concentration and of 
the effects of toxic substances over a relatively wide range, though at critical 
concentrations the activity of the latter increases sharply and contributes in 
large part to deceleration at the end of the logarithmic phase. The logarithmic 
growth phase, then, may be regarded as a steady state in which enzyme and 
substrate concentrations are maintained at such a level that the rate of syn- 
thesis of cell substance proceeds at the maximum for the strain of bacteria m 
that environment. 

Likewise, the decreasing growth rate in the negative growth acceleration 
phase has been accounted for in various ways, including the rate of diffusion 
of oxygen into the medium, the accumulation of toxic by-products such as 
organic acids and ethyl alcohol, etc. It is probable that different factors arc 
operative with different microorganisms and with the same microorganism 
under different conditions, and that each culture constitutes a special case. 

The mechanisms operative in bacterial death, both in culture and in t e 
presence of antiseptics, are uncertain. The survivor curves are logarithmic, 
i.e., the same percentage of viable organisms is dying at any particular moment. 
The fact that this rate may be described by a mathematical expression wine l 
likewise describes a monomolecular chemical reaction is generally held to c 

2S Hinshehvood Chemical Kinetics of the Bacterial Cell. Garendon Press, Oxford- 
1946. 

3< * Hershey. Jour. Gen Physiol, 1939, 23.11. , f 

10 Hennci Morphologic Variation and the Rate of Growth of Bacteria. Charles 
Thomas, Springfield and Baltimore. 1928. 



llflS MECHANISMS OF SPECIFIC ANTIBACTERIAL IMMUNITY 

experiments of Lurie (1042), who injected tubercle bacilli into normal and immune rabbits, 
and two days later removed specimens of tissue, from which he obtained suspensions of 
mononuclear phagocytes containing ingested tubercle bacilli. These were injected into 
the anterior chamber of the eye of normal rabbits, “ immune ” cells into one eye, “ normal ” 
cells into the other. After 10-14 days “ normal ” cells had proliferated, and the chamber 
contained large numbers of intracellular and extracellular tubercle bacilli ; “ immune ” 
cells had not proliferated and only a few degenerate bacilli were seen, mostly intracellular. 
Viable counts of the contents of the anterior chamber confirmed the inference that the 
“ immune ” cells inhibited the growth of tubercle bacilli. It is not, however, clear how 
far the increased immunity was specific for tubercle bacilli. For example, in earlier studies 
Lurie (1939) showed that macrophages from tubercle-immune animals were more actively 
phagocytic in vilro than those from normal animals, but that the activity was displayed, 
not only towards tubercle bacilli, but towards inert particles and other bacteria. Sutcr 
(1953) recorded a similar enhancement of the ability of tissue-cultures of guinea-pig and 
rabbit monocytes to suppress the intracellular multiplication of tubercle bacilli, in animals 
immunized with B.C.G, 

Perhaps the strongest argument in favour of the essential role of the serum 
antibodies in antibacterial immunity is the fact that such immunity is specific. 
It is true that a non-specific active immunity can sometimes be induced ; but it is 
almost always moderate and transient (see Chapter 52). Effective and durable 
active immunity is usually narrowly specific ; and in many cases we can identify 
the particular antigenic component, or components, on which it depends. There 
may be a specific immunity whose induction, like that of antibody immunity, is 
associated with the presence of a characteristic component of the bacterium, and 
which has nothing to do with antibody formation ; wc must then invoke an 
additional specific mechanism, in which the same antigenic components are in 
some way involved There is nothing very unlikely in such an assumption, and 
it may well prove to be correct , but it will accord with the sound principle of 
economy of hypothesis, to reserve judgment pending the accumulation of further 
evidence. 

The Dependence ol Effective Antibacterial Immunity upon Particular Antibodies. 

On which of the various serum antibodies does antibacterial immunity depend ? 
This question was answered, in respect of one particular infection, long before anyone 
realized that it had been asked. Ncufeld and Handel (1909), in their classical 
paper on the testing of untipneumococcal sera, first showed the existence of different 
serological types of pneumococci by noting that a given serum would protect a 
mouse against one strain of pneumococcus but not against another. 

The demonstration of the presence of two separable antigenic components in the 
pneumococcal cell — the type-specific polysaccharide and the non-specific nucleoprotein 
— afforded an obvious opportunity of approaching this problem along more satisfying lines ; 
and the results obtained wero unequivocal. The antibody corresponding to the poly- 
saccharide hapten was found to have a high protective value : the antibody corresponding 
to the nucleoprotein antigen had little, if any, protective effect (Avery and Morgan 19- , 
Avery and Neill 1925). A decisive demonstration of the protective action of the antibody 
acting on the specific polysaccharide, in the absence of antibodies acting on any *>• er 
constituent or product of the pneumococcal cell, was made by Avery and Goebel (1 )• 

They prepared a synthetic antigen by linking a purified polysaccharide from a cu tore 
of Type III pneumococcus to horse globulin, and w ith this nntigen they immunize ra i s. 
The antisera so obtained protected mice against Type III pneumococci, but not against 
Type I or Type II pneumococci 
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nothing more than a fortuitous coincidence, and the conclusion drawn by 
some workers that bacterial death is a monomolecular reaction has no basis in 
fact. 

Morphologic Variation During Growth. 30 It has been observed that 
both the morphology and the physiological activity of bacteria differ in differ- 
ent phases of the growth of a culture. As growth begins to get under way, the 
maximum size that a given cell reaches before fission increases somewhat, 
and microscopic examination shows that a large proportion of the bacteria in a 
culture at this stage of development are appreciably larger than at other times. 
The cells stain evenly, and there is no evidence of granular structure even m 
those organisms in which metachromatic granules are most readily demon- 
strated The rate of respiration per cell increases, reaching a maximum at the 
end of the phase of accelerating growth and declining as the culture goes into 
the logarithmic growth phase. The increased metabolic rate in the early 
growth stages is, however, more apparent than real and has been shown 31 
to be quantitatively related to cell size The cell size declines also as the culture 
goes into the logarithmic growth phase, although the individual cells remain 
homogeneous and take stains evenly. By the time the stationary phase is 
reached, the bacterial cells are uniformly smaller and in cultures of spore- 
forming organisms, many are forming spores. As the viable bacterial count 
decreases the cells no longer stain uniformly but show a granular structure 
and involutionary forms appear. This succession of morphologic types, the 
embryonic or young cells, the mature forms and finally the senescent forms, 
has been designated cytomorphosis. 30 It is possibly analogous to a similar suc- 
cession of events in the higher forms of life. 

TI1E CHEMICAL COMPOSITION OF BACTERIA 

The chemical composition of bacteria is not greatly different from that of 
other living material. They differ in composition from species to species, and 
the chemical constitution of a given species is influenced to a considerable 
extent by the composition of the medium upon which the organisms are 
grown. In consequence, a precise statement of the relative amounts of the 
compounds and elements of which these organisms are composed is not pos- 
sible, only crude approximations may be made. 

Bacterial cells contain considerable quantities of water but somewhat less 
than the cells of the higher plants and animals Estimates of water content 
vary widely, very likely owing to the difficulty of getting accurate wet weights. 
Although some organisms have been reported to contain as much as 90 percent 
water, most bacteria show, in the hands of careful workers, 70 to 80 per cent 
water In some species of bacteria an appreciable part, 17 to 28 per cent, 
of this is bound water. 3 - The ash content, i.c., the inorganic material remain- 
ing after combustion of the cells, depends to some degree, both qualitatively 
and quantitatively, on the inorganic content of the medium on which the 
organisms are grown. The values arc, therefore, subject to considerable varia- 
tion, and base been given as from 2 to 14 per cent of the dry weight of the 
cells. The ash is largely phosphoric acid, the P2O5 content ranging from 10 
to 45 per cent of the total ash. Undoubtedly a considerable proportion of this 

31 Hershey ami Rronfenbrenncr. Jour. Gen. Pli>»iol., 1938, 21:721. 

** C/. Friedman and Henry: Jc«r. Ract., 1938, 36.99. 
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outbreak m 1917, when the attack rate was 18 per 100,000. In the epidemic of 
1921 in Iceland an attack rate of 470 per 100,000 was registered. The disease 
resembles cerebrospinal meningitis in affecting only a small proportion of the 
population ; though, as in meningitis, there is reason to believe that the disease 
is often widespread in a sub-clinical or latent form. Several workers on the basis 
of epidemiological or virological evidence have concluded that under endemic con- 
ditions there are something like 100 latent cases to every paralytic case (Stocks 
1932, Howe 19(9, Brown et <tl. 1919) In Chicago it was estimated that most 
children had probably been infected once by their 1th birthday and 75 per cent, 
twice by their 6th birthday, even though only a small proportion of them experienced 
the paralytic form of the disease (Casey et nl 1930) ; and that in Baltimore m 
1917-8 there were probably 1,000 latent infections to every clinical case (Turner 
ft nl. 1930). The case-fatality rate of the declared disease varies considerably, but 
is usually about 10-15 per cent. It is lowest in infancy and rises with increasing 
age. Thus for Sweden between 1925 and 1911 Olm and Ilcinertz (1931) give the 
figures quoted in Table 178. The proportion of cases that show residual paralysis 
is difficult to estimate, because there is an increasing tendency among clinicians to 
diagnose the disease in the pre-paralytic stage. In this way a considerable number 
of abortive cases arc included that do not develop paralysis at all. Probably not 
more than about 15-10 per cent, of the total cases show residual paralysis, and in 
many of these partial or even complete restoration of function ultimately occurs. 
Males arc affected more often than females. 

TAHLE 178 

Case-fatality Hate or Poliomyelitis is Swedes 1925-44 accoudiso to Aoe. 
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In the past poliomyelitis has been largely a disease of infancy and early chil - 
hood, but of late years the older age groups have been progressively more and 
more affected (see Burnet 1940). Thus, in the Danish outbreak of 1934 no fewer 
than 33-2 per cent, of the cases were in persons aged 15 years or more (Jensen 
1935). There is reason to believe that the attack rate in persons infected for t e 
first time is lowest in infancy and highest in adolescence and young adult life, n 
countries with a low level of salutation the disease, mainly in the non-paralytic forni, 
is prevalent in infants and young children On the other hand, in countries wi 
a high level of sanitation, little sub-clinical immunization occurs in early i e, so 
that the average age of infection tends to be later and, as the incidence olpaTa. ysi 
rises with age, the paralytic form is seen more frequently (sec Sabin 1947 >, e so 
1917 , Burnet 1952). For example m the outbreak m Malta in 1912-3 cases wer 
restricted mainly to children of the indigenous population and to mein era i ° * 

British armed services; the adult Maltese escaped almost completely (».e 
et al 1945). For the same reason the incidence of the disease tends to e 
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phosphorus exists in the cell in the form of nucleic acids. Sulfur, potassium, 
chlorine and calcium are also present in notable amounts, together with 
usually smaller quantities of magnesium, iron, silicon, etc. 

There is a good deal better agreement regarding the carbon content of bac- 
teria, for most analyses give about 50 per cent of the dry weight as carbon. 
A part of this, of course, is present in the cell as protein, but the polysaccharide 
gums which make up the capsular material account for a considerable portion. 
Cellulose is not a common constituent of bacteria but has been identified 33 
Hemicellulose is often present, and starchlike material (granulose) is found 
within the cells of some species. 

The total nitrogen of bacterial cells varies more widely. An estimate of 8 
to 15 per cent of the dry weight is in accord with the majority of analyses A 
part of the nitrogen is present in the cell as protein, but very little is known of 
bacterial proteins. Both albumins and globulins have been isolated, the latter 
much more frequently. A fraction obtained by extraction by dilute alkali and 
called nucleoprotein has been of immunological interest and has been studied 
more thoroughly than other protein constituents. It appears to be a globulin 
combined with nucleic acid. In amino acid content the bacterial proteins do not 
differ materially from plant and animal proteins, and, in contrast with inor- 
ganic salt content, the amino acid composition of a given bacterium is a 
highly stable character and unaffected by variation in the culture medium. 34 

A finding in keeping with the high phosphorus content of bacterial ash 
is the relatively large proportion of the total nitrogen that may be accounted 
for as nucleic acid These organisms contain a higher proportion of nucleic acid 
than any other tissue except thymus, a characteristic they share with the yeasts 
and molds. As much as 7.1 to 11.5 per cent of the total nitrogen is purine 
nitrogen. Adenine, guanine, cytosine and thymine have been isolated from the 
tubercle bacillus, the presence of thymine and the absence of uracil suggest- 
ing the animal type of nucleic acid. Guanine has been isolated from the colon 
bacillus and cytosine and uracil from the cholera vibrio. Thymine is absent 
from the latter, suggesting in. turn the plant type of nucleic acid. In addition 
to the nucleic acids proper (polynucleotides), their decomposition products 
occur in the cell, including mononucleotides, nucleosides and the free bases 
The structure of bacterial nucleotides is uncertain although the predominating 
base is adenine. The function of adenyl pyrophosphate as a phosphate carrier 
in fermentation is discussed elsewhere (p. 90). 

Some bacteria contain considerable quantities of fats, lipids and waxes, 
i.e., ether extractable material. The variation among bacteria as a group is 
great, analyses indicating that from 2 to 40 per cent of the dry weight may be 
lipoid in nature Here, however, the variation within a species is not so great- 
but certain species, such as the acid-fast bacteria, contain large amounts o 
ether extractable material. These, for the most part waxes and complex alco- 
hols, appear to be associated with the acid-fast staining properties of these 
organisms. 

33 Hjbbcxt and Barsha: Jour. Amer. Chem. Soc., 1931, 53:3907. 

3 * Stokes and Gunness: Jour. Bact., 1946, 52:195; Freeland and Gale. Bioehem. jo° r - 
1947, 41 135. 
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bo found in the fa?cos, not only of patients, but of contacts during an outbreak. Thus 
Lnngmuir(l042) found it in the fxcce of 4 out of Senses and of 20 out of 27 intimate contacts! 
The studies of Pearson and his colleagues (Pearson and Bcndtortf 19 15, Pearson d al. 1945) 
seem to show that tho vims is restricted very largely to cases and close contacts. Tlius, 
during an epidemic at Forth Worth, Texas, in 1943 the virus was demonstrated in the 
Btools in 6 out of 8 households containing 27 familial contacts, in 8 out of 45 households 
containing 80 non-farailial contacts, and in only 2 out of 127 households containing 
374 non-contacts. Similarly, Kessel and Moore (1945), who examined tonsils and 
stools from non-contacts during an mtcr-cpidcmic period, isolated the virus from 
only 5 out of 136 persons studies! (see also Francis and Broun 1948, Casey et al. 1950). 
Sabin and Ward (1911) were unable to find the virus in saliva. At post-mortem it can 
be demonstrated in the spinal coni, in parts of the intestinal tract, and sometimes in the 
tnph nodes (see Wcnnerand Paul 19(7), but not in the cerebrospinal fluid or tinne. For 
a long time it w as believed to lx* absent from the blood, but there is increasing evidence that 
in man, in chimpanzee's, and in cynomolgus monkeys it may be present during the pre- 
pnralytic stage of the disease (sec Kopronski rt al 1917, llorstmann 1932a, Bodian 1932a, 
Bodmn and PnfFcnbnrger 1931). 


The interpretation of these findings is difficult. They must he related lo the 
epidemiological picture. In spite of the fact that the virus is present in the intestinal 
tract, is excreted in the fieces, is often present in sewage (Paul el al. 1910, Paul and 
Trask 1911, 1912, Melnick 1917, Rhodes cl al. ] 950h), and has been isolated from 
flies (Trask <7 al 1943, Ward rt al. 1915 ; sec also Melnick and I’enner 1952), the 
disease docs not behave like n water-borne disease (sec Maxcy 1913). It is true that 
a few milk-borne outbreaks arc on record (sec Aycock 1911, Goldstein et al 1916), 
but it is well known that diseases of the respiratory tract, such as scarlet fever 
and diphtheria, may occasionally be carried by milk. In most outbreaks that have 
been carefully studied, a history of close contact with cases or with persons closely 
associated with cases has been established (see Burnet 1910, Aycock ami Kessel 
1913, Casey 1915, MeFarlan cl al. 1946, Silvcrtliornc et al 1949, Tyrrell 1951). 
The closeness of the association necessary is illustrated by the outbreak at Eccles, 
where the disease was confined for 6 weeks to one-half of the borough by a narrow 
canal (Sueetnam 1948). This epidemiological evidence is in general conformity 
with the laboratory evidence which shows, as noted above, that the virus is largely 
restricted to cases and close contacts of cases. It seems probable, therefore, that 
infection is transmitted mainly by intimate contact with the pharyngeal secretions 
of patients near the beginning of the illness or with the hands of patients or carriers 
soiled with pharyngeal or ftecal material (see Dauer 1947). 


The statements that infection occurs mainly bj* intimate association with cases, an 
that the virus can seldom be found except in cases anil close contacts, may seem a 
variance with the previous statement that under endemic conditions there are estims if 
to be 100 latent infections to every clinical case. The discrepancy is more apparen * 
real. For example, at Forth Worth, Texas, 10 cases of pohomj ehtis occurred in a popula- 
tion of 200,000. If 100 persons « ere infected to every clinical case, then there mus 
been 1,000 latent infections. Pearson and lus colleagues (1945), who exannn a ** . 
of 374 persons without a history of contact, found 2 f*cal carriers— a num r 6g ^ 
closely with the expected finding of 1*8. It must also be remembered that t he* is^ 
intimate association refers particularly to paralytic cases It rnaj w ell c <leve i ope d 
contact may give rise to infection of a degree insufficient to cause i > 


clinical disease 

How the virus reaches the centra! nervous system after gammg access t 



Chapter 4 


BACTERIAL PHYSIOLOGY 1 


The biochemical changes brought about through the activities of bacteria are 
by far the most obvious manifestations of their existence. The long-known 
but little understood phenomena of fermentation, putrefaction and decay, 
soil fertility and infectious diseases of man and lower animals are, in essence, 
no more than the exhibition of one or more of the many facets of the bio- 
chemical potentiality of these microorganisms The oxidation of ammonia by 
the nitrifying bacteria, the decomposition of carbohydrates to alcohols and 
acids and the production of substances toxic to higher animals are a part of the 
normal activities of this heterogeneous group of living organisms. The elucida- 
tion of many of these phenomena has not only made possible a partial control 
of a not inconsiderable portion of man's environment but has provided an in- 
sight into the life processes of these organisms, organisms structurally so 
simple that morphology cannot carry us far in their study. 

The term bacterial physiology, or, sometimes, bacterial metabolism, is a 
broad one which is generally assumed to include the entire sequence of events 
taking place in a bacterial culture. Since the small size of the individual bac- 
terial cell precludes the utilization of many of the physiological techniques 
adapted to the multicellular, differentiated organism, the physiology of bac- 
teria becomes, for all practical purposes, a biochemical physiology. The very 
magnitude of the biochemical changes brought about by these organisms tends 
to reinforce a belief in their relative importance, bacteria have, for example, 
been shown to consume forty to sixty times as much energy as man in terms 
of calorics per gram of body nitrogen. The obvious significance of physiological 
activities is so readily apparent that it has tended to obscure to many the un- 
doubted importance of the environmental factors that influence the function- 
ing of the living cell. It is to be borne in mind, therefore, that although bac- 
terial physiology is a branch of general cellular physiology, it must be regarded 
as a special case which, in many instances, goes considerably further afield into 
other fundamental aspects of biolog)' than the present concept of cellular 
physiology is generally assumed to do. 

1 For general and more detailed discussions see- Buchanan and Fulmer- Physiology and 


Moulder, who also res iscd the section on autotrophic metabolism 
61 
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and the animal easily becomes tired. Within a few hours ataxia develops, accompanied 
by tremor of the arms, legs or head. The ataxia rapidly merges into a flaccid paralysis, 
which extends to practically all the muscles of the body except thoso of the tail, jaws 
and diaphragm. Tho tomperaturo drops to subnormal, the animal becomes weaker, and 
dies within 3 days after becoming prostrate (Amoss 1028). At necropsy, tho lesions are 
similar to thoso in human beings, and may bo briefly summarized as follows r (I) The 
lesions are chiefly in tho grey matter of tho cord ; tho brain is only slightly affected. 
(2) There is a striking porivascular sheath infiltration, and a more diffuse infiltration of 
the groy matter of tho cord ; tho cells consist chiefly of lymphocytes, with a fair proportion 
of polymorphs and a small number of large cells with clear nuclei ; plasma cells and lympho- 
blasts aro rare. (3) There is severe degeneration of tho ganglion cells of the grey matter ; 
all stages of cellular degeneration, from a slight chromatolysis to complcto neuronophagia 
can he seen. (4) Hemorrhages are usually present in tho groy matter of the cord (McIntosh 
and Scarff 1928, Hurst 1929). Characteristic intranuclear inclusion bodies bare been 
described in tho nerve cells of fatal human cases, though in monkeys they aro less easy 
to demonstrate owing to tho very rapid necrosis that these cells undergo (Hurst 19316). 

Though Flcxncr, using M. the ins monkeys, was unable to set up the diseaso by feeding, 
Kling, Levaditi and Hornus (1934) showed that M, cynomolgus monkeys were susceptible. 
The results of these workers were confirmed by Lupine and S£dalhan (1939) and Vignec, 
Paul and Trask (1939). Chimpanzees can likewise ho infected by tho mouth, even after 
bilateral section of the olfactory tract (Howe and Bodian 1941a). Aisenlerg and Grubb 
(1043) recorded the successful production of poliomyelitis in rhesus monkeys by instillation 
of infective material into the pulp canal of three anterior teeth. The cavities were immedi- 
ately scaled to prevent escape of the virus. After 8 days all four legs were paralysed. 
At post-mortem, lesions were found in the Gasserian ganglions, suggestive of a direct 
nervous spread to the brain. 

Armstrong (1939) showed that the Lansing strain of poliomyelitis virus, which had 
been passed through monkeys, could be transmitted by intracerebral inoculation to cotton - 
rats {Sigmodon htspidus htspidus) ; and Jungcblut and Sanders (1940) showed that, after 
becoming adapted to tho cotton-rat, tho strain could be passed on to t chile mice. The 
incubation period in cotton-rats is 3-8 days, in white mice 2-10 days. Paralysis of one 
or more legs is first observed and death occurs [com respiratory failure in 24-48 hours. 
Recovery is uncommon (Armstrong 1941). 


Properties of the Virus. — Flcxncr and Noguchi (1913) described the cultivation 
of minute globoid bodies, 0-1 5-0-3 ft in diameter, in an ascitic fluid rabbit kidney 
medium, and brought evidence to show that these bodies constituted the causative 
agent of the disease. The balance of evidence, however, is definitely against this 
conclusion (see Fairbrother 1929). Later work showed that the virus is proba / 
much smaller— 12-17 m/i (Theiler and Bauer 1931), 8-12 ny< (Elford etal 1935). 
It resisted cultivation for a long time In 1949, however, Enders, Weller an 
Robbins succeeded m growing the Lansing strain in cultures of human em rjonic 
tissues, and in demonstrating the extremely interesting fact that growth cou occu 
in tissue devoid of mtact neurons. This work opened up a new phase m t e m\ es i 
gation of poliomyelitis. Numerous papers by different workers appeare m rap 
succession in which it was shown that culture was possible in the presence o urn 
foreskin, human testicle, and later monkey testicle ; that the Rrunhr e an 
Leon types could be grown as well as the Lansing type ; that roller-tu e cu 
in which growtli of the virus could bo detected by its cytotoxic effec on be 
growing fibroblasts wore peculiarly valuable ; that colonies of the ^ 

demonstrated by the formation of plaques on a layer of nl °***J\ „ of the 
covered with agar , that tissue culture could be used for prim- ) 
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Morphologically bacteria are simple organisms and are often regarded as 
a primitive type of cell. These organisms arc not simple physiologically, how- 
ever; many of them oxidize glucose, for example, by mechanisms very similar 
to and often more complex than those used by higher animals. Others, such 
as the nitrifying bacteria, whose respiratory processes consist of but a single 
simple oxidation, synthesize all the components of protoplasm from inorganic 
compounds of carbon and nitrogen— a more complex process than that of 
joining together preformed amino acids. Since these organisms metabolize in 
these and other highly complex ways, it is difficult to regard them as physio- 
logically simple. There is, however, some reason to think that bacteria are 
primitive cells. The view that the pathogenic organisms are degenerate forms 
cannot be taken to imply that the free-living forms are likewise degenerate 
with respect to other living cells, for such a postulate entails the assumption 
that the physiological capabilities of these organisms are acquired characters, 
and is not in keeping with current knowledge of biology. The multiplicity of 
reactions which bacteria are able to bring about suggests that, in these organ- 
isms, the original capabilities of protoplasm have not been lost to the extent 
that they have been by the differentiated cells of higher organisms. The ani- 
mal body, for example, has no mechanism for the breakdown of cellulose, yet 
bacteria having the ability to hydrolyze this substance are universally dis- 
tributed in the soil. Bacteria capable of breaking down a particular organic 
compound have been isolated since the early days of bacteriology by the rela- 
tively simple expedient of inoculating a highly specific medium containing 
the substance under consideration as the only source of energy with a complex 
mixture of organisms such as exist in samples of soil. It is probable that by this 
method a bacterium could be found which would oxidize almost any organic 
compound. No group of higher organisms shows such a high degree of 
physiological flexibility. The wide range of carbon compounds that a single 
bacterial species may oxidize and the multiplicity of end products of the 
fermentation of a single carbohydrate likewise point toward such a flexibility. 
The simplicity and variability of the nutritive requirements of many bacteria 
also suggest a physiologically primitive cell. 

The physiological economy of the cell is dynamic rather than static, and life 
is compatible only with a state of greater or lesser, but nevertheless continuous, 
physiological activity This activity may be approximately separated into two 
phases, the exothermic, oxidative, energy-yielding reactions, and the endo- 
thermic reduction reactions of synthesis. The former make possible a con- 
tinuous, regulated supply of energy to the cell, while the latter channel this 
energy, or a part of it, into the synthesis of cell substance. The living cell may, 
therefore, be regarded as a machine for the manufacture of protoplasm, operat- 
ing with a greater or lesser degree of efficiency, whose energy is supplied by the 
complex process of respiration. This oxidation-reduction process is not com- 
plete within itself, i.e. t the machine is not 100 per cent efficient, and the 
respiratory oxidations are not precisely balanced by the reductions of synthesis. 
Other substances must, therefore, be reduced to balance the excess of oxidation 
reactions and this is carried out through a series of reactions leading to the 
eventual reduction of atmospheric oxygen. The separation of the processes o 
respiration and synthesis cannot be complete, of course, for in many instances 
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intensive study of the pathogenesis of the disease likewise showed that antibodies 
appeared in the blood serum, probably in response to a systemic infection, during 
the earliest stages of the illness before paralysis had set in. Observations, mainly 
on antibodies to the Lansing type of virus, revealed the presence of maternally 
transmitted antibodies in a high proportion of new-born infants. They usually fall 
to a low level by the end of the 1st year of life and then rise again as the child 
gets older. 


In Baltimore, for instance, neutralizing antibodies were found in 72 per cent, of infants 
under 3 months of age. This proportion fell to 10 per cent, at 1 year of age, and then rose 
progressively to 49 per cent, at 4 years, 72 per cent, at 5-9, 84 per cent, at 10-14, and 89 
per cent, over 15 years of age (Turner et al 1950). Similar observations were made in 
Cairo, though the rise was more rapid, 90 per cent, of sera containing antibodies by the 
age of four (Goldblum and Melnick 1952). 


Generally speaking, the more primitive the sanitary conditions, the earlier and 
more widespread is the development of antibodies. Thus Hammon, Satber and 
tr.n> '1'*'"" . . . f rom children in different parts of the world, found 

t st in the Pacific Islands, slightly later in Japan, 

i ' of the United States of America, and latest of all 

in California. As a rule antibodies develop as the result of a latent infection, and 
appear most often during the epidemic season. Turner and his colleagues (1950) 
in Baltimore made repeated tests on 272 children whose serum was free from anti- 
bodies at the first examination. Over a 2-year period sera from 51 of these children 
became positive, indicating a mean annual infection rate of 204 per cent. Of 
201 initially negative children observed over the summer months approximately 
20 per cent, became positive, whereas of 224 children observed through two winters 
less than 0 5 per cent, became positive. None of the children in whom antibodies 
developed showed any clinical illness suggestive of poliomyelitis There is evidence 
that neutralising antibodies persist indefinitely in the serum, though complement- 
fixing antibodies arc transient and arc indicative of recent infection (Goldblum and 
Melmck 1952). 


Paul, Rionlan and Melntck (1951), for example, studying the distribution of neutra • 
mng antibody against different types of poliomyelitis virus m the North Alaskan Eskimos, 
found neutralizing antibodies of the Lansing type m persons over 20 years of age, an 
of the Brunhilde and Leon types m persona of over 30 and 40 jears of age respective }. 
They concluded that the presence of these different antibodies was probably associated wi 
epidemics of poliomyelitis in the jears 1905, 1915, and 1930, each being due to a di cren 
type of virus. 


Most of the evidence suggests that neutralizing antibodies protect speci ca y 
against clinical disease caused by the homologous type of virus. ! ^ 

protect also against latent infection is more questionable. Hammon (1 j )• ^ ® 
review on immunity m poliomyelitis repays careful study, quotes several o ***' 
tions in which the adult members of a family in which a single case of po lomye ^ 
had occurred became transient throat or intestinal carriers of the ' U( j 

antibodies in their serum. On the other hand. Brown and Ainslte ( o ) 
an inverse relationship in family outbreaks between the presence o neu w ® 
antibodies and the frequency with which virus could be *°* ated (feV j 0[ w 

On the whole the evidence suggests that a lasting type-specific »m i ) 
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the products of the respiratory process are assimilated by the cell and utilized 
for synthetic purposes, in fact in very many instances a preliminary decomposi- 
tion is necessary before assimilation can occur. 

From the point of view of chemical kinetics it is tempting to regard the liv- 
ing cell as a macromolecular polyfunctional free radical system which is par- 
tially stable because of spatial separation of the free valencies in the organized 
cell structure that would otherwise saturate one another in a homogeneous 
phase. The structural protection is only partial, however, and decay of the sys- 
tem is counteracted by its participation in chain reactions accompanied by 
large decreases in free energy, t.e., free valencies are maintained by the respira- 
tory reactions. 

A reasonable amount of information is available with respect to respiration, 
regarding both the catalysis of the reactions and the intermediary metabolism 
of the substrates, i.e., the successive reactions invohed On the other hand, 
the mechanisms of synthesis of the components of protoplasm are almost com- 
pletely unknown, not only for the bacteria but for other organisms as well 
Elucidation of the nutritive requirements of bacteria may, perhaps, be regarded 
as definition of the precursors of protoplasm in the catalytic system that is the 
microorganism under consideration; it may equally well be regarded as defini- 
tion of the limits of the synthetic abilities of the organism 

RESPIRATION* 

Lavoisier’s classic experiments on animal respiration performed at the close 
of the eighteenth century led to the definition of respiration as the utilization 
of oxygen and the production of carbon dioxide and water, and the presence 
of molecular oxygen was considered to be absolutely essential for life How- 
ever, the meaning of the term respiration was gradually broadened after 
Pasteur discovered in 1861 that many bacteria can grow and thrive in the 
complete absence of oxygen. Perhaps the most general definition one can give 
is that of respiration as the sum total of the chemical reactions carried out by 
the living cell which result in the liberation of energy. 

Of these energy-yielding reactions by far the most important are those of 
oxidation-reduction. In an oxidation-reduction reaction, one substance is 
oxidized and one substance is reduced. According to Clark* and to Michaclis/* 
the oxidized substance loses electrons and the reduced substance gains elec- 
trons. If, in the respiration of a living cell, molecular oxygen is the ultimate 
oxidizing agent, and thus the ultimate acceptor of electrons, the respiration is 
said to be aerobic. If another substance, not oxygen, is the final electron accep- 
tor, the respiration is said to be anaerobic. The oxidation-reduction reactions of 
respiration hate two functions: they transform nutrient material into sub- 
stances needed for the maintenance and growth of the cell, and they liberate 
energy from the nutrient material for use in the cellular economy. 

* For a Rcneral discussion of respiration, see Green Mechanisms of Biological OxiJa 
lion. Cambridge Unit mi ty Press, CambridRC. 1940, and /\ Symposium on Respirator} 
Lnzymes. Unt\ ersity of Wisconsin Press, Madison 1942. The Rcneral subject of bacterial 
respiration has been discussed by Workman: Baa. Rev., 1939, 3 187. 

* Clark. Public I Icaltli Repts , 1923, 38 443. Tins and nine additional papers on oxida 
tton reduction studies are contained in Hygienic Laboratory Bulletin No 151, 192S. 

1 Mtchachs and Schulmt. Chcm. Res., 1938, 22 437. 
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chemoprophylaxis of the disease. These workers brought evidence to suggest that the 
application to the nasal mucosa of a 2-4 per cent, solution of alum, or better of a 0 32-0 04 
per cent, solution of picric acid, was capable of increasing the local resistance of monkeys 
to intranasal infection with the virus. Schultz and Gebhardt (1937) found that a 0-5 per 
cent, solution of zinc sulphate was even more effective. FHd — l .... 

beings in the United States and Canada have been 
Tisdall el al. 1937, Schultz and Gebhardt 1942). Not 

prophylactic effect, but they may do considerable local damage by causing extensive 
coagulation necrosis of the olfactory epithelium. Moreover, since there is serious doubt as 
to whether infection in man occurs by the nose, the rationale of this form of prophylaxis 
rests on very slender grounds. The method has now been generally abandoned. 

A curious phenomenon, which may or may not prove to be of value in practice, was 
observed by Sanders and his colleagues (1953), who found that the subcutaneous injection 
of detoxified cobra venom (from Naja flam) 24 hours after intracerebral inoculation of 
monkeys with poliomyelitis virus delayed the onset of the disease. 

Vaccination. — Since neither eradication of the source of infection nor successful 


interference with the transmission of infection appears to be practicable, it is logical 
to attempt to control the disease by raising the resistance of the host. Early 
attempts to vaccinate children were made by Kolmer and his colleagues (Kolroer 
and Rule 1934a, b, Kolmer 1935, Kolmer el al 1935), using a 4 per cent, suspension 
of infected monkey cord in 1 per cent, sodium ricinoleate. The virus, though 
living, was said to be attenuated. Brodie (19346) and Brodie and Park (1935) 
recommended a vaccine m which the virus had been inactivated by exposure to 
0'1 per cent formol at 37° C for 8-12 hours. Both of these vaccines were tried 
on a small scale in the United States. The demonstration, however, by OHtsky 
and Cox (1936) that Kolmcr's vaccine might occasionally give rise to poliomyelitis 
in monkeys , and the even more serious development of the disease in children, 
occurring apparently as the result of prophylactic vaccination (Leake 1935), led to 
the discontinuance of their use 


These unfavourable results set back the clock for the time being, but investigation 
was renewed and enormously stimulated when evidence accumulated to show the 
probable occurrence of an early vinemic stage in the disease, and when the wa> 
of growing the three different types of virus m tissue culture was discovere . 
Morgan, Howe and Bodian (1917) brought evidence to show that monkeys cou( 
be protected against intracerebral inoculation by intramuscular injections o a 
vaccine inactivated by formalin or ultraviolet irradiation, and that the degree o 
resistance was related to the height of the antibody content of the serum. ft organ 
(1949) obtained evidence that immunity of monkeys following vaccination was 
probably type-specific. Later, Melmck and Ledinko (1951) found t at, wi i 
cunomohjus monkeys infected by the mouth with living virus of the Lansing yp , 
animals that failed to develop paralysis were subsequently resistant o » 
bv the intraiiasal or intracerebral route and that the degree ofresis c 
associated with the antibody content of the scrum In 1953 Salk reported the 
first major trial on children. The vaccines he used were prepared rom 
different types of virus grown in roller-tube cultures of monkey kidney » ' j 

atiou was carried out by exposure to 0 4 per cent, formalin at 1 ■ P 

of several days, the action of the formalin being finally neutralized y 
bisulphite. The product was stored in the refrigerator Ko vaccl ™ Aoueous 
it was shown to be innocuous when injected mtracerebrally into monkey- • ^ ^ 
vaccines injected intradermally into human subjects were found to st 
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Morphologically bacteria are simple organisms and are often regarded as 
a primitive type of cell. These organisms are not simple physiologically, how- 
ever, many of them oxidize glucose, for example, by mechanisms very similar 
to and often more complex than those used by higher animals. Others, such 
as the nitrifying bacteria, whose respiratory processes consist of but a single 
simple oxidation, synthesize all the components of protoplasm from inorganic 
compounds of carbon and nitrogen— a more complex process than that of 
joining together preformed amino acids. Since these organisms metabolize in 
these and other highly complex ways, it is difficult to regard them as physio- 
logically simple. There is, however, some reason to think that bacteria are 
primitive cells. The view that the pathogenic organisms are degenerate forms 
cannot be taken to imply that the free-living forms are likewise degenerate 
with respect to other living cells, for such a postulate entails the assumption 
that the physiological capabilities of these organisms are acquired characters, 
and is not in keeping with current knowledge of biology. The multiplicity of 
reactions which bacteria are able to bring about suggests that, in these organ- 
isms, the original capabilities of protoplasm have not been lost to the extent 
that they have been by the differentiated cells of higher organisms. The ani- 
mal body, for example, has no mechanism for the breakdown of cellulose, yet 
bacteria having the ability to hydrolyze this substance are universally dis- 
tributed in the sod. Bacteria capable of breaking down a particular organic 
compound have been isolated since the early days of bacteriology by the rela- 
tively simple expedient of inoculating a highly specific medium containing 
the substance under consideration as the only source of energy with a complex 
mixture of organisms such as exist in samples of soil. It is probable that by this 
method a bacterium could be found which would oxidize almost any organic 
compound. No group of higher organisms shows such a high degree of 
physiological flexibility. The wide range of carbon compounds that a single 
bacterial species may oxidize and the multiplicity of end products of the 
fermentation a svng\e carbohydrate bkewrse point toward such a flexibility. 
The simplicity and variability of the nutritive requirements of many bacteria 
also suggest a physiologically primitive cell. 

The physiological economy of the cell is dynamic rather than static, and life 
is compatible only with a state of greater or lesser, but nevertheless continuous, 
physiological activity. This activity may he approximately separated into two 
phases, the exothermic, oxidative, energy-yielding reactions, and the endo- 
thermic reduction reactions of synthesis. The former make possible a con- 
tinuous, regulated supply of energy to the cell, while the latter channel this 
energy, or a part of it, into the synthesis of cell substance. The living cell may, 
therefore, be regarded as a machine for the manufacture of protoplasm, operat- 
ing with a greater or lesser degree of efficiency, whose energy is supplied by the 
complex process of respiration. This oxidation-reduction process is not com- 
plete within itself, i.e., the machine is not 100 per cent efficient, and the 
respiratory oxidations are not precisely balanced by tbe reductions of synthesis. 
Other substances must, therefore, be reduced to balance the excess of oxidation 
reactions and this is carried out through a series of reactions leading to the 
crentual reduction of atmospheric oxygen. The separation of the processes o 
respiration and synthesis cannot be complete, of course, for in many instances 
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Injections due to the Coxsackie Group oi Viruses 

In 1918 D.ilMorf and Sickles isolated from the stools of 2 children suffering from 
poliomyelitis a virus that induced paralysis in suckling mice and hamsters but had 
no effect on rhesus monkeys Paralysis followed intracerebral, intra peritoneal, or 
intramuscular injection and was characterized by widespread degenerative Jerions 
of the skeletal muscles with little apparent effect on the central nervous system. 
The following year JDaildorf (1919) reported the isolation of 10 further strains and 
noted that they were not all aiitigenically alike. Though a rise in the neutralizing 
antibody content of the serum was observed in some of the patients, the part played 
by the virus in the causation of the clinical disease remained doubtful. Widespread 
interest was aroused by the descriptions of the new virus and it was not long before 
numerous other strains were isolated in the United States (Curnen ct al. 1919, 
Mclnick ct ah 1950, Huelmer ct ah 1950, Weller et ah 1950), in Canada (Rhodes 
ct ah 1950a), in Great Britain (Findlay and Howard 1950), and in other countries 
(see Vivell and Gndcke 1952). From the town in New York State in which it was 
first isolated, it was called the Coxsackie virus. 

The virus is found mainly in fa>ces and sewage, le>s often in the throat. It has 
also been isolated from flics It is spherical in shape. Estimates of its diameter 
range from G m// to 37 m/i according to the strain examined and the method used. 
It is difficult to propagate in the laboratory, and only occasional strains have been 
adapted to growth in the fertile egg or in tissue culture. In mouse brain suspension 
and m faeces it remains stable at —70° C. for several months. It is killed by heat 
at 55° C. within 30 minutes It survives in 50 j>or cent, glycerol for at least 
f> months, but is inactivated at room temperature by 0 25 per cent, formalin 
(Dalldorf ct ah 1919) It is destroyed by 0G p.p.m. of chlorine at 7>II 7*0 in about 
10 minutes (Clarke and Kabler 1931). By complement-fixation and neutralization 
tests at least 10 different antigenic types can be distinguished (fee Contreras et al. 

1952). 

According to the lesions they give rise to in suckling mice the different antigenic 
types are classified into two groups — A and B. Strains of Group A injected intra- 
cerebrally into suckling mice lead to generalized weakness in 2-3 days followed 
by death or paralysis the following day At post-mortem the skeletal muscles are 
white and firm m appearance, and microscopically show hyaline degeneration o 
the kind described by Zenker. Strains of Group B, on the other hand, cause eit ier 
spasticity or paralysis with delayed death. The irregular tonic contractions o t le 
muscles may give rise to torsion of the body resulting in what is sometimes mown 
as the rollmq disease. At post-mortem there arc found focal myositis, so telling 
of the brain, and necrosis of the subcutaneous and visceral fat , some strains maj 
cause hepatitis or massive necrosis of the acinal tissue in the pancreas ( a or 
1950, Pappenhcimer et al 1951) The distinction between the two groups is noi 
always clear. There is a certain amount of overlapping, and occasmna ^ s rai ^ 
resemble viruses of the encephalomyocarditis group (sec p. 215 )• e '? lI ? ; 
between them may be aided by the circumstance that in their grow 
cultures the viruses of Groups A and B arc said to differ in their nn n ion 
ments (Weller et al 1 953). A third group, called Group C, was described, b > 

Dorman and Ponsford (1953) in association with an outbrea 0 en ^ of 

Sydney. It differed from Groups A and 3 m various respects, no a J skeletal 
virulence for mice more than 24 hours old and its failure to 
muscles. 
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,ast111 ^ 2-5 (la >' K or M> 1,a "‘ I*** 1 reported in children and adults during the summer 
months. Tlie ohief clinical features are usually -fever, headache, sore throat, and 
myalgie pains m the baek, neck, abdomen, and limits. There is, however,* con- 
siderable variation in the symptomatology, and a tendency to merge into the 
picture of aseptic meningitis. Jn some of these outbreaks GVwrtackie virus has been 
demonstrated in the stools of a high proportion of the patients examined and 
neutralizing antibodies have apjicared in the scrum during the course of the disease 
(Melmek cl al 1950, Kenyon et al. 1952, Wood el al. 1952). 

Bornholm disease : epidemic myalgia : epidemic pleurodynia— This disease, 
which has been observed in various parts of the world, was described by the Danish 
physician Sylvest, who studied an outbreak in Bornholm in 1930 and published 
a monograph on it in 1931. It is characterized by fever, acute pain, usually of 
sudden onset, affecting the ch°st, upper abdomen, or lower region of the back on 
one or both fades, often headache, little or no constitutional disturbance, an absence 
of catarrh, and a tendency to relnpsc. The pain is paroxysmal and lasts for a day 
or more. The muscles are tender on pressure. Relapses nrc common at intervals 
of 2 or 3 days, or after n longer period. Orchitis may bo .seen as a complication 
Fatal eases are rare. The incubation period is 2-4 days. The disease occurs in 
epidemic form, usually in the lute summer. Infection probably spreads by contact 
and is caused by the B type. 

A similar disease, differing in not nffecting the respirator)’ muscles of the chest and 
abdomen and in being comparatively afebrile, was described by Uceson and Scott (1942) 
under the term cpult tutr myalgia of the neck and shoulders. 

In several outbreaks of the Bornholm type Coxsackie virus has been isolated 
from the throat or fieees of a considerable proportion of the patients examined, 
and the development of antibodies demonstrated in the blood (Weller el al. 1950, 
Findlay and Howard 1930, Lazarus cl al 1932, Bury and Tobin 1952, Gabinus 
el al 1952). In 2 cases studied by Lupine, Dessc and Sautter (1952) lesions were 
demonstrated in the muscles .similar to those found in suckling mice, and the 
Coxsnckic virus was isolated from both the muscles and the faces 

It. may be added that in diagnosis of the Coxsackie group of infections great 
care must be exercised in the interpretation of the serological reactions. Antibodies 
to various types of the virus are often present in normal persons. Complement 
fixing antibodies are not strictly type-specific and the titre to heterologous types 
may be higher than that to the homologous type (Kraft and Mclnick 1952). 
fuller information on this virus and the diseases it causes the reader ma ) T c ^ isa 
the reviews by Jlcliuck and Curncn (1952), Vi veil and Giideke (1952), and o m 
(1953). 


RABIES 

Rabies is a disease of animals affecting particularly dogs, cats and carnivorous 
wild animals ; herbivora are less frequently attacked. The disease is transmissi 
to human beings by the bites of rabid animals, notably dogs, cats, wo ves, an 
jackals. The incubation period varies according to the age of the amnia , 
situation of the bite, and the severity and nature of the bite. Generally spea i 
it varies m animals from 2 to 8 weeks, and in human beings from 6 to wee 3 » 
tends to be shorter in young animals and children, and after severe acera e 
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Oxidation-Reduction Potential . 6 A simple example of an oxidation- 
reduction reaction is the reaction between ferric iron and cuprous copper. 
Fe +++ + Cu + — Fe 4 ^ -F Cu^ 

• Fe + :Cu* — :fe+ :Cu 


When the oxidation-reduction involves organic compounds, as in almost all 
biological oxidations, oxidation often results in transfer of hydrogen atoms as 
well as of electrons, and biological oxidation is often referred to as hydrogen 
transport. The oxidation of ethanol to acetaldehyde, for example, is accom- 
panied by transfer of hydrogen as well as of electrons. 

H H 

HjC C.O H^iH,C C: 0: +2e + 2U + 

H 

It is obvious that any substance capable of entering into oxidation-reduc- 
tion reactions must exist in two forms— an oxidized form and a reduced form 
These two forms constitute a reversible oxidation-reduction system. 


Or :=t Red + n t 


Oxidized form Reduced form 


The oxidizing power of an oxidation-reduction system is a function of its abil- 
ity to donate electrons to another system and may be quantitatively expressed 
as the oxidation-reduction potential of the system. 


The oxidation-reduction potential has the dimensions of volts and may be measured in 
a suitable electrical circuit. The oxidation-reduction potential, E h , is defined by the 
general electrode equation, 


E h - Eo 


RT 

nF 


, [Red] 

‘"TchT 


in which E h and E„ are measured in volts, R is the gas constant, T is the absolute 
temperature, F is the faraday, and n is the number of electrons transferred in the oxidation 
reduction reaction The observed oxidation-reduction potential, E h , is a function of b„, a 
constant for the system, and the ratio of the molar concentrations of the oxidized and rc 
duced forms. When 


[Red] 

[Ox]' 


then Eh = Eo 


and this relationship serves to define the constant, E 0 . Each oxidation reduction s>stem has 
a characteristic E 0 value. The potential of the system, 


H,^2H 4 + 2{ 

at pH 0 and 1 atmosphere of hydrogen is arbitrarily assumed to be 0, and all other ox>^ 
dation-reduetion potentials are expressed in relation to the potential of this system, 
normal hydrogen electrode. • H 

If either or both the oxidized or reduced forms of a system are ionized, changes in P 
will alter the potential of the system by disturbing ionic equilibria. Because or this e 
the pH must he specified for each observed value of E h , or else the value is meaning es. 
The E 0 of a system represents the potential at which the system is half-oxidized at p • 
and another symbol, Eo, is used to represent the potential of a half-oxidized system a 
specified pH. . 

n For a general discussion appropriate here, see Hewitt : Oxidatton-Ecehictiott j 

us Bacteriology and Biochemistry. 4th ed. London County Council. P. S. King « Son, 
London. 1936. 
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injected subcutaneously, the street virus alone proves virulent. It would appear 
that by passage through the rabbit’s brain, the fixed virus has acquired a strong 
neurotropic affinity, which enables it to give rise to rabies in 7 days alter subdural 
injection, but which usually renders it avirulent on subcutaneous inoculation. 
The street virus, on the other hand, takes about 14 days to produce rabies on 
Bubdural inoculation, and usually proves virulent when introduced subcutaneously. 
Fixed viruses can likewise be produced by passage through guinea-pigs, dogs, 
hens, and monkeys (Pasteur el al. 1884). Both street viruses, and the fixed viruses 
derived from them, show considerable variability in their virulence for animals ; 
some rarely produce infection when inoculated Bubcutancously, others always do 
so (Mario ct al. 1927). Pasteur (Pasteur el al. 1884) found that by passage through 
the brain of monkeys, the virus diminished in virulence for dogs, though when 
passed through rabbits or guinea-pigs it uniformly increased in virulence. 

The virus is present in the saliva of rabid animals, and has sometimes been 
demonstrated in it 4 days before the onsot of clinical symptoms. It is also found 
in the central nervous system, the peripheral nerves, and in the salivary glands, 
less regularly in the cerebrospinal fluid. Occasionally it may be demonstrated 
in the blood and the internal organs (Pasteur ct al. 1881, Rcmlinger and Badly 
1931, 1932). The virus passes along the nerves from the local injury, and reaches 
the central nervous system ; this is shown by the fact that (I) the animal may 
live after resection of experimentally infected nerves ; (2) the resected nerves 
are themselves infective ; (3) the portion of the spinal cord in connection with 
the infected nerve becomes infective before other parts of the central nervous 
system (di Vestea and Zagari 1889, Marie d al. 1927). According to Nicolau 
and Galloway (1928), the virus, when introduced into the brain, may spread centri- 
fugally, and be found in such nerves as the brachial and sciatic ; the passage 
of the virus along the nerves sets up an interstitial neuritis. It has been suggested 
that the salivary glands owe their infcctivity to the presence in them of neurones, 
which may occur as Binglc cells or ns ganglionic aggregations, and which are 
situated just under the epithelium ; if the epithelium is abraded, the virus is set 
free from the neurones, and infects the saliva (Manouelian and Viala 1927, 1928 , 


for references sec McKcndrick 1928). 

Properties of the Virus. — The rabies virus can pass through Bcrkefeld candles. 
Galloway and Elford (1936), from filtration experiments carried out with gradocol 
membranes on a strain of fixed virus, estimate its size as 100-160 m/n This agrees 
with the value obtained for another strain of fixed virus by Yaoi, Kanazawa an 
Sato (1936). The virus can be grown in tissue cultures containing embryo rain 
and human or monkey serum (Kanazawa 1936, "Webster and Clow 1937). ^ 

also be cultivated on the chorio-allantoic membrane of the developing ® *® 
embryo, provided 6- or 6-day embryos arc used (Kligler and Bernkop h 
Cultivated strains tend to lose their virulence fairly rapidly. According to an 
karan, Iyengar and Beer (1934), the virus can be separated from infected ran 
brain by electrophoresis. It is not very resistant. It is destroyed y expos 
to a temperature of 60° G. for 30 minutes. Slow drying gradually renders it in » 
but if rapidly dried it may retain its infectivity for months. ^be xe ^ , g 

very sensitive to the photodynamic action of methylene blue (Shor an 
1934, Galloway 1934) and to irradiation with ultraviolet light ( an ara ■ 

Beer 1935). It is readily killed by bile. Little is known about its ant g 
structure, but most strains seem to resemble each other fairly close y ( e o 




\ 



Oxidation-Reduction Potential 65 

Systems with relatively high E 0 s have strong tendencies to accept electrons and arc 
good oxidizing agents. Systems with relatively low E 0 ’s have strong tendencies to donate 
electrons and are good reducing agents. The oxidized form of any system may oxidize 
(accept electrons from) the reduced form of any system with sufficiently’ lower E 0 . Such 
reactions always proceed with the liberation of energy (decrease in the free energy of 
the system). That is, the energy contained in the products of the reaction is always less 
than that contained m the reactants. 

Appltcation to Biological Systems. The foregoing treatment of oxidation-re- 
duction potential applies only to completely reversible systems. A number of 
biological systems are reversible and electromotively active and therefore sus- 
ceptible to such analysis. This group includes the cytochromes and cytochrome 
oxidase, the flavoprotems, and a number of naturally occurring pigments. A 
second group is made up of the sluggish systems, so called because of their 
sluggish behavior at the electrode, which are regarded as only partially elec- 
tromotively active. The pyridine nucleotides and the sulfhvdryl compounds 
such as glutathione and cysteine belong to this group, and the measurement 
of their oxidation-reduction potentials is difficult and generally unsatisfactory 
Lastly, there are those sluggish systems that develop potentials only in the 
presence of specific enzymes, the enzymatic oxidation-reduction systems. There 
are many of these, including succinic acid-fumaric acid, lactic acid-pvruvic 
acid, alcohol-acetaldehjde, and others. 

Since many of the oxidation-reduction systems in the living cell fall into 
this last group, it is very difficult to interpret potentials produced during active 
cellular metabolism when a number of systems must be functioning simul- 
taneously. As a matter of fact, it is doubtful that the reducing intensities dc- 
\ eloped should be termed “oxidation-reduction potentials” at all. Probably 
reduction potential or reducing intensity is the most satisfactory term for 
potentials developed by the actively metabolizing intact cell. The accompany- 
ing table gives the oxidation-reduction potentials of some important biological 
systems. 


OXIDATION-REDUCTION POTENTIALS OF BIOLOGICALLY 
IMPORTANT SYSTEMS AT r H 7 


Oxidation-Reduction System 

L 0 in volts 

T C‘ 

Oxidized Form 

Reduced Form 



o 2 

H : 0 

081 

25 

Fcm-cy tochromc oxidase 

Fcrro-cy tochromc oxidase 

? 


Fcrri-cy tochromc a 

Fcrrocy tochromc a 

0 29 

25 

Fern -cytochrome c 

Ferro-cy tochromc c 

0.26 

25 

Fern -cytochrome I> 

Fcrro-cy tochromc b 

-0 04 

25 

no; 

no; 

005 

30 

Methylene blue , 

Reduced methylene blue 

0.01 

30 

Pyocyamnc 

Reduced pyocyanine 

-0 03 

30 

fumanc tcid 

Succinic acid 

-0 03 

25 

Flatoprotcm 

Reduced flaioprotetn 

-0 06 

38 

Oxalacctic acid 

Malic acid 

-0 10 

37 

Phthiocol 

Reduced phthtocol 

-0.17 

30 

Pynmc acid 

Lactic acid 

-0 18 

35 

Acetaldehy dc 

Ethanol 

-0.19 

30 

Diphcwphopviidine 

Reduced diphosphopridinc 



nuclei itidc 

nuclf'itide 

-0 29 

30 

11 + 

II; 

-0 41 

25 
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RABIES 


the mouse passage method (Webster and Dawson 1935), affords the most rapi 
means of determining the presence of infection in a suspected animal. 

Diagnosis,— fn attempting to reach a diagnosis of rabies in a human bein 
before the disease has declared itself, it is important if possible, not to kill tl: 
animal responsible for the bite, but to keep it in safe captivity for a few days t 
see whether the typical symptoms of the disease develop. If it is killed befoi 
the onset of the paralytic stage, no ‘Negri bodies may be found in the brain. One 
the animal is paralysed, it should be killed, and the brain examined by a rapi 
section method for Negri corpuscles, or preferably by impression smears staine 
by Sellers’ method (see Johnson 1952), Negri corpuscles arc demonstrable in onl' 
about 90 per cent, of animals and 70 per cent, of human patients that have diei 
of rabies. Resort should therefore be had to the mouse inoculation test describe) 
by Webster and Dawson (1935) if the brain of a suspected animal fails to revea 
those bodies microscopically. The mouse test should also be used when the anima 
lias been prematurely destroyed or the brain improperly preserved 

Webster (1030) recommends that sterile pieces of Ammon's horn of the suspcctec 
animal should bo made into a 6 or 10 per cent, suspension with distilled water, and tha 1 
0 03 ml. should he inoculated intracerebrally and 0 25 ml. intramuscularly into each o: 
(J mice belonging to the specially susceptible Swiss breed. One animal should be killed 
on the 5th, flih, and 7th days respectively, and its brain examined for Negri bodies 
The remaining three aro observed for 4 weeks for signs of rabies. In practice, a negative 
diagnosis may usually be given in 3 weeks (Thomas 1039). The advantage of the mouse 
over the rabbit i9 that it is more susceptible, it is easier to inoculate intracerebrally, and 
it develops rabies, on the average, a week earlier. 

If the brain of a suspected animal cannot be examined fresh, it should be 
packed in ice before transmission to the laboratory ,* or, alternatively, half of 
it may be 6cnb in 10 per cent, formalin for section and half in 50 per cent, glycerol 
for inoculation 

Au attempt may be made to isolate the virus from the saliva of man or animals, 
particularly m cases of the paralytic type, which often present considerable difficulty 
in diagnosis For this purpose intramuscular injection of the Syrian hamster is 
to be recommended, as this animal is very susceptible to street virus given penp er 
ally (Koprowski 1949). Complement-fixation and neutralization tests may be use 
to demonstrate a rise m the patient’s serum antibodies and are rccommende as ft 
routine procedure by Johnson (1949). In practice, however, they arc s ^douv <> 
value, nor are they suitable for diagnosis of the disease in animals (Tierkel 1 !• 


Prophylactic Treatment oi Rabies. . 

After infliction of the bite, an attempt should be made to destroy 33 muc 0 
the virus in the wound as possible. For this purpose, treatment with a 20 per ccn . 
solution of soft soap is said to be as effective as cauterization with fummg 111 
acid (Shaughnessy and Ziclus 1943). Tincture of iodine is also usefu , v app 
within 30 minutes. 


itmn ou minutes. , 

Vaccination. — Rabies is a fatal disease, and once symptoms have 
themselves, treatment is of no avail But the disease is characterize y » ^ 

incubation period; and it was Pasteur (1885) who realized the 
using this period for carrying out specific vaccine treatment Pm 
the spinal cords of rabbits dying of experimental rabies gradually tot their 
w’hen dried in air over KOH. By inoculating dogs with cor a r 


66 Bacterial Physiology 

Reduction Potentials of Bacteria. The development of reducing properties 
by bacteria is associated with equivalent electrometric and colorimetric 
changes, -indicating that the predominant system or systems arc reversible. The 
potentials may be developed by bacterial suspensions in the presence of added 
substrate, or during growth in culture; the latter state has been by far the more 
commonly studied. 



Fig. 17. Diagrammatic representation of the method used in the measurement of re- 
duction potentials developed in bacterial cultures. The culture vessel should contain 
duplicate electrodes and an additional opening for inoculation, removal of samples, etc. 


Measurements of the reducing intensity are made clcctrometrically, using bright 
platinum or gold plated platinum electrodes, as the use of indicator dyes which change 
color with oxidation or reduction has been unsatisfactory. A satisfactory arrangement is 
illustrated in Fig. 17 in diagrammatic form. The bacterial culture is a half cell, and the 
standard half cell is a saturated calomel cell. The whole is immersed in a constant tem- 
perature bath. With buffered broth as the culture medium, the pH is maintained without 
significant variation. The reducing capacity of the bacterial culture is very low, i e., it is 
poorly poised (analogous to poorly buffered with respect to changes in pH), and if ap- 
preciable amounts of current are passed through the system in the measurement of the 
potential, the electrodes polarize, making readings impossible. It is necessary, therefore, to 
insert a high resistance in series with the cell, so that only a very small current passes 
through the culture. The calculation of the potential is simpfe: 

~ ^obs + E gtd 

where E olm is the observed potential and E st( , is the potential of the standard half cell 
Measurement of the developing potential may be made at intervals to give a time-potential 
curve. 


The potential of a freshly-prepared sterile culture medium often shows a 
slight, gradual negative drift. When inoculated with bacteria, however, the 
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time for them to appear is between the 11th and 30th days after the bite, that is 
to say usually before the onset of rabies in untreated persons. The severer forms 
of paralysis prove fatal in about 25 per cent, of cases. What they are due to is not 
known with certainty, but there is reason to believe that, like the encephalitis 
following some of the infectious diseases, they are allergic in nature (see Eemlinger 
1927, Hurst 1952). 

The average case fatality in treated patients in JIcKendrick’s series varied over 
a number of years between 0-23 and 0-49 per cent. 

How, it may be asked, can a dead vaccine, inoculated into the patient after 
liv'ing virulent virus has gained access to the body, afford any protection against 
the disease ? The virus is known to be neurotropic, and almost certainly finds 
its way to the brain and cord by way of the nerves. If an attenuated virus was 
inoculated in enormous quantities very soon after the bite, it is conceivable that 
some of it might reach the susceptible nerve cells and block the entry of the virulent 
virus. But how can this happen with a dead vaccine, unless transport along the 
neurones is purely mechanical ? Yet, from McKcndrick’s figures a dead vaccine 
appears to be just as efficacious as a living attenuated virus. The only answer 
to this question is to assume that the vaccine reaches the central nervous system 
by the blood stream and there causes the necessary interference. Surprisingly 
enough, there seems to be no advantage in early treatment ; the fatality of those 
treated 0-4, 5-7, or 8-14 days after the bite was, among Europeans, 0 19, 0 10 
and 0 00 per cent, respectively. Animal experiments do not increase our confidence 
in vaccination. The observations of Shortt and of Covcll and their colleagues in 


India (Shortt el <tl. 1934, 1935, Covcll et al. 1936), and of other workers (see Webster 
19396) seem to show that (1) no vaccine can protect an animal after exposure to 
infection by rabies virus, (2) vaccine given before exposure to infection is effective 
only provided (a) it is given repeatedly and in large doses, totalling at least 1 per 
cent, of the body weight, and (6) the test dose is given subcutaneously, intra- 
muscularly, or by some other route than the intracerebral. 

Considerations such as these have led many workers to question the value 
of the vaccine treatment of rabies. Ever since Pasteur recorded his apparently 
brilliant successes, persons who have been bitten by rabid animals have been given 
treatment as a matter of course. In such a disease it would be unjustifiabl e o 
withhold it so long as there was any reason to believe that it might confer some 
degree of protection. The result has been that there are no adequate con ro 
figures available. A high proportion of persons treated have probably not cen 
bitten by rabid animals, and, of those who have, probably not more than a quar er 
would have developed rabies anyway. The figures of the Pasteur Institu e 
therefore throw little light on the main question at issue. . 

Progress in the past has been hampered by the absence of a satisfactory tec n*q 
for standardizing anti-rabic vaccines. Webster (1939a) filled this need } in 
ducing a mouse inoculation test. By its use he found that commercia ' ac ^ 
of the killed type were often devoid of protective action or were effectn e o: n 7^ 
doses greater than those recommended by the manufacturers (see a ge 

and Beck 1940). Webster’s technique was modified by Habel (194 )> • ' 
mouse potency test is the one now generally adopted. Comparative i ra 
different vaccines revealed considerable variations m the antigenic po ency 
strains used to prepare commercial vaccines (Habel 19406), and t e resu i s . 
potency tests with any one vaccine varied according to the strain o in e D 
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potential falls rapidly during the early hours of incubation. Thereafter, it 
differs somewhat with the type of bacterium. In the case of the obligate 
anaerobes C see Fig- 18) it reaches and maintains a very low level, sometimes 
approaching or reaching the level of hydrogen overvoltage, t.e., more negative 
than the normal hydrogen electrode. Some facultative anaerobes such as the 
colon bacillus reach similar low levels while others do not. Other kinds of bac- 
teria behave still differently. Pneumococcus cultures, for example, show a 
rapid positive drift after a negative potential has been established, this is prob- 
ably due to the accumulation of peroxide since it does not occur in catalase 
broth cultures. Representative time-potential curves arfe given in Fig. 18. 



bacterial cultures. Note the rise in potential in pneumococcus cultures in non-catalase 
containing media resulting from the accumulation of peroxide. The dc\ elopment of 
species-characteristic potentials is apparent. Pneumococcus data from Hewitt, Cl. tetani 
from Gillespie and Rcttgcr, remainder from Burrows and Jordan. 

Mechanism of Biological Oxidation. 7 The importance of hydrogen 
transfer in biological oxidations was early recognized and particularly em- 
phasized in the work of Thunbcrg and Wtcland. Wicland postulated that in 
biological oxidation-reductions the hydrogen atoms of substrates were activated 
by specific enzymes called dehydrogenases, once activated, these hydrogen 
atoms were then spontaneously transferred to any suitable hydrogen acceptor. 
Ho\\c\cr, at about the same time, Warburg showed that oxygen may be 
similarly activated by an iron-porphyrin enzyme (/Ifntimgs/ermcnO and pos- 
tulated that activated oxygen could spontaneously accept hydrogen from sub- 
strate molecules. The ideas of Wicland and Warburg were soon harmoniously 
reconciled in the now generally accepted view of biological oxidation in which 
substrate hydrogen is activated by dchjdrogcnascs and molecular oxygen 

T ln addition to the general references giicn in 3. see also Goddard’s article "The Res- 
piration of Cells and Tissues" in Huber' Ph) sicol Chemistry of Cells and Tissues. The 
Bljltston Com pans, Philadelphia. 1945, and Oppenhcimcr and Sicm. Biological OnJa- 
iion. Nnrdctnann Publishing Co., Inc., Ness York. 1939. 
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31 ECU AN ISA! S OF SPECIFIC ANTIBACTERIAL IMMUNITY 

only antibodies to a somatic antigen arc protective (sec Chapter 33). Burrows 
(1953) notes a more subtle distinction of this kind with V. c holntr ; the complete 
0 antigen is a better immunizing agent than the endotoxin against asymptomatic 
infection of the intestine in the guinea-pig ; whereas endotoxin effectively immunizes 
mice against the predominantly toxic infection that follows intraperitoneal injection 
of the living vibro. 

It was, however, in the case of the motile bacilli, possessing flagellar and somatic 
antigens, that the problem of the different immunizing valuo of different bacterial 
antigens was first stated in its clearest and most explicit form by Felix and his 
colleagues (sec Felix 1921). The results of subsequent studies strongly support 
his contention that the flagellar antigens, and their corresponding antibodies, play 
little if any part in specific antibacterial immunity, whereas the heat-stable somatic 
antigens and their corresponding antibodies «tc all-important. 

Arkwright (1927) immunized guinea-pigs by tbo injection of vaccines prepared from 
different strains of Salm. typhi and Salm, paratyphi A, and subsequently tested tbeir 
resistance by the injection of living virulent bacilli. 

With Salm. typhi , a vaccine prepared by tlic use of a smooth, motile, virulent strain 
(containing the flngellnr antigen and the surface nntigen IX) produced a significant in- 
crease in resistance. A vaccine prepared from a rough, motile variant (containing the 
flagellar antigen but not the surface antigen IX) did not. With Salm. paratyphi A four 
vaccines were used : (1) a smooth, motilo strain, with the flagellar antigen and the sur- 
face antigens I, II ; (2) a non-motile, smooth variant, with no flagellar antigen but retain- 
ing the surface antigens I, II ; (3) a rough, motile variant, with the flagellar antigen but 
without the surface antigens 1, II ; and (4) a rough, non-motilo vnriant containing neither 
the flagellar antigen nor tho surface antigens I, II. Vaccines (1) and (2), containing the 
antigens I, II, produced a marked mcreaso in resistance. Vaccines (3) and (4), from 
which this antigen was absent, did not. 

Ibralura and Scliutzo (1928) obtained analogous results in tbo immunization of mice 
against Salm. typhi-muriutn. They found that the H variants, in which tbo specific 
polysaccharide antigen was absent, were ineffective as immunizing agents. Tbo S vari- 
ants, containing the specific polysaccharide antigen, produced a significant increase in 
resistance. 

Experiments, in which untreated mice and mico vaccinated with different bacterial 
suspensions were submitted to the risk of natural infection during a long-continued experi- 
mental epidemic of mouso typhoid, also yielded entirely concordant results (Greenwood, 
Topley and Wilson 1931). Tho total numbers in each of the vaccinated groups were large 
— over 300 mice — so that tho difference noted may bo regarded as certainly significant. 
Tho results are summarized in Table 72. 

The column giving the antigenic structure shows the components on tho surface of the 
bacterial cells and those carried by the flagella. All vaccines except E were saline suspen- 
sions, killed by beat and formabn. Vaccine E— a killed broth culture— was included 
because of the possibility that some bacterial product of immunizing value might be 
liberated into tho culture fluid. Tho measure of resistance — the mean survival time in 
tho epidemic cage limited to 60 days — was selected for reasons that will be referred to later. 
The significance of tho standard error, which is attached to each survival time, has been 
considered in Chapter 43. . . 

It will be seen that the control and vaccinated groups can be divided into three classes 
on the basis of their survival time. The unvaccinated mice lived, on the average, nr 
26-26 days, and were thus significantly less resistant than any other group. The groups 
X), B and A were slightly mote resistant. This increased resistance was clearly no spec c. 
The rough polysaccharide antigen was not concerned, for the Staph, atbus vaccine i **° 
contain it. The flagellar antigens of Salm. typhi-munum were not concerned, for neither 
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acts as a hydrogen acceptor only after activation by Warburg’s respiratory 
enzyme . 8 The dehydrogenases of Wieland have been found to consist of a 
specific enzyme protein and a low molecular weight cocnzymc which under- 
goes reversible oxidation-reduction. The respiratory enzyme of Warburg func- 
tions in respiration by catalyzing the oxidation of other iron-porphyrin protein 
enzymes, the cytochromes, by molecular oxygen, and for this reason has been 
given the functional name, cytochrome oxidase. Interposed in the train of 
hydrogen and electron transport between the dehydrogenases and the cyto- 
chromes is another type of respiratory’ enzyme, the flavoprotcin, which is re- 
duced by the dehydrogenases and oxidized by the cytochromes. Thus, there 
is a clear and continuous pathway for hydrogen and electron transport from 
the substrate to molecular oxygen, which is illustrated in the accompanying 
diagram. 


AEROBIC OXIDATION OF SUBSTRATES 

Substrate 

Substrate-Ha + Pyridino- 
protcin 

Pyridino- 

protcin-H 2 + Flavo- 
protem 

„u 

Flavo- 

pratein-H 2 + 2 Cyto- 
chrome Fc+ + + 

2 C>to- 

chrome Fe+ + -f 2 C> tochrome 
oxidase Fe+ + ‘ 

„ U L 

2 Cytochrome 
oxidase Fe+ + 


Net Reaction 

Substrate-Ha -p *,<• 0> ► Substrate + HaO 


+ KO> 
h 2 o 


In most aerobic organisms this system is complete and functional, but in 
facultative and obligate anaerobes, portions of the hydrogen transport chain 
may be absent or non-functional ( [vide infra). In anaerobic respiration, t ie 
hydrogen and electrons of substrates are not transferred to molecular oxygen 
but to other substrates instead. The iron-porphyrin catalysts are not involved 
in anaerobic respiration, but the flavoproteins may sometimes act as inter 
mediate carriers. 

Respiratory Enzymes in Bacteria . 0 Although bacteria contain very 
active respiratory enzymes, much less is known about their chemical nature 
than about similar enzymes in yeast and in the tissues of higher atnma s, 


8 KJuyver and Donlcer: Chem. Zelle Gewebe, 1926, 13:1 34. 

3 See Porter: Bacterial Chemistry and Physiology. John Wiley and Sons, Inc., 
York. 1946. Chapter 6. 
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!mt Kojtrnwski nnd Cox (1951) rejiort on its successful use in 29 patients hitten by 
doj*s that wen* proved to Ik* rabid. IWiblv combined active nnd passive immuniz- 
ation may prove better than either eeparately. Kxperirnents made on this point 
with hamster* were not convincing (Koprowdei et at. 1950), but later observations 
on guinea-pips and dogs yielded more hopeful result* (Koprownki and Illaek 1951), 
Now antiserum acts is doubtful. Presumably it neutralizes the extracellular virus 
around the bite ; if *o, it must be given within 2-3 days of the time of infliction 
of the wound before the virus 1ms gained access to the neurons and passed beyond 
the reach of the nntiliody. It .should he followed by a 7-day eour-e of vaccine 
treat men* I* or much useful information on rabies, we the monograph by Kem- 
linger and Badly (193.**//), the article by Johnson (1952). the review by Rhodes 
(1915) on auti-ralue treatment, ami the series of papers on laboratory diagnosis, 
vaccine production and testing, and tin* preparation of hyj>criinmune ►erum edited 
in book form by the World Health Organization (Report 1951). 


I’sr u DOHA n IKS 

Synonyms : Mad itch : Infectious bulbar paralysis : Aujeszky’a disease. 

Tliis disease, which was descritad by Aujoszky in 1902, has only recently 
attracted much attention. 1 1 appears to be an acute infection of the central nervous 
system nfTecting dogs, cats, cattle, horses, pigs, goats, sheep, rats, and mice, but 
not man. Though originally met with in Hungary, it has now been reported from 
a number of other European countries nnd from both North nnd South America. 
Unlike rabies the incubation period is very short— only a matter of hours— the onset 
is brusque, there is intense pruritus, which often completely dominates the clinical 
picture, tin* mental faculties are preserved, paralysis occurs very hd p n, id does 
not a fleet the lower jaw, the disease lasts only 2 i— IS hours, and sudden death is 
common (Ucinlingcr nnd Badly 1931). Except in pigs, the case-fatality rate 
is usually very high. The movie of infection is still in doubt. According to Shope 
(1935), tho disease in cattle is very fatal but non-contagious, whereas in pigs 
is relatively mild but highly contagious. Shope believes that in pigs infection 
occurs by the nose, and that the abraded skin of cattle can probably he infectc 
from contact with the pig’s snout. A study of neutralizing bodies in the E cr “ m 
suggests that pscudorabics is a highly prevalent but unrecognized disease in e 
hogs of the Middle West. There is some evidence that the disease is sprea J 
rats, and that pigs may become infected by feeding on contaminated materia . 

The disease can bo reproduced experimentally in most animals, though monkeys 
appear to be fairly resistant. In tho rabbit, which is the most susceptible of the sraa^ 
laboratory animals, tho disease exhibits a diverse and striking symptomatology. * ^ 
tion is possible by practically any route. Intracerebral inoculation gives nso m 
hours to a condition of wild excitement, accompanied by salivation, grin 8 ® 
teeth, blindness, and later coma and death. In rabbits injected subcutaneous j 
incubation period is 50-75 hours ; the animals then start scratching and biting , ^ 

of inoculation ; their efforts become increasingly aavago tilt the skin is hairless, a 
and bleeding ; feebleness sets in, and death occuts in a state of collapse <3-~4 . 

the onset of pruritus (Skopo 1931). Tho clinical picture, however, is very rana » 
may assume an encephalitic, pscudo-herpotic, meningeal, paralytic,. prurigmous, ^ 
atmg, or oven ahortivo form (Romlinger and Bailly 1934). Some animals can 1 
by feeding- 
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chiefly because it has been very difficult to obtain active enzyme extracts from 
bacterial cells. 

Dehydrogenases Dehydrogenases consist of a specific protein, or apo- 
enzyme, combined with a reversibly oxidized and reduced coenzyme. They 
oxidize metabolites and are in turn reoxidized by other enzymes, not by molec- 
ular oxygen. Dehydrogenases possess a high degree of specificity for the sub- 
strate which they oxidize, and are usually named on the basis of their substrate 
specificity, i.e., lactic dehydrogenase, succinic dehydrogenase, etc. This sub- 
strate specificity is a function of the protein component, since a single co- 
enzyme may be a part of several different dehydrogenases 

The specific protein combines reversibly with both coenzyme and substrate. 
The actual oxidation-reduction probably occurs while all three are m physical 
combination. 


coenzyme -f- apoenzyme ^ coenzy me — apoenzyme 
(dehydrogenase) 

coenzy me — apoenzyme + substrate-H" — 

coenzyme — apoenzyme — substrate-H2 
coenzyme — apoenzyme — substrate-Ha ^ 

coenzyme-Hj —apoenzyme — substrate 
coenzyme-Ha — apoenzyme — substrate :=s 

coenzyme-Hj — apoenzyme + substrate 

Two general types of dehydrogenases are found in bacteria and in other 

containing either di- or 
'' • :nzymes. The provisional 

'• • is illustrated 



=c — c 
I I 
N NHt 


rn 

:°H ] 

O 

1 H „ H I 

H,C O— I’-O— I’-O CH; 


HCOH 

IIL'OH 


HC- 

IICOH 

I c 

HCOH 

lit- ’ 


I 

OH 


diphoipho pyridine nucleoli Jr 


1 he structure of TPN (coenzyme II) is identical with that of DPN except 
lor the presence of an additional molecule of phosphoric acid which is probably 
esterified to one of the hydroxyl groups of the pentose residue. Only the 
pyridine ring of both DPN and TPN undergoes reversible oxidation-reduction 
.i% indicated in the accompanying equation. 
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so-called “ trotting ” variety, the itching is less severe, but the animal periodically 
drops every now and again, as if dead, and then rises in a few minutes and resumes 
its trot. Pathologically, no characteristic lesions have been found, but there is 
a mild degree of meningo-cncephalitis. Early attempts to transmit the disease 
failed, possibly because the animals were not observed long enough Later, Cuille 
and Chelle (1936, 1938) m France were successful in reproducing the disease in 
susceptible sheep by subcutaneous, intra-ocular, epidural, and intracerebral inocula- 
tion of suspensions of brain and spinal cord. About the same time workers in 
Scotland (see Gordon 1946, Greig 1950) reported the occurrence of the dicease in 
sheep that had been injected about 2 years previously with a vaccine against 
louping-iU This had been made up with a suspension, of brain, cord, and spleen 
from sheep inoculated intracerebrally with louping-ill virus, and had been preserved 
with 0-35 per cent, formalin. The incubation period of the natural disease appears 
to be 2 years or longer. After subcutaneous injection of infective material it is 
usually 15 months or more, and after intracerebral injection 5-7 months Only 
a proportion of injected sheep, however, develop the clinical disease. Wilson, 
Anderson and Smith (1950) showed that the virus would pass through a gradocol 
membrane of 41 m/< A.P.D. Finer filters were not tried. The virus must therefore 
be less than 16 m ft in diameter. It is very' resistant. It survives drying for at 
least 2 years if kept in the ice-chest, and is not killed by 0 35 per cent formalin 
There is some reason to believe that the virus may remain latent in rams, which 
can transmit infection to their offspring The ewe may remain unaffected, and 
bear healthy lambs by another ram (see Andrewes 1950) 

Wc append brief descriptions of two animal diseases whose position in our rough 
scheme of classification is very doubtful. 


Salivary Gland Virus of Guinea-pigs 

Cole and Kuttner (1926) observed greatly swollen epithelial cells in the salivary 
glands of guinea-pigs ; they were found in 84 per cent, of full-grown anima 
Injection of a suspension of the affected submaxillary glands intracerebrally in o 
young guinea-pigs was followed by fever, cerebral irritation, and death mo 0 
days, with diffuse subacute meningitis. In the exudate large numbers of ce s 
weic found similar to those in the salivary glands. Similar cells were also seen 
in the lesions resulting from inoculation of the same suspension into the tes i ic > 
lung, tongue, and submaxillary glands of young guinea-pigs. Markham { ^ 

recorded the occasional finding of characteristic inclusions in the epithe mm ^ 
the convoluted tubules in the kidney of naturally' infected animals. The " r “ s 
destroyed at 54° C. m 1 hour ; it survives for 11 but not for 28 days in 50 P® r c 
glycerol. It passes through a Berkefeld N candle. The virus appears H 
rise to no clinical symptoms in naturally infected guinea-pigs. Infected gui 
are immune to the intracerebral inoculation of virus ; in the serum oft T 

neutralizing bodies can be demonstrated (Andrewes 1930). More recent 7 . Q 

and Wang (1934) described the presence of acidophilic intranuclear i ^ 
bodies in the submaxillary glands of hamsters, white mice, and wild ra s , 
these animals appears to be infected by a specific virus. Similar mc c no{ 
have also been noted jn the salivary glands of new-born infants / 
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The pyridinoprotems are soluble, relatively easily extracted from cells, and 
their reduced forms arc reoxidized by flavoprotcins. In bacteria, the malic, 
lactic and 3-phosphoglyceraldchydc dehydrogenases arc DPN-proteins, while 
glutamic acid dehydrogenase is a TPN-protcin. The cytochromc linkcd de- 
hydrogenases are associated with the insoluble submicroscopie cell particles. 
In crude preparations they react with oxygen through the cytochrome system, 
but there is evidence that an additional hydrogen carrier is involved. It may be 
a flavoprotem or perhaps cytochrome b. The succinic and formic dehydro- 
genases of Bcict. colt and the lactic dehydrogenase of the gonococcus arc cyto- 
chrome-linked. 

The oxidation of substrates by dehydrogenases may be conveniently studied 
in the absence of other respiratory enzymes by means of a technique intro- 
duced by Thunberg. In this procedure, the dehydrogenase is reduced by its 
specific substrate and reoxidized by a reversibly oxidized and reduced dye 
possessing a suitable oxidation-reduction potential. 

substratc-Ho 4- coenzyme — apoenzyme :=t 

eoenzjme-112 — apoenzyme -f substrate 
cocnzyme-Hj — apoenzyme 4 - dye 

coenzyme — apoenzyme 4 - dye-H** 

When the oxidized form of the dye is colored and the reduced form is color- 
less (methylene blue, for example), the rate of such a reaction may be meas- 
ured in terms of the rate of dccolorization of the dye in the absence of oxygen. 

Fhvoprotems. The flavoproteins arc respiratory enzymes containing either 
riboflavin phosphate or flavin adenine dinucleotidc as cocnzymcs. 



riboflavin phosphate 
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In both riboflavin coenzymes, oxidation-reduction is confined to the isoal- 
loxazine nucleus. 



n\utr.rd form 


+ 2H* 4- 


reduced form 



Derivatives of riboflavin are apparently present in all bacteria and are 
lound in especially large amounts in some anaerobes Flavoprotein enzymes 
fall into two functional groups The oxidases catalyze irreversible oxidations 
of substrates and react directly with oxygen to form hydrogen peroxide. 


substrate Hj -f- flavoprolcin substrate 4- flavoprotein 
Ha\oprotcin Hj + Oa — * flavoprotein + HjOj 


These flavoprotein oxidases have been studied almost entirely in animal tis- 
sues, and no clear-cut demonstration of such an enzy me in bacteria has been 
made. Lactobacillus dclbruccktt contains an auto-oxidizablc flavoprotein which 
is probably responsible for the oxygen uptake of this cytochromc-frcc organ- 
ism. but the flavoprotein has not been shown to react directly with metabo- 
lites. Most peroxide formation in bacteria is probably due to flavoprotem- 
tatalvved reactions. 

Other flavoproteins function in hydrogen transport as the link between the 
dehydrogenases and the cytochromes. 


flavoprotein + 2 c>tochrumc Te+ + + 211 + 
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These flavoproteins catalyze reversible reactions and do not react with either 
metabolites or molecular oxygen. FJavoprotcins of this type have been studied 
in Bact. coli, and they probably ore found in all cytochromc-containing bac- 
teria. 

Iron-Porphyrin Protein Enzymes. Several important respiratory enzymes 
have iron-porphyrin compounds as coenzymes. These iron-porphyrins arc 
closely related to, but not identical with, the heme of hemoglobin. Only the 
iron atom of the iron-porphyrin undergoes reversible oxidation-reduction. 
Almost all aerobic cells contain three iron-porphyrin protein pigments, the 
cytochromes a, h and c. Each of the cytochromes may readily be identified 
spectroscopically by four sharp absorption bands in the visible spectrum when 
in the reduced ferrous state, and their presence or absence in a relatively large 
number of bacteria has been determined. 

The cytochromes arc almost invariably present in aerobic bacteria and absent 
in obligate anaerobes, while facultative anaerobes may be lacking one, two or 
all of the cytochromes. Although some cvtochromc-frce bacteria, such as L. 
delhrtteckii, rapidly consume oxygen, there is no doubt that the cytochromes 
are intimately associated with sustained aerobic growth and metabolism. 

Cytochrome oxidase, Warburgs respiratory enzyme, is a portion of the sub- 
microscopic particulate structure of the cell, but it may be brought into solu- 
tion or stable suspension by treatment with ultrasonic vibrations. Although 
cytochrome oxidase has never been isolated in pure form, its absorption spec- 
trum and its behavior with inhibitors show that it is an iron-porphyrin protein. 

The cytochrome system functions in respiration as the last link between sub- 
strate and oxygen. The path of the electron and hydrogen transport over the 
cytochrome system may be divided into three stepsr 

1. Reduction of cytochrome 

flavoprotein-H; 4 - 2 cytocHromc Fc+ + + ^ 

flavoprotem -f- 2 cytochrome Fe ++ + 2 H + 

2. Reduction of cytochrome oxidase 

cytochrome Fe + + -f- cytochrome oxidase F c J- + +;=J 
cytochrome Fe+ + + + cytochrome oxidase Fc++ 1 

3. Reduction of oxygen 

cytochrome oxidase Fe ++ -f ¥: 0 > + 2 H+ — * 
cytochrome oxidase Fe+ + + -f- HjO 

No peroxide can be detected in oxidations catalyzed by the cytochrome system. 
The mechanism of the reaction between cytochrome oxidase and oxygen 
(activation of oxygen) is unknown, but Warburg has suggested that oxygen 
torms a loose combination with cytochrome oxidase similar to oxyhemoglobin, 
in this complex, the oxygen is activated and accepts electrons and hydrogen 
to form water. The oxygen consumption of almost all cells is more or less com- 
pletely inhibited by hydrogen cyanide and carbon monoxide, and the carbon 
monoxide inhibition is removed by irradiation with visible light. Only the 
iron-porphyrins combine with both hydrogen cyanide and carbon monoxide, 
the carbon monoxide compounds being light-dissociable. The importance o 
the cytochrome system in aerobic respiration is shown by the almost complete 
inhibition of oxygen uptake by cyanide or carbon monoxide in cytochrome- 
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containing cells. It has been found that in respiring yeast cultures each mole- 
cule of cytochrome is oxidized and reduced 4000 times a minute, a rate suf- 
ficient to account for all the oxygen uptake of the cultures. The portion of 
bacterial respiration not inhibited by cyanide or carbon monoxide is probably 
carried out by auto-oxidizable flavoprotems or by other respiratory enzymes 
with reversibly oxidized and reduced substances such as phthiocol, a yellow 
pigment of the tubercle bacillus, or pyocyanine, a pigment produced by Ps. 
pyocyanen, as coenzymes 

Most organisms contain an enzyme called catalase which decomposes hydro- 
gen peroxide. 

2 H 2 0 2 — * 2H z O + O z 

The catalase crystallized from beef liver by Keilin and Hartree is an iron- 
porphyrin protein and it is generally accepted that catalase from other sources 
has a similar chemical nature. Catalase is present in almost all aerobic bacteria 
and some facultative anaerobes, but under usual conditions of culture it cannot 
be detected in Clostridium and some of the streptococci, lactic acid bacteria 
and dysentery bacteria. 

The peroxidases are enzymes, probably iron-porphyrin proteins, which cata- 
lyze the oxidation of substrates by hydrogen peroxide. Their distribution in 
bacteria parallels that of the cytochromes and catalase, and their function in 
bacterial metabolism is unknown. 

H)drogena$c ln is a bacterial enzyme which catalyzes the reaction of the 
normal hydrogen electrode 

H 2 — 2H+ + 2f 

In the presence of hydrogenase and molecular hydrogen, many substrates arc 
reduced. 

2 Hj + Oj — *2 H.0 
H> + UNO i — » HN0 2 + H 2 0 
4H. + H 2 S0 4 — »II 2 S + 4 H 2 0 
4 Hj + COj — ► CH< + 2 HjO 

I lydrogenasc activity was first found in the autotrophic hydrogen bacteria and 
much later in many heterotrophic facultative anaerobes such as Boct. coli. 
Recently, hydrogenase has been observed in the strongly aerobic Azotobactcr 
where it is apparently imolved in some manner with nitrogen fixation. Al- 
though hydrogenase has never been isolated, it is probably an iron-porphyrin 
protein because it is inhibited by hydrogen cyanide and by carbon monoxide, 
the latter inhibition being light-rc\crsiblc, and because it is not found in cul- 
tures grown on iron -deficient mediums. I lydrogenasc is inactivated by mole- 
cular oxygen, and it has been suggested that the Fc ++ form is active while 
the Fc+ + + form is inactive. 

The Relation of Bacteria to Molecular Oxygen. The bacteria differ 
from one another in their relationship to molecular oxygen. Certain bacteria, 
the obligate aerobes, require ready access to air, growing feebly or not at all 

16 Recent investigation* onhjdrogenase arc discussed In considerable detail by Lipmann- 
Ann. Rev. Diochcm., 1943, 12:5, and Stephenson: Antonie van Leeuwenhoek, 1947, 
12 33. 
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in its absence. Such organisms may possibly lack certain respirator)' enzymes 
necessary for anaerobic respiration, but there is no proof of this. It is also 
possible that end products of their anaerobic metabolism are toxic to them, or 
that they cannot grow in the presence of strong reducing intensities. This 
group includes such well known bacterm as the nitrifying bacteria, some of the 
sulfur bacteria. Bacillus subtilis and related forms, Azotobacter, the diphtheria 
bacillus, the cholera vibrio, and others. 

However, most bacteria can grow in the complete or virtual absence of molec- 
ular oxygen. Two types of anaerobic bacteria may be distinguished. The 
most numerous are the facultative anaerobes, which respire with equal facility 
in the presence or absence of molecular oxygen. In broth cultures, the dissolved 
oxygen is soon exhausted and, after a preliminary period of aerobic growth, 
the culture continues to develop under essentially anaerobic conditions. The 
obligate anaerobes are unable to grow in the presence of molecular oxygen, 
and oxygen is actively toxic to them; vegetative cells die very quickly upon 
exposure to air, although spores are highly resistant. Members of the genus 
Clostridium, together with microaerophilic forms which tolerate very low con- 
centrations of oxygen, are usually included in this group. 

Bacteria are unexcelled in the possession of powerful and varied means for 
obtaining energy from nutrients in the absence of oxygen. The energy ob- 
tained from a given quantity of nutrients is usually much less under anaerobic 
conditions than in the presence of oxygen, because oxidation of substrates is 
less complete, and anaerobic metabolism is characterized by a rapid utilization 
of oxidizable substrates and a great accumulation of partially oxidized end 
products. 

Bacteria carry out energy-yielding oxidations under anaerobic conditions in 
a number of ways. Inorganic compounds may be reduced and thus replace 
molecular oxygen as the final electron acceptor. For example, ammonia and a 
single organic compound such as lactic acid are sufficient to support the aerobic 
growth of Bact. colt in a medium of inorganic salts, but growth in the absence 
of air does not occur unless nitrate ion is also present and the nitrate reduced 
to nitrite by the enzyme nitratase. Organic compounds may also act as final 
oxidants in anaerobic respiration. Thus the reduction of fumaric acid to suc- 
cinic acid by succmic dehydrogenase may replace the reduction of nitrate m 
supporting the anaerobic growth of Bact. colt. Another energy-yielding reaction 
is a reaction between two substrates in which one is reduced and one is oxi- 
dized. This type of reaction is called a dismut ation, and is a very common type 
of anaerobic reaction in bacteria. For instance, acetaldehyde may dismutate to 
acetic acid and ethanol. 

2 CH 3 CHO -f- H c O CH. 1 COOH + CH 3 CH 2 OH 

While carbohydrate is the chief energy source for both aerobic and an- 
aerobic heterotrophes, certain of the obligate anaerobes possess only a very 
limited ability to metabolize carbohydrate, and an important source of energ) 
for these bacteria appears to be the coupled oxidation-reduction of pairs of 
amino acids. Cl. sporogenes, foe example, carries out the reaction between 
alanine and proline at a rapid rate 1 * (see accompanying equation). 

11 Suckland Biochem. 1934, 28-1746, 1935, 29 889. 
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D. GROUP CHARACTERIZED BV CATARRHAL OR GENERALIZED 
INFECTION 


MEASLES 

Measles is a highly infectious disease of human being*, which is endemic through- 
out the world. In Europe and America epidemics tend to occur in alternate years, 
as a fresh susceptible population of children grows up. Among civilized peoples 
it is chiefly a disease of childhood, fairly mild in itself, but when complicated by 
respiratory infections ns it so often is— is apt to be attended by a high case- 
fatality rate Introduced, however, into non-endemic areas it affects young and 
old alike, and takes on a more malignant character. When it was imported, for 
example, into the Fiji islands in 1875, it earned off 20-1?.") per cent, of the entire 
population (see Rrmeker 1038). Most children expo-wd to infection for the first 
time contract the disease. For instance, in the epidemic »n southern Greenland 
described by ('hrMi'iwii ami his colleagues ( 1 953) the attack rate was 000 per 1,000 
There is some ewdemc, howe\er, that during epidemics a small proportion of 
children may develop a latent infection resulting in a temporary or sometimes 
permanent immunity (see Ibdlulay 1028, Stocks and Kara 1028, Kndcrs 1011). 

In this country measles is a disease of winter and spring, the maximum mortality 
usually being recorded in April. The niiml>er of deaths is now far less than it 
used to be— partly perhaps because of the better nutritional state of the children 
and partly because of the introduction of prophylactic serum and of the nntibiotic 
treatment of secondary infections The incubation period is usually 10-11 day 3 , 
depending on whether the fever or the rush is counted as the beginning of the 
disease. Infectiousness appears to be greatest during the catarrhal stage, hut lasts 
from about •! days before to 5 days after the appearance of the rash. Comparing 
measles, varicella, and mumps, Simpson (1952) found that the age distribution o 
these discuses was inversely related to their degree of infeetiousnc.ss, measles attac 
ing the younger and mumps the older children with varicella coming in between. 

Anderson ant! Goldbcrgcr (1911) first recorded ovidenco indicating that measles could 
be experimentally transmitted to monkeys. Tho experiments of Nicollo and Consei 
(1911, J920) likewise suggested that monkeys wero susceptible. Tho most convincing 
evidence, however, w-as brought by Blako and Trask (1921). These w orkers were a 
by tiie intratracheal inoculation of filtered ami un filtered nasopharyngeal washings a e 
from measles patients G days before to 22 hours after tho appcaranco of the ras 
produce in monkeys (Macacua rhesus ) a disease closely simulating human measles, 
an incubation period of 6 to 10 daj's, there developed a characteristic group of symp 0 
2198 
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Nil, Clli — CHj 

I 1 I 

CH*— CH— COOH + 2 OIi CH— COOH + 2 H,0 ► 

\/ 

XH 

alanine pro! me 

OltCOOH + COj + XHi + Nil* — CH* — CH* — CH* — CHjCOOH 

from oxidation of alanine from reduction of proline 

As already mentioned, the obligate anaerobes contain none or very little of 
the iron-porphyrin respiratory enzymes, a definite indication of enzymatic 
deficiency However, the toxicity of molecular oxy gen to these bacteria re- 
quires more explanation than their lack of oxygen-transporting enzymes The 
catala s e theory is based on the discovery that certain bacteria produce hydro- 
gen peroxide in amounts ^sufficient to be toxic to themselves. 12 In cultures of 
those species which do not produce catalase and arc peroxide-sensitive, per- 
oxide accumulates and the culture becomes self-stcniizing; the pneumococcus 
is an example of this type of microorganisms. Those bacteria which produce 
catalase decompose the peroxide as it forms and it does not accumulate to toxic 
concentrations. The obligate anaerobes are peroxide-sensitive and do not form 
catalase Hence it has been suggested that these organisms form peroxide 
rapidly in the presence of air and therefore oxygen is toxic to them. Although 
this theory is accepted by some, it entirely lacks supporting evidence, for all 
attempts to demonstrate peroxide in cultures exposed to air have failed. 

It has also been proposed th3t the reducing intensity of the medium is the * 
y factor governing whether or not growth will occur. Experimental evidence, 
both direct and indirect, has been presented which indicates that a certain 
degree of reducing intensity is essential to the germination of tetanus spores 11 , 
the positive limit appears to be about +50 millivolts at pH 7 0. It has been 
suggested that this accounts for the failure of tetanus spores to germinate in 
healthy tissues in the absence of trauma or secondary infection as is sometimes 
observed Since a sufficient reducing intensity cannot be maintained in the 
presence of oxygen, oxygen is toxic It is not clear why such a reducing in- 
tensity should be required Possibly jomc of the respiratory enzymes of the 
obligate anjerobes arc oxy gcn-labilc, i c., active in the reduced state and inac- 
tive in the oxidized state, as arc some of the bactcnal hemolysins (p 207) or 
hydrogenate (p 73), or perhaps the substrates of some of the enzymes of 
these organisms arc unstable under aerobic conditions. 

The Hole of P!in«phnrylatcd Compound* in the Conservation and 
Utilization of the Energy IJlwrntcd in Respiration . 14 Phosphorylated 
organic compounds arc of primary importance in the energy metabolism of 
bacteria and all other living things. Phosphorylated compounds of biological 
importance may be conveniently divided into two groups according to the 
energy hlierated upon hydrolysis of the linkage involving the phosphorus. 

* s McLeod anj Govenhcl Lancet, 1921, i-900. 

11 Knirfil and Fddcs Binehcm. J., 19JO. 24 1496. Quastel and Stephenvm Biochcm 
J.. 1925, 20 1125. 

14 Gitnprcbemise divwonm of this subject line been Riven In Lipmann Advances in 
I'm* innings, 1941, I 99. and KalcLar: Chrm Hot.. 1941. 2S 71 
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healthy home contacts from attending school, provided that they are kept under 
observation. In view of the high complication rate due to cross-infection with 
haemolytic streptococci, treatment at home rather than in hospital is advocated 
for patients with uncomplicated measles (see Wright 1915). 

The specific prophylaxis of measles is greatly aided by the use of human serum 
or its derivatives. The new-born infant, so long ns its mother has had measles, is 
passively protected for the first 4-6 months of life. From then up till 12 months 
of age it is advisable to prevent an attack completely. After that the aim of serum 
prophylaxis should be to produce an attenuated attack. However, in weakly 
debilitated children, in children suffering from another disease, and sometimes in 
hospitals and institutions, complete protection should be aimed at. When complete 
protection is attained, the duration of the resulting immunity is 3-1 weeks, and the 
patient is subsequently susceptible to infection. The immunity following an 
attenuated attack appears to be permanent. 

The various products that may l>c used are : (a) Whole blood. This is of value 
mainly in general practice when blood may be withdrawn from the mother or other 
member of the household and injected directly into the child. The objection to 
whole blood is that it may sensitize the recipient to rhesus agglutinogen : it should 
therefore be avoided, if possible, in female children (Marshall 1918). (6) Adull 
serum. This is satisfactory if the blood is withdrawn from normal adults who 
have previously suffered from measles, but the requisite dosage is fairly high (see 
Brmcker 1936). (c) Convalescent serum. Serum prepared from the blood of con- 
valescent patients taken 7-10 days after defervescence has about twice the pro- 
tective power of normal adult serum and hence can be given in half the dosage. 
(d) Placental extract. This was recommended by McKIiarm and Chu (1933) and 
McKhann (1937) In potency it occupies a place midway between adult aud 
convalescent scrum. The difficulty, however, of extracting the placental globulins 
and the high proportion of local and systemic reactions that follow its use have 
precluded it from general acceptance, (e) Gamma globulin. This can be extracted 
from human plasma cither by the ethanol-water method of protein fractionation 
devised by Cohn and his colleagues (1946) or by the ether method of Kekwick and 
Mackay (1951). Both products contain the specific antibody in greater concen- 
tration than convalescent serum, cause only few and mild reactions, and prove on 
the whole very satisfactory in practice (Cohn cl al 1914, Stokes el al. 1914, 
Ordman et al 1911, Greenberg ct al 1911, Report 1950). 

Which of these preparations should be selected must depend on circumstances. 

In the past adult scrum has been extensively used, with a considerable measure 
of success. The occasional occurrence, however, of serum hepatitis after its use, 
sometimes with serious and even fatal effects (see p 2207), has brought it in o 
gradually increasing disfavour. Attempts to destroy the hepatitis virus in e 
serum by ultraviolet irradiation have proved disappointing, and the tendency now 
is to replace serum as completely as possible by gamma globulin, which, so ar as 
present experience goes, appears to be free from the risk of causing this partieu ar 
complication. . . ij 

When gamma globulin is not available and adult serum has to he used, l s ^ 
be injected intramuscularly, preferably into the vastus externus. Comp c e P^ 
tection is difficult to secure, unless large doses are given within 5 days o ex P 0S ^^ 
to infection. For attenuation, the dose may be estimated, in millilitres, as 
age of the child multiplied by 2 when the injection is made within 5 days o expo > 
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Low phosphate bond energy compounds High phosphate bond energy compounds 

3-4 kg. cal ./mole liberated upon hydiol* 10-12 kg. cal./mole liberated upon by- 
ysis of each phosphate bond drolysis of each phosphate bond 

stable compounds unstable compounds 

strong bond involving phosphorus • weak bond involving phosphorus 


All compounds in which the phosphoric acid radical is csterified to an 
alcoholic hydroxyl have low energy phosphate bonds. Glucose-6-phosphate is a 
good example of this type of compound: 



glucose-6- phosphate 


High energy phosphate bonds are found in three different kinds of com- 
pounds, typified by adenosine triphosphate (ATP), 1, 3 -diphosphoglyceric 
acid and phosphopymvic acid (see accompanying formulae). 


•NH« 

— N 


— C H— CH— C II— C H— CH»0— P— 0~P— 0~ P-OH 
1 -a- 1 jm j)H oh 

adenosine Iri phosphate [ATP) 


CH,— O— P— OH 

I in 

HCOH 

I s 

C 0~P— OH 

II 1 

o 6 h 

} ,3-diphosphoglyceric acid 

(high energy phosphate bond 


-OH 


CH, 

II 

C— O- 
I i 
C— OH OH 
!> 

0 

phosphopymvic acid 


In each of these substances, the high energy phosphate bond results from 
formation of an anhydride, i.e,, elimination of a molecule of water between 


19 This terminology was introduced by Lipmann (see reference 14). 
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of rubella proved refractory to experimental infection, suggesting that they had 
previously suffered from the disease in a latent or sub-clinical form. Krugmao and 
Iiis colleagues (1953) were likewise successful in transmitting the disease experi- 
mentally to human volunteers by intramuscular injection of blood serum and by 
nasal and oral administration of nasopharyngeal washings. In their experience the 
incubation period was only 9-16 days. The virus can be preserved at —70° C. for 
at least 9 months. Anderson (1951) reported its cultivation in roller tube tissue 
cultures of adult monkey kidney. (See also Habel 1912.) 

Gregg (1941) and Swan and his colleagues (1913, 1914) in Australia drew attention 
to the prevalence of abnormalities in infants born of mothers who had suffered from 
rubella during pregnancy. Congenital cataract, deaf-mutism and cardiac disease 
arc the commonest defects, but numerous others such as strabismus, cleft palate, 
spina bifida, and microcephaly have been reported. There is reason also to believe 
that pregnancy may end in stillbirth (Swan 1918) Complications arc most likely 
if rubella occurs in the first 3 or 4 months of pregnancy, the 2nd and 3rd being 
apparently the most dangerous (Swan and Tostcvin 1916). These observations 
have been confirmed in many other countries (see Offer el nl 1917, Clayton-Jones 
1917) How frequently maternal rubella in pregnancy results in abnormalities of 
the infant, it is difficult to say; the few figures available arc rather conflicting. 
Rubella is probably not the only virus disease to bo transmitted to the feetus. 
Aycock and Ingalls (1946) bring evidence to suggest that poliomyelitis during 
pregnancy may lead to congenital abnormalities ; and there is other evidence that 
measles and chicken-pox may occasionally act in the same way. 

In view of these findings it is highly desirable, for girls at any rate, to have 
rubella before puberty Whether it is justifiable to expose them deliberately to 
infection or to transmit the disease to them experimentally, is open to discussion, 
but so long as the subjects are healthy and there is no fear of any other infection 
being transmitted simultaneously there is a good deal to be said for it. It should 
be remembered that the disease produced experimentally is contagious and that 
it may not be accompanied by a rash. Care should therefore be taken to prevent 
the infection spreading to pregnant women who have not had the disease. Pregnant 
women without a history of rubella who arc exposed to infection should be given 
gamma globulin, preferably made from convalescent serum, as soon as possible in 
the hope that it may forestall the disease, but so far the evidence of its value in 
this respect is unconvincing (see Korns 1952, Anderson and McLorinan 1953). 

MUMPS 

Mumps is an infectious disease of human beings characterized by a non- 
suppurative enlargement of the parotid glands, and sometimes of the testtces. 

It is commonest between 5 and 15 years of age, but often attacks young a n 
recruits to the fighting services Most cases occur in the spring. The incuba ion 
period is variable ; it is usually given as 12-26 days with 18 days as the commones . 
Infectivity probably lasts from a day or two before symptoms appear to t e 19 
appearance of the glandular swelling. Transmission occurs directly or in irec y 
from infected saliva The infectiousness is much lower than that of meases o 
chicken-pox, and latent and sub-climcal attacks are frequent (Mans el a ’ 
Simpson 1952). The disease seldom proves fatal, and even the memngi is 
encephalitis that may follow it are usually benign. Second attacks are uncomrn 
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in the infected chick embryo. One, the V antigen, is closely linked with the virus 
in the amniotic and allantoic fluids : the other, the soluble or S antigen, is smaller 
in size and is present chiefly in the membranes (Henle, Harris and Henle 1918). 
In mumps, antibodies to the S antigen appear early in the disease and reach hi«h 
levels before antibodies to the V antigen begin to rise. During early convalescence 
both antibodies are demonstrable in high titre. Later, the S antibodies usually 
decline more quickly than the V, so that after some years only V antibodies may 
be found. S antibodies may be detectable on the 1st or 2nd day of the disease, 
and are sometimes of value in the diagnosis of meningo-encephalitis in the absence 
of glandular swelling, (c) Hcemagglutination-inhibilion lest The patient’s serum 
is examined for its ability to prevent agglutination of chicken red corpuscles by the 
virus. The usual two specimens of sera, taken during the acute stage of the disease 
and during convalescence respectively, are required to show a rise in antibody titre. 
The test is said to be inferior in value for diagnostic purposes to the complement- 
fixation test (Lundback 1949). (d) Modified human red cell agglutination test. 
Burnet (1946) found that human red blood corpuscles treated under certain con- 
ditions with mumps virus were specifically agglutinated by mumps antibody. 
This test is very sensitive and the end-point may be difficult to determine (Aikawa 
and Meiklejohn 1949). (e) Serum neutralization test. Gotlieb and his colleagues 
(1953) developed a neutralization test for mumps in the chick embryo using serial 
dilutions of inactivated serum and constant a mounts of virus. Convalescent sera 
showed a wide range of neutralizing activity from 1/8 to over 1/2,000 The 
neutralizing titres did not run parallel to those obtained by the complement- 
fixation and hemagglutination-inhibition tests, which themselves yielded different 
results. (/) Shin test. When a suspension of heated inactivated mumps virus from 
the parotid glands of infected rhesus monkeys is injected intradermally into a person 
who has had mumps, an erythematous reaction occurs reaching 10-15 mm. or more 
in diameter within 48 hours (Enders et al. 1946). As an index of immunity the 
test appears to he of much the same value as the complement-fixation test (Henle 
et al. 1951). (For serological confusion with the Newcastle virus, see p. 2230.) 

Protection. — Attempts to produce active immunity against mumps are still in 
the experimental stage. Virus grown in eggs may be inactivated by ether, formalin, 
or ultraviolet irradiation, or a living attenuated virus may be used. None of these 
vaccines, however, has so far proved capable of giving rise to a firm persistent 
immunity (sec Stokes et al 1946, Habel 1951, Bashe et al. 1953). It should c 
added that mumps is not usually a serious disease, and vaccination should sel om 
be called for except in special circumstances, such perhaps as the protection o 
hospital staffs and of groups of young adults undergoing military training. Ba i<’ s 
born of mothers that have had mumps are immune by virtue of passively tram? 
ferred antibody. Some degree of passive protection may perhaps be confcrre JT 
the injection of convalescent serum, or better gamma globulin, within five days o 
exposure to infection. The gamma globulin should be prepared from com ® e _ s . c ^ c 
serum and should be given in a dose of about 20 ml. to an adult. Its chic ' ir 
is to lower the risk of developing orchitis, which so often complicates the isc 
in adult life (see Gcllis et al. 19456). 



Bacterial Physiology 


THE AUTOTROPHIC BACTERIA 

Of the many types of physiological activity occurring among the bacteria, 
that of the so-called autotrophes is unique in biochemical physiology. The 
respiratory mechanisms of chemosynthetic organisms arc concerned, for the 
most part, with the oxidation of organic molecules. Such organisms are gen- 
erally spoken of as heterotrophes, organisms which are dependent upon the 
organic substances synthesized by other living cells. The autotrophic bac- 
teria, however, derive the energy necessary to their life processes from the 
oxidation of inorganic compounds of nitrogen, sulfur and iron, and obtain 
nitrogen from ammonium salts and carbon from carbonate or carbon dioxide. 

The Nitrifying Bacteria. Of the autotrophic bacteria perhaps the most 
important single group is that of the microorganisms, discovered by Wino 
gradsky in 1890, which oxidize ammonia to nitrite and nitrite to nitrate. The 
species of bacteria concerned are Nitrosomonas and Nitrosococcus (so-called 
because their cultures give the nitroso reaction in the qualitative test for 
nitrite) which bring about the reaction: 

nh* — » no; 

and Nitrobacter which brings about the reaction: 

no; — » no; 

These equations represent the reactions from which these organisms obtain 
energy for maintenance and growth. In the presence of ammonia and nitrate 
organic compounds arc not oxidized, and their presence may even inhibit 
growth. 10 However, Boltjes has observed a favorable influence of certain pro- 
tein derivatives and fatty acids upon the growth of nitrifying bacteria, and 
Bomeke has shown that, in the absence of ammonia and nitrite, these organ- 
isms carry out an oxidation of organic substances, presumably of endogenous 
origin. 

The relative simplicity of the respiratory mechanisms of these two species 
of nitrifying bacteria has made possible a reliable determination of the free 
energy efficiency of these organisms. The ratio of nitrogen oxidized to carbon 
fixed as protoplasm has been found to be 35 for Nitrosomonas and 135 for 
Nitrobacter. Assuming the energy consumed in the synthesis of proioplasm 
to approximate that of the reduction of carbon dioxide to hexo.e, the 
efficiency of Nitrobacter becomes 7.8 per cent and that of Nitrosomonas 5- 
per cent. 17 Presumably, then, about 95 per cent of the energy liberated shou 
appear as heat, and experiment has shown this to be true. As machines, 
therefore, the nitrifying bacteria are not highly efficient. , 

The actual process of oxidation is entirely unknown; it has been suggeste 
that hydroxylamine and hyponitrous acid may be intermediates, but there is 
no evidence for this. 

16 For example, 0.015 M glucose completely inhibits Nitrobacter in liquid media an^ 
somewhat higher concentrations, 0.2 per cent, are necessary to inhibit growth in sa 
media or soil. (Coleman: Centralbl. f. Baht, 1908, Abt. II, 20 401, 485 ) 

17 Calculated on a free energy rather than heat of combustion basis. Cf. Bass yee ' 
and Parks: Energy Relations in the Metabolism of Autotrophic Bacteria. Physio 
1927, 7:85. 



1202 MECHANISMS OF SPECIFIC ANTIBACTERIAL IMMUNITY 

Robertson and Felix (1930) found that an antiserum to Cl. scpticutn, containing anti* 
bodies against the heat-stable somatic antigen, but none against the heat-labile flagellar 
antigens, had a high protective value in mice. Henderson (1932) recorded analogous 
results with Cl. chauvcei. These results accord in general with those found in the sal- 
monellse. But later Henderson (1937) observed that antisera to unheated formolized 
Cl. septicum contained a protective antibody specific for a heat-labile antigen in the bacilli. 
The antigen had none of the qualities of the heat-labile Vi antigens, and appeared to bo 
flagellar in nature, the protective effect being roughly proportional to the flagellar agglu- 
tination titre. Henderson suggested that flagellar antibody might exert an immobilizing 
effect on a motile, pathogenic bacterium and thus prevent its dissemination through the 
tissues. 

The Efficacy of Antibacterial Immunity. 

As we have already emphasized in Chapter 42, immunity may be of very varying 
grade. The first effect of the mechanisms that we have discussed in the present 
chapter is to free the circulating blood from bacteria, and so save the host from a 
fatal bacteremia. The effect on the local foci of infection is less pronounced, and 
much less rapid. Bacteria may remain latent in Buch foci over considerable periods. 

Thus (Topley 1929) of 64 vaccinated mico that had survived in apparent health for 
28 days after an intraperitoncal injection of 1,000 virulent Salm. lyphi-murium, 31 were 
found to be harbouring that organism in the spleen. We need not doubt that a complete 
sterilization of the tissues often occurs ; but wo must not identify the absence of overt 
illness with a complete absence of infection, or assume that illness followed by recovery 
is identical with a return to the uninfected Btntc. 

There is another factor which may limit the efficacy of immunity of this type. 
There arc regions of the body in which bacterial infections are particularly dangerous, 
and when foci are established at these sites an immunity that is effective against 
lesions elsewhere seems to be of little avail. Thus Bull (19156) noted that im- 
munized animals, after rapidly freeing their blood stream of pneumococci and re- 
maining in apparent health for several days, might later succumb to a pneumococcal 
meningitis. The particular susceptibility of certain regions of the body, even in 
the immune animal, may be an inherent feature of the animal. It may also be a 
reflection of variations in the distribution and efficacy of antibody in the various 
tissues. We shall examine this latter possibility in the next section. 

In general, antibacterial immunity is, as we should expect, more variable and 
often less effective than antitoxic immunity 

The Conditions under which Antibodies exert their Protective Action. 

The union of antibody with the surface antigens of an invading bacterium 
clearly renders the parasite more susceptible to the defence mechanisms of the 
infected host — for example, to the lethal and bacteriolytic action of complement 
and to phagocytosis. The importance for protection of the host of phenomena 
like precipitation and agglutination is less well established. The formation o 
visible precipitates, or of an agglutinated mass of bacteria, in the tissues or tissue 
fluids of an immune animal cannot take place unless there is an adequate concen- 
tration of antigen, either in the form of soluble products of bacteria, or of bacteria 
themselves. 

In discussing the functional significance of precipitins Cannon (1940) suggests that 
specific aggregates in the body range in size from molecular aggregates up to large pre 
cipitates. The in vivo formation of large precipitates is, however, mostly a ma e 
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Bennett and Stokes (11)52) of aitoutbreak in an orphanage lasting over a period of 
8 years supports the view that close contact with fiecal material is the common 
mode of infection. The clinically manifest disease was almost completely con- 
fined to a group of student nurses. These became infected from the infants and 
children among whom there was a continual series of anicteric cases. The institution 
of a nursing technique designed to reduce the risk of infection from the faeces 
brought the outbreak in the nurses to an end, even though no steps were taken to 
control infection by the respiratory tract. The pathogenesis of the disease is by 
no means clear, and it may l>c that some activating factor, such as that met with 
in infectious hepatitis of mice (sec p. 2211), is necessary to enable the hepatitis 
virus to produce its full effect. 

Though various animals, such as pigs, mice, rats, and canaries, arc said to have 
been infected experimentally (see Andersen and Tulinius 1938, Drcscl and Weineck 
1950, Wildfuht 1951), no satisfactorily reproducible Tcsults have been obtained by 
this means Most of our knowledge about the infective ngent has been derived 
from transmission experiments on human hemgs. These have shown that volun- 
teers can be infected with fieces or blood taken during the first few clays of the 
disease, but not with pharyngeal secretions or with urine (Vocgt 1942, Cameron 
1943, MacCallum and Bradley 1911, Nccfe and Stokes 19 ID, Havens 1940a, Report 
1951b) An exception may perhaps be made for urine, which Findlay and Willeox 
(1915) found to be infective in natives suffering from bilhnrziasis. The agent, 
which is sometimes referred to ns Virus A, can pass through a Seitz filter, and 
proves infective by subcutaneous injection as well as by the mouth (Cameron 1943, 
Neefe and Stokes 1915, Findlay and Willcox 1915). The incubation period after 
oral infection is the same as m the natural disease, namely 15-10 days. 

Early attempts to cultivate the virus proved a failure ; but W. Henle and his 
colleagues (1950) reported success by the inoculation of serum and of filtered stools 
from cases during the acute stage into tissue cultures of rabbit liver cells in roller 
tubes and minced chick embryos m Simms-Sanders medium followed by passage 
through the anmiotic cavity of the chick. Strains were isolated from two separate 
outbreaks, and reproduced nn anicteric form of the disease in human volunteers 
infected by the mouth after an average incubation period of 24 days (Drake el a 
1950). Confirmation of these results is still awaited. 

Apart from exclusion of a known pathogenic ngent and of Weils disease, 
bacteriology can be of little help in the diagnosis of infective jaundice. T oug 
there may be a transient leucocytosis in the early stage of the disease, leucopenia 
is the rule There is a rise m the relative proportion of monocytes, but less an 
that m glandular fever The blood picture alone is often of value m the di eren i 
diagnosis from Weil’s disease, in which there is a polymorphonuclear leucocy osw 
No specific complement-fixation test has yet been worked out (Mi es 
G Henle and her colleagues (1950) described a skin test with an antigen P* e P a ^ 
by irradiation of infected anmiotic fluid The test is positive in about a 
cases during the course of the disease, and in 90-100 per cent, of persons^ ^ 
have recovered from it Its value therefore appears to lie more in in Cgnnett 
existence of immunity to the disease than in diagnosis of an actual attac ' I , 
el al. 1952) The virus resists heating at 55° C for over 1 hour, but can e es 
under certain conditions by ultraviolet irradiation. In water it su * v *' e L° p m 
ation ivith 1 p.p m of chlorine for over 30 minutes, but is attenuate y P 
(Neefe et al. 1945). 
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resulted from the microbial oxidation of sulfur to sulfate neutralized by cal- 
cium salts present in the earth. 

The Sulfide Bacteria. The oxidation of sulfur compounds by these organ- 
isms proceeds through a senes of stages. The so-called "sulfide bacteria/' 
including the filamentous forms, derive their energy primarily through the 
oxidation of hydrogen sulfide to elementary sulfur, which is deposited as 
granules within the cells: 

H 2 S + % Oj — > H»0 4- S 

The reaction is the energy-yielding process of these organisms. If the supply 
of hydrogen sulfide nins low, the organisms further oxidize the accumulated 
sulfur to sulfate. 

S+IUO 2 + H* O— »HjSO< 

The Thiowc Acid Bacteria. A second physiological group, called the thio- 
sulfate or thionic acid bacteria, obtains its energy primarily through the oxida- 
tion of thiosulfate, though some members are capable of oxidizing elementary 
sulfur The obligate autotrophe, Thiohacillus thiopartis, is included in this 
group, together with Thiohacillus deuitrificaus. Some strains of the latter haie 
been found to be obligate autotrophes and also obligate anaerobes, growing m 
the presence of nitrate, while other strains are both facultative autotrophes 
and Facultative anaerobes. Thiohacillus thiopartis accumulates free sulfur out- 
side of the bacterial cells when grown in thiosulfate media and the oxidation 
is supposed to proceed thus- 

5 NaaSaOa -f H 2 0 + 4 Oj 5 NajSOi + H 2 SO, 4-4S 
This organism is also able to oxidize sulfide and tctr.ithionate but oxidizes ele- 
mentary sulfur to sulfate only very slowly. A number of common enteric 
bacilli, however, are able to reduce tetrathionatc 

The oxidation of sulfur and reduction of nitrate by Thiohacillus denitri- 
ficans growing under anaerobic conditions proceeds either as: 

5 S + 6 KNO 3 + 2H.O^ K 2 SO 4 4- 4 KHSO 4 4- 3 N 2 

or, in the presence of calcium carbonate, as. 

5 S 4 - 6 KNO.i 4 - 2 CaCO.j — » 3 K 2 SO, 4- 2 CaSO* + 2 CO> 4 - 3 N 2 
The organism is able to oxidize thiosulfate anaerobically in the presence of 
nitrate according to the following reaction. 

5 Na^S 2 0 3 4- 8 KNO., -f 2 NaHCO, — > 6 Na.>SCh 4- 4 K -SO, + 2 CO> + 

+ HaU 

The Sulfur Bacteria. A third group, the sulfur bacteria, is represented b> 
only one species. Thiohacillus thiooxidans , yvhich derives its energy primarily 
through the oxidation of elementary sulfur to sulfate. It is also able to oxidize 
thiosulfate to sulfate, both oxidations proceeding as indicated above. 
strictly autotrophic organism is remarkable for its tolerance of high acidities. 
Sulfuric acid accumulates in its cultures as a result of the oxidation of sultur, 
and normal groyvth takes place in concentrations as high as 0 25 molar, an 
even 0.5 molar docs not completely inhibit growth. Although 3 strict auto- 
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(Lehane et al 1949). Calculations indicated that at least 0-35 per cent, of donors 
must have been carrying the icterogenic virus. 

The incubation period of serum hepatitis is usually 2-5 months. The morbidity 
is often high. In some outbreaks the case-fatality rate has been negligible ; in 
others it has been considerable. There is at present little evidence to suggest that 
serum jaundice is contagious. Experiments on human volunteers have shown that 
the serum of patients suffering from the disease can give rise to jaundice on sub- 
cutaneous injection, and that the infective agent is present in the blood during the 
latter part of the incubation period, during the acute stage, but not usually during 
convalescence (Oliphant el al. 1943, Havens 19466), though it has been demon- 
strated in the blood for as long as 5 years after an attack (Report 1953a). The virus, 
which is sometimes known as Virus B, does not appear to be present in the stools, 
nor can infection be transmitted by the oral route. Filtration experiments show 
that it can pass through a gradocol membrane of A.P.D. 52 m/t, suggesting that it 
is probably not more than 26 m u in diameter (see Report 1953a) 


Relationship of serum hepatitis to infectious hepatitis. — Opinion is divided on 
the relationship between these two diseases. The general symptomatology, the 
changes in the white cells of the blood, and the primary necrosis of the liver are 
all compatible with the view that they are caused by the same infective agent 
(see Dible et al. 1943, Sheehan 1944). Moreover, the causative agent of both 
diseases is fairly heat resistant, withstanding a temperature of 56° C. for at least 
1 hour. On the other hand, there are several differences between them, some of 
which are dependent on the different methods of transmission (Table 179). 


TABLE 179 

Differences between Infectious Hepatitis and Serum Hepatitis. 


Infectious Hepatitis 

1. Contagious . . . ... 

2. Incubation period 15—10 days 

3. Onset acute 

4. Febrile course 

5. Affects children and young adults 
C. Commonest in autumn and « inter 

7. Virus present in stools 

8 . Disease experimentally transmissible by 

mouth 

9. One attack confers some immunity to infec- 

tious hepatitis but not to serum hepatitis 
10. Skin test with hepatitis virus positive 


Scrum Hepatitis 
Apparently not contagious 
Incubation period 00-100 days 
Onset insidious 
Little or no fever 
Affects all ages 
Occurs all the 3 - ear round 
Virus apparently not present in stools 
Disease not experimentally transmissible 3 
mouth m 

One attack confers some immunity to seru 
hepatitis, but not to infectious bepaUtw 
Skin test with hepatitis virus negative 


It may be added that an attack of scrum hepatitis not only fails to 
immunity against infectious hepatitis but actually seems to predispose to it ( ,ft “ 
1947). None of these differences by itself is conclusive evidence that t ie 
viruses are distinct. The longer incubation period of scrum hepatitis, for exaiup^- 
may result from partial neutralization of the virus by antibodies m the 1 
the donor or recipient (Aycock and Oren 1947). The failure of cross-iimnuni > n ^ 
be ascribable to differences in antigenic constitution, and the non-pathogen*^)^ 
the serum hepatitis virus by the mouth to differences in virulence 
of opinion perhaps favours the dualistic conception (Report 1953a ) ; but ns ^ 
us with the problem of deciding how serum jaundice is normally propaga 
absence of parenteral injection. Since, moreover, it is known that par 
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least 15 months. It can be grown on the chorioallantoic membrano of the developing 
chick embryo. If differs from the virus of infectious 1 lopatitis and from the mouse hepatitis 
virus described by Gledhill and Andrew es (see below). 


Infectious Hepatitis in Animals 

Hepatitis of viral origin seems to be not uncommon in animals. Among do"s 
and mice we know that the disease may be widely spread under natural conditions, 
and there is reason to believe that the same may be true of certain other animals 

Infectious hepatitis of Dogs . — Rubarth (1947) described an infectious hepatitis 
of dogs that appears to be widespread in Sweden. The disease is sometimes known 
by his name. All breeds are affected, but terriers seem to suffer most. Suscepti- 
bility is greatest just after weaning. The clinical picture is one of apathy, anorexia, 
thirst, diarrhoea and vomiting, fever and occasionally convulsions ; jaundice is 
uncommon. The disease, which is contagious, ranges in severity from the acute 
fulminating type with death in 24 hours to a completely symptomless infection 
On the whole, the case-fatality rate seems to be low. Post mortem in fatal cases 
hepatitis and splenitis arc found with increase of fluid in the peritoneal cavity and 
subcutaneous tissues. Histologically, Rubarth reported the presence of intra- 
nuclear inclusions in the liver cells and in the vascular endothelium. He prepared 
a freeze-dried antigen from the liver which fixed complement with the serum of 
affected dogs From the fact that 70 out of 100 dogs of various ages contained 
complement-fixing antibodies in the blood, he concluded that the disease was very 
common but was not usually diagnosed. He was able to reproduce the disease 
by the intraperitoneal inoculation of liver, serum or peritoneal fluid into susceptible 
puppies, but not into laboratory animals ; the incubation period of the experi- 
mental disease was 3 days. Liver suspensions were still infective after Seitz 
filtration. Rubarth’s observations have been generally confirmed by workers in 
other countries (see Parry ct al. 1951). Miles and his colleagues (1951), who studied 
an outbreak in Great Britain, described the cultivation of the infective agent in the 
yolk sac of fertile eggs with reproduction of the disease in dogs after 12 successive 
passages. Recovery from the natural disease is followed by immunity lasting for 
at least a year. No satisfactory form of treatment is yet know'n. 

Encephalitis of Foxes . — We include here a disease which according to Rubart i 
( 1947) is caused by a virus closely allied to, if not identical with, infectious hepatitis 
of dogs. Encephalitis of foxes is endemic in certain parts of the United States, 
and at times assumes epidemic proportions. It is caused by a filtrablc virus 
which invades the blood, probably through the respiratory mucosa, and may 
demonstrated in various tissues. Clinically the disease is characterized by anorexia, 
liyperexcit abil lty or lethargy, convulsions, paralysis, and not infrequen ) S 
death. Pathologically, haemorrhages in the brain and cord and in the v|s ^ r j* 
constitute the most striking feature of the disease ; perivascular infiltration 
round cells is common in the cerebral nervous system, and the meninges 
usually involved. Characteristic intranuclear inclusion bodies arc found m ^ 
ependymal and endothelial cells of the central nervous system The disc» 8 ^c^ 
be reproduced by intramuscular, intranasal, or intracranial inoculation o 
foxes with homogenized brain and spinal cord. Unlike the natural disease, ' ^ 

seldom has a case fatality exceeding 20 per cent., the experimental < 
fatal in about 70 per cent, of cases. Infection can also be transmitte 0 c ’ 
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systems. It is suggested by van Niel that the photochemical decomposition of 
water is the light reaction, while the reduction of carbon dioxide is a dark 
reaction. The green pigment, known as bncieriochlorin or bacteriochloroph )ll, 
is a pyrrol pigment with a porphin nucleus containing magnesium, and it is 
closely related to, though not identical with, green plant chlorophylls a and b. 

A group of organisms known as the non-sulfur purple bacteria contain bac- 
teriochlorophvll and are photosvnthetic, but differ from the purple sulfur bac- 
teria in that the reduction is coupled only with the oxidation of organic mat- 
ter, i.e., they are not facultative autotrophes. They are, therefore, intermediate 
between the sulfur forms and non-photosynthetic bacteria with a typical oxida- 
tive metabolism. Available information concerning them has been reviewed 
by van Niel. 20 

The bacterial oxidation of sulfur and its compounds is of considerable im- 
portance in the processes involved in the maintenance of the sulfur cycle. As in 
the case oF nitrogen, many bacteria are capable of reducing sulfur— the e\ elu- 
tion of hydrogen sulfide from decomposing organic matter reflects the wide- 
spread reduction of sulfur in lieu of oxygen under anaerobic conditions-but 
only a few are able to oxidize it. These organisms assume considerable prac- 
tical significance at times, producing corrosion of metals laid in sulfur-contain- 
ing clay soils 21 and are sometimes responsible for the disintegration of stone 
and mortar. 22 

The relative simplicity of the respiratory mechanisms of the sulfur bacteria 
is m ttself of no small general physiological interest, but equal importance 
attaches to the fact that these organisms appear to constitute a link between the 
autotrophic organisms and those dependent upon preformed organic matter 
through the species that are facultatively autotrophic. Their efficiency is of 
the same order as that of the nitrifying bacteria, i.e., 5 to 8 per cent of the 
energy made available through the oxidation of sulfur and sulfur compounds 
is utilized in synthesis of cell substances. 

The Iron Bacteria, Certain of the filamentous bacteria are characterized 
by deposits of ferric hydroxide in the sheath surrounding the filament oi, 
sometimes, within the cell itself. It was early suggested that these organisms 
are able to oxidize ferrous to ferric iron and utilize the energy so liberated 
It appears, however, that although some of the so-called iron bacteria are 
obligate autotrophes w'hich are dependent upon the oxidation of ir >n as a 
source of energy, the presence of ferric hydroxide is not necessarilj' inJicatnc 
of an autotrophic metabolism. One species, SpirophjUnm femtginenw, is an 
obligate autotrophic organism which grows in inorganic solutions containing 
ferrous carbonate. The oxidation proceeds according to the following reaction. 

2 TeCO, + 3 H,0 -f H O, * Fe,(OH)« -f 2 CO, 

The reaction is exothermic but the energy weld is small, about 15 calorics per 
mol, and large amounts of ferrous salt must be oxidized. Starkey* 3 has shown 
that the oxidation of 55.8 gm. of iron as ferrous carbonate produces 106.8 gm. 

80 % an Niel Bact. Rev., 1944, 8.1. 

81 Cf- Bunker Jour. Soc. Chem. Ind., 1939, 58.93. 

“Cud* Centralbl. f Bakt., Abt. II, Ong., 1940, 102 486. 

» Starke) Science, 1945, 102 532. 
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lamb, lamb to Iamb, and Iamb to mouse by the bites of mosquitoes of the E retina- 
podites chrysogaster group. The period taken for the mosquitoes to become infectious 
when kept at 30° C. was 19-20 days. 

Experimentally the disease can be transmitted to susceptible animals, including 
mice, monkeys and ferrets, but not guinea-pigs or rabbits, by cutaneous, sub- 
cutaneous, or intranasal inoculation. Mice are peculiarly susceptible, most of the 
animals dying in 36-96 hours after inoculation (Findlay 1932). By continued 
passage through the mouse’s brain a neurotropic variant of the virus was developed 
(Mackenzie et al. 1936). 

The virus is widely distributed in the body, and can pass through the placenta 
to the foetal organs. Its probable size is 23-35 m/j (Broom and Findlay 1933). 
In blood it is destroyed by exposure to a temperature of 56° C. for 40 minutes, 
but it survives contact with 0 5 per cent, phenol at 4° C. for 6 months. In blood 
serum kept in the refrigerator it remains alive for at least 2 years ; such stability 
is probably unique (Smithburn et al. 1949b). It can be cultivated in a minced 
chick embryo medium (Mackenzie 1933). An attack of the disease confers a high 
degree of immunity in sheep, and the serum of convalescent animals and human 
beings contains strong neutralizing and complement-fixing antibodies Mice can 
bo successfully immunized by a virus treated with formol or inactivated photo- 
dynamically with methylene blue (Mackenzie 1935). 

YELLOW FEVER 

Little was known about the retiology of this once-dreaded disease till the studies 
of the American and the French Commissions were undertaken in the early years 
of this century. 

The American -workers, Reed, Carroll, AgTamonte and Lazear (1906-01), at 
the beginning of the century, first showed that the blood of patients was infective 
during the first 3 days of the fever ; that the infecting agent was able to pa 33 
through a Berkefeld filter ; that the virus was destroyed in the blood by heating 
to 55° C. for 10 minutes ; that infection was not spread by contagion ; that mos- 
quitoes, Aedes cegypli (also called Aedes argenteus, and Stegomyia fasciala) fed on 
patients during the first 3 days of the fever, became, after an interval °f °h°n 
12 dayB, capable of transmitting the disease to normal persons ; and that by t e 
suppression of these insects, yellow fever could be brought under control. 

Marchoux, Salimbeni and Simond (1903), likewise working with human vo un^ 
teers, largely confirmed these results. They found, moreover, that the scrum o 
patients during the first 3 days of the fever, but not later, proved infective 
persons when injected subcutaneously in a dose of 0-1-1 *0 ml. ; that de nn ® 
blood kept at 24°-30° C. under a vaseline seal remained infective for 5, bu no 
8 days ; that the injection of blood kept for 8 days under these con 
apparently able to produce some degree of immunity in human beings , 
the serum of convalescent patients appeared to be endowed with both prop J 
and therapeutic properties. . . an {{. 

The natural outcome of these findings was to undertake an m cnsi ^ 
mosquito campaign. The result of this so far exceeded expectation a 
fever was apparently wiped out of Central and South America. or ® 
was believed that the only serious remaining focus of infection was in . fpJ 

Further work, however, carried out to a considerable extent uncler i 
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of feme hydroxide but only 0 209 gm. of organic cell material, and points out 
that it is difficult to establish with certainty the reactions whereby the bac- 
teria precipitate the hydroxide Some of the iron bactena are also capable of 
oxidizing manganese salts and precipitate manganese hydrates m their cells. 

Other iron bacteria, however, can lne without iron and are able to utilize 
either ferrous carbonate or soluble iron salts of organic compounds Still others 
use organic iron compounds but not inorganic iron salts Harder 24 divides the 
iron bacteria into three physiological groups. 

Cl) Those, such as Sptrophyllum ferruginetim, that precipitate feme hydroxide from 
solutions of ferrous carbonate and use the carbon dioxide liberated and the energy produced 
during the oxidation for their life processes Cobligate autotrophes), 

(2) Those, such as Leptothr tx ocdiracca, that do not require ferrous carbonate but that 
cause the deposition of feme hydroxide when either inorganic or organic iron salts are 
present (facultative autotrophes), and 

(3) Those, probably including a number of the lower or ordinary water and soil bac 
tena, that attack organic iron salts, using the organic acid radical as food and precipitating 
feme hydroxide or basic feme salts, which are gradually changed to feme hydroxide 
(heterotrophes). 

The best known of the iron bactena are the Spirophyllum and Leptothnx 
species indicated above and Crenothrix polyspora. These organisms sometimes 
grow in the conduits of certain public water supplies, where they form un- 
pleasant-looking, brownish, flocculent masses, often leading to complete stop- 
page of the pipes. The frequent appearance of detached portions of the growth 
in tap water may give rise to consternation among the water consumers, as in 
the famous "water calamities'' in Berlin, Lille, Rotterdam and other places. 
There is no evidence that such organisms are directly harmful. 

There seems little doubt that iron-depositing bacteria have played an im- 
portant part in the formation of iron ore deposits, but the relative share of 
chemical and biological processes in an individual case can be determined only 
by a thorough study of conditions at the time of deposition, especially as 
regards sedimentation, climate, depth of water, nature of material in solution 
and other factors. 24 

The Oxidation of Hydrogen. The bacterial oxidation of hydrogen has 
already been indicated in the case of the oxidation of hydrogen sulfide to 
elementary sulfur. Other organisms, gi\en the generic name Hydrogcn- 
omonas, arc, however, facultative autotrophes which depend upon the oxida- 
tion of hydrogen as a source of energy when grown under autotrophic condi- 
tions. The hydrogenase is not formed in organic media, but the bacteria grown 
in inorganic solutions respire with both hydrogen and organic compounds as 
substrates, suggesting that the hydrogen-oxidizing catalytic system is independ- 
ent of the normal respiratory process- 2 ’’ 

The first of these organisms was described in 1906 by Kascrcr and named 
Jhrirogcnotmmns pantotropha . Other species were described later, such as 
IhdrogeiiomomJS tifren and llydro^evomonas (lava. The oxidation of livdro- 
gen: 

II* + Ho, ♦HO 

IbrJcr: U S. Geological Survey, Professional Paper 113. Wavlnncton. 1919 See the 
review bv Dorf! - Pfian/enforvchunR. 1934, Heft |fi 

41 Kluyver and Mantrn Antonie tan Leeuwenhoek Jour. Microbiol Scrol, 1942, S 71, 
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the disease for the rest of their lives. It was shown that the bite of a single 
mosquito was sufficient to produce a fatal infection in a monkey. The virus in tie 
circulating blood of monkeys was able to pass through Berkefeld V and N, but 
not through W, candles. 

After subcutaneous inoculation of a monkey with infective material, there is an incu- 
bation period of 3 to 4 days, followed by a riso in temperature of about 3° F. ; this tem- 
perature persists for 36 to 48 hours, and then falls suddenly to subnormal; collapse 
occurs, and the monkey dies about 6 to 6 days after inoculation. Post mortem, jaundice 
is usually present in somo part of the body, especially the laryngeal mucosa and the 
subcutaneous fat ; small heemorrhages are frequently found, particularly in the lungs 
and alimentary canal, and in the wall of the stomach ; dark coffee-ground material is 
often Been in the stomach and small intestino ; the most constant feature, however, is 
the pale, mottled liver, which microscopically shows fatty degeneration and mid-zonal 
necrosis. The liver, when fresh, is highly infective for monkeys — in a dose of about 
0 000,02 gm. When frozen, the liver remains virulent for about a fortnight; when 
dried and frozen, it remains virulent for about 3 months (Hindlo 1929). This forms a 
very useful method of preserving the virus. The blood of infected monkeys contains 
enormous quantities of virus, proving infective sometimes in 1/60-1/100 million. 

White mice are also susceptible to infection (bco Theilcr 1930, Dinger 1931). The 
intracerebral inoculation of these animals with 0 05 ml. of infective blood from a rhesus 
monkey gives rise, after an incubation period of 6 or 6 days, to an illness characterized 
by ruffling of the coat, inactivity, photophobia, paresis of the hind legs, tonic and clonic 
contractions of the whole body, and finally coma and death in 6-9 days. Post mortem 
there is an acute encephalitis, often with dilatation of tho skin vessels, swelling of the 
lymph glands, haemorrhages into the stomach, erosion of the gastric mucosa, fatty 
degeneration of the liver, and enlargement of the suprarenals. Infection can be carried 
on indefinitely by cerebral passage. According to Findlay and Clarke (1935a), an 
encephalitis may be Bet up in both monkeys and mice by the intranasal instillation o 
a neurotropic strain of virus (see also Findlay and Stern 1935). Guinea-pigs can be 
infected intracerebrally, provided a neurotropic strain is used (Dinger et al. 1930, Mathis 
1934, Lloyd and Mahaffy 1935). 

Properties of Virus.— Yellow fever is caused by a filtrablc virus. Its reported 
diameter by the gradocol membrane technique is 17-28 m//. (Findlay and Broom 
1933), and by the ultra-centrifuge technique 12-19 m/t (Pickcls and Bauer 1910) o. 
29-31 m (Poison 1954). Its successful cultivation in mouse embryo tissue 
reported by Lloyd, Theilcr and Ricci (1936). Jadin (1937) grew it on the c orio 
allantoic membrane of liens’ eggs; and Elmendorf and Smith (1937) simpi ^ 
tlus procedure by direct inoculation of the virus into the chick embryo. 1( ^ 
grown for several generations in tissue cultures, its virulence becomes mot i e , 
no longer gives rise to a fatal disease when injected into monkeys subcutaneous h 
but it remains capable of killing mice inoculated intracerebrally (see ei er 
Smith 1937) Other changes can be produced by animal passage (sec a " . 
et al 1930, Findlay and Clarke 19356, Findlay and MacCallum 19386) iso 
genic differences have been recognized among strains of different origin.^ 
virus contains a soluble antigenic material, which may be demonstra e as 
cinitmogen in the serum of monkeys during the height of the illness ( ug _ e r 
Survival of the virus in infected blood has already been referred 8 °. s3 ji n e 

et al 1929) It is killed by heat at 55° C in 5 minutes, and rapi 7 ‘ q gon)C 
suspensions. In tissue, however, that is frozen solid, it remains a Jt 

weeks, and in tissue that is frozen and dried it retains its viability or 
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yields relatively large amounts of energy (34.2 Cal. per gram as contrasted with 
4. 1 Cal. per gram of starch) and, although it cannot be accurately measured, 
the free energy efficiency of these organisms appears to be somewhat higher 
than that of the other autotrophes, i.e., 10 to 20 per cent. 

It has been suggested that all the hydrogen is not burnt directly by these 
organisms but that a part of it is converted to formaldehyde, which may in turn 
be either oxidized or used for synthesis. 


HjCOj + 2 H* ► HCHO 4- 2 H*0 

HCHO + 0, » HjCOj 


Although most of the hydrogen bacteria are obligate aerobes, some are able 
to grow anaerobically in the presence of nitrate. 

As in the case of the oxidation of iron, the oxidation of hydrogen is not con- 
fined to a few species of strict autotrophes, and it has been found that a wide 
variety of well known heterotrophic bacteria oxidize hydrogen in their respira- 
tory process, as pointed out earlier. 

The Oxidation of Carbon Monoxide. The bacterial oxidation of carbon 
monoxide, comparable in many respects to the oxidation of hydrogen, was 
reported by Beijerinck and van Delden. 2G These workers isolated an organism 
which they named Bacillus oligocarbophihts, an obligate autotrophe which 
grew' in the absence of organic carbon compounds and obtained its nitrogen 
from ammonia, nitrite or nitrate. It was later shown that this organism derived 
its energy through the oxidation of carbon monoxide to carbon dioxide. 27 


CO + MO t — * CO* 

HETEROTROPHIC BACTERIA 

It is seldom if ever possible to draw sharp lines of demarcation in biology, 
and the separation of bacteria into autotrophic and heterotrophic forms being 
no exception, it must necessarily be to some degree dogmatic. It has already 
been pointed out that some of the sulfur, iron and hydrogen bacteria are facul- 
tative autotrophes, i.e., that they may live by oxidation of either inorganic or 
organic compounds. Such forms may well be regarded as connecting links be- 
tween the two physiological types. A somewhat different kind of interconnec- 
tion is the sharing, between obligate autotrophes and obligate heterotrophes, 
of common metabolic mechanisms, such as the utilization of gaseous hy Irogen, 
the assimilation of carbon dioxide and the phosphorylation of carbohydrates. 
Clearly, then, the distinction between the two physiological types is not a 
sharp one even though the concepts autotrophe and heterotrophe remain ex 
tremely useful 


CARBOHYDRATE METABOLISM 

Carbohydrate is the chief energy source for almost all heterotrophic bacteria. 
The functional equivalence of both aerobic and anaerobic metabolism o 
28 Beijennck and van Delden: Centralbl. f. Bakt., 1903, Abt. II, 2 ‘33. _ 

27 Distilled water standing in the laboratory for long periods may acquire immuno 
properties presumably owing to the growth of bacteria. Organisms able to de\ elop on 
monia and carbon monoxide absorbed from the laboratory air may, in some cases, acco 
for such growth on distilled water, a medium which might be supposed to be entire y a 
mg in nutriment. 
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passage through the mouse’s brain, together with human serum. An attenuated 
mouse passage virus, without scrum, was recommended by Sellards and Laigret 
(1932, 1936) ; but though it has been used extensively on African natives, it has 
been generally regarded as too dangerous for human use. The vaccine developed 
by Peltier (1917), which is prepared by drying mouse brains infected with a neuro- 
tropic strain of yellow fever virus, is open to the same criticism ; large numbers 
of cases of encephalitis followed its use in Eastern Nigeria, many of them fatal. 

Much the most satisfactory vaccine so far produced is one made with the variant 
strain, 17D. This was developed by American workers by growth of the virus 
in tissue culture containing first mouse embryonic tissue, then whole chick embryo, 
and finally chick embryo from which the brain and cord had been removed. This 
strain was found to be greatly attenuated, failing to kill monkeys inoculated either 
subcutaneously or intracercbrally, and producing fatal encephalitis in mice after 
an average incubation period of 8 instead of 6 days ; it still, however, retained its 
antigenic potency. Large quantities of vaccine could be prepared by inoculation 
of the variant strain into the developing chick embryo, incubating the eggs for 
3-4 days, grinding up the embryo, suspending it in human serum, and clearing, 
freezing and drying the resulting mixture. For use the dried virus was rehydrated. 
The dosage for man was calculated according to the number of mice dying after 
intracerebral inoculation (Theiler and Smith 1937, Smith el al. 1938, Bugher and 
Smith 1914). This vaccine has been widely used, with excellent results. In the 
early days occasional batches gave rise to jaundice, coming on as a rule 6 weeks 
to 4 months after inoculation (see Fox ct al. 19126). During the 2nd world war 
no fewer than 28,585 cases of jaundice occurred in the U.S. Army between January 
and July, 1912, out of about 2i million troops inoculated ; 62 of these cases proved 
fatal (Report 1912a, b). There is little doubt that the jaundice was due, not to 
the yellow' fever virus, hut to the human scrum used in the preparation of t be 
vaccine (see p 2207). Hargett, Burruss and Donovan (1913) later prepared a 
similar vaccine from which the serum was omitted. No jaundice has so far followed 
the use of this “ aqueous base ” vaccine ; though Fox and his colleagues (1912a) 
recorded a number of encephalitic reactions among those inoculated, which they 
attributed to variation in the 17D strain itself. Kept in the ice-chest the desiccate 
17D cluck embryo vaccine remains active for at least a year. J udged by the per- 
sistence of neutralizing antibodies in the serum, immunity following vaccination 
lasts for at least 5 years (Anderson and Gast-Galvis 1947). The danger a 
vaccinated persons may serve to mfcct mosquitoes seems to be negligible, par y 
because the concentration of virus in the blood is very low, and partly jg cause 
mosquitoes artificially infected with modified viruses of this type are ana e o 
transmit the disease to susceptible animals (Roubaud et al. 1937, Smith et a . > 

Whitman 1939) For an account of the {etiology, epidemiology and 
of yellow fever, the reader is referred to articles by Sellards (1941), Russc 
and Gordon (1941) and to the authoritative monograph by Strode and his co ca 0 
(1951). 


Denoue Fever 

Dengue fever is a disease of warm climates, and is peculiar to man , 
during the summer months, often in severe epidemic form, attacking a >g 5 ^ ^ 

tion of the exposed population, and it is followed by a compara i' e 7 8 
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carbohydrate was first recognized by Pasteur, and it is now evident that, al- 
though bacteria form many substances from carbohydrate, the breakdown of 
carbohydrate proceeds in general along well defined pathways, and variations 
among species arc not so great as was once thought. The chief modes of carbo- 
hydrate breakdown are summarized in the accompanying diagram. 


CARBOHYDRATE BREAKDOWN IN BACTERIA 
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Breakdown of Oligo^acclinridctt anti Polysaccharides. Some Pseudo- 
monas species can rapidly oxidize lactose and maltose to the corresponding 
nldobiomc acids, but most bacteria split compound sugars to their com- 
ponent monosaccharides before they arc further metabolized. Oligosaccharides 
and pol> saccharides may he hydrolyzed by the addition of a molecule of water 
to each glycostdic linkage. The hydrolysis of a compound sugar is an irrevers- 
ible reaction and proceeds with the liberation of energy, hut the energy yield is 
\crv small m comparison with that made available through oxidation of the 
sumponent monosaccharides. Bacteria contain enzymes which arc capable of 
Indrolyzing a wide variety of polysaccharides and oligosaccharides. 

Celluloses* Although cellulose is the most widely distributed polysaccharide 
m nature, the ability to bring about its decomposition is possessed by only a 
Jew organisms. The enzyme ccllulasc is found in a few higher organisms, some 
snails and a few marine forms, but even the herbivorous animals arc dependent 
upon the presence of cellulose-decomposing microorganisms in the intestine for 
*' SiodaU and Lnclvv?»*l: Jour. Biol. Chetn., 1947, 17/ 213. 

** S« rrnrts by Walsnwn Hot. Rrv., 1940. 6 647 
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antigenic types of virus, and tJmt immunity is restricted to the homologous tvnc 
(Sabin 1932, Meiklejohn cl al. 1952). ° 

In the diagnosis of dengue the severe lcucopema, with a proportional increase 
in the immature granulocytes, is of help. According to Hotta (1952) a skin reaction 
can be elicited from the 2nd day onwards by the intradermal injection of an antigen 
prepared from infected mouse brain. (For a general account of the disease, and 
of the investigations carried out during the 2nd world war, see Simmons 1911, 
Lumlcy 1913, Yaoi and Arakawa 1948, and Sabin 1952.) In control of the disease’ 
the usual measures against mosquitoes should he employed. 


Sandfly Fever 
Synonym : Phlcbotomus Fever. 

This disease occurs in tropical and sub-tropical countries. It is characterized by 
an incubation period of 1-6 days, and a. fever lasting at least 3 days, accompanied 
by severe headache, pains in the back, bones, joints, and muscles, and followed 
by considerable prostration, lb is rarely fatal. Second, and even third, attacks 
do occur, but arc not very common. The causative agent appears to be a filtrable 
virus. There is, however, some discrepancy of opinion on its properties. For 
instance, Shortt and his colleagues (1938) find that it is about 160 rap in diameter, 
and that it can be grown in a tissue culture medium containing minced chick 
embryo, human serum and chick plasma, and on the chorio-allantoic membrane 
of the developing chick embryo (Shortt, Rao and Swaminath 1936). Sabin, 
Philip and Paul (1944), on the other hand, maintain that it is only 20-40 mp in 
diameter and that it cannot bo cultivated by the chorio-allantoic membrane 
technique. Again, according to Shortt and his colleagues (1910), the virus can 
be demonstrated in the patient’s blood for a week in most cases, and occasionally 
for as long as 6 weeks. The time during which the serum is infective is given 
by the American observers as 3 days, namely for 1 day before to 2 days after the 
onset of the fever. Sera kept in the icc-chest remain virulent for months. As 
present in human blood, the virus, when inoculated into rhesus monkeys, gives 
rise to a mild fever ; but the cultivated virus produces only a symptomlcss infection 
(Shortt et al. 1940) The incubation period after intracutaneous injection into 
human beings is said to be 2| to 6 days (Sabin and Paul 1944)- Neutralising 
antibodies appear early in the serum of convalescent patients and of inoculate 
monkeys ; they can be demonstrated by monkey protection tests, or by inhibition 
of the growth of the virus in culture. Immunity is said to persist for at leas 
4 months. Infection is spread by the sandfly Phlebotomus papatasii (see Whitting 
ham 1924), though possibly other species may act as vectors. The flies do no 
become infective for 7-10 days after biting a patient with the fever. .Diagnosis 
is often difficult. The absence of catarrhal symptoms is of help in distingius 
the disease from influenza, and the absence of rigors from malaria. Skin tas ^ 
do not occur (Walker and Dods 1941) The disease may closely simulate pop 
cytic choriomeningitis, but the cell count in the cerebrospinal fluid is not incteas 
(Pearson 1941). In the blood there is a leucopenia. Prophylaxis consists 1081 
in abolishing sandfly breeding grounds, spraying with D.D.T., and in sleeping 
a close-mesh net Dimethyl phthalate and a pyrethrum vanishing cream 
to afford considerable protection against sandfly bites (Sabin and Pau 
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the preliminary decomposition of this polysaccharide . 30 The breakdown of cel- 
lulose and other polysaccharides in nature is an essential part of the decomposi- 
tion of plant residues and the consequent returning to the atmosphere of 
carbon dioxide removed through the photosynthetic activities of chlorophyll- 
containing plants. Relatively few species of bacteria are able to decompose 
cellulose, but those that do are widely distributed in the soil and the mud of 
sea bottoms as well as in the intestines of herbivorous animals. 

A number of bacteria, both aerobic and anaerobic forms, have been iso- 
lated which decompose cellulose actively in pure culture. Perhaps the best 
known aerobic organism is a spiral form, Spirochaeta cytophaga, which occurs 
m soil in considerable numbers. A large number of other bacteria which bring 
about the aerobic decomposition of cellulose have been studied, but the 
identity of many of them is doubtful. The breakdown of cellulose by anaerobic 
bacteria is ordinarily accompanied by further decomposition of the glucose so 
formed to hydrogen and methane in some cases and to organic acids and 
carbon dioxide in others. Some species have been described, such as Bacillus 
ceUtdosae dissalvcns, which was isolated from human feces, but in general 
these organisms are not well known. Equally obscure are the thermophiles 
which have been isolated from actively fermenting manure heaps. The decom- 
position of cellulose in nature is largely, if not entirely, a process brought about 
by mixed cultures of bacteria 

The hydrolysis of cellulose takes place in two stages: first, a breakdown to 
the disaccharide ccllobiose; and second, the hydrolysis of cellobiose to glucose. 
These reactions are brought about by two separate enzymes, cellulase and cello- 
biase respectively, and the decomposition, to cellobiose at least, takes place out- 
side the bacterial cell 

HevticeUuloses and Pectins. In addition to cellulose proper, plant tissue con- 
tains other polysaccharide material designated as hcmicellulose and pectin. Ort 
hydrohsis, both yield pentoses, hexoses and uronic adds. Although hermcel- 
luloses are decomposed in nature, largely under the influence of bacteria 
present m the soil, the chemistry of these compounds is largely unknown and, 
in consequence, little is known of the processes of their decomposition. ^ 

The decomposition of pectin, through the agency of the enzyme pectinase, 
is brought about by a comparatively small number of species of anaerobic bac- 
teria. The process itself is of considerable commercial importance since these 
organisms are responsible for the retting of flax and hemp and for the rotting 
of certain fruits and vegetables. Retting is accomplished by submerging Hax 
and hemp in water and allowing the plant tissue to remain until the dissolu- 
tion of pectin allows the separation of the fibers . 32 The organisms responsible 
for the decomposition of pectin are closely related to the group of anaerobic 
soil forms, the amvlobacter group, which includes the butrvric acid organisms 
and others. A number of other bacteria, including Lactobacillus, Aerobaciiius, 
Micrococcus and Enterococcus, decompose pectins . 33 The nature of the process 

30 Hastings Bact. Rev,, 1944, 8.235. 

31 See Waksman Humus. Wiilianis and Wilkins Company, Baltimore. 1936. 

33 Fuller and Norman. Iona Art Expt. Sta. Res. Bull., 1946, 3 43. ■ 893, t bid., 1 • 

344-925. 

33 Werch et at.- Jour. Inf. Dss , 1942, 70:231. 
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convalescent serum is said to be of some value (sec Report 195k, Beard 1952 
Andrew 1953). {Sec also Report 19535, Powell 1951.) 


Distemper 

Distemper is an acute infectious disease of young carnivorous animals. It is 
very common in puppies, and lias given rise to great trouble in foxes reared for 
the fur industry. In the dog the disease is characterized by an incubation period 
of 3-6 days, an initial coryza, fever of a peculiar type, severe gastro-intestinal 
disturbance, and catarrhal inflammation of the respiratory tract often passing 
on to pneumonia. Encephalitis is a less common complication. The disease 
normally lasts 2-4 weeks and has a low mortality ; but complicated cases, which 
probably constitute 40 or 60 per cent, of all cases, may last for several weeks and 
arc accompanied by a case-fatality rate running up to 80 per cent. The disease 
is said to be characterized by acute amentia and hypoglycemia (Wharton and 
Wharton 1934). 


The nature of the encephalomyelitis that is sometimes observed has given rise to a great 
deal of discussion. Ferdmu and Pugh ( 1 930) regarded it as being caused by a virus different 
from the distemper virus, mainly because of the dcmychnntion that is present. Verlindc 
(1939), however, recognized two types of encephalitis, one caused by the distemper virus 
itself, and another by a neurotropic vims that w as able to produce encephalitis in the absence 
of distemper In England, Macintyrc, Trcvan and Montgomerie (1948) likewise recog- 
nized two types of encephalitis caused by a fdtrablc agent infective for the ferret, namely 
the distemper virus and the vims of hard pad disease. 

In hard pad disease the foot pads of the dog become hard and often very thick, usually 
within a week of the onset of illness. Convulsions and other signs of encephalitis develop. 
Post-mortem examination reveals dcmychnntion of the cerebellar peduncles, glial pro- 
liferation, and weakly acidophilic intranuclear inclusion bodies. A suspension of infective 
material from hard pad disease injected into tho ferret gives rise to a disease resembling 
distemper, and into the dog merely to a febrile reaction lasting 10-14 days. According o 
Macintyrc and his colleagues animals that have recovered from hard pad disease are no 
immune to distemper, nor does distemper antiserum protect against hard pad disease. 

These conclusions are somew hat at variance w ith the findings of Australian and American 
workers (Hurst ct at 1943, Koprowski ct al . 1950), both of whom isolated what appearc^ 
to bo the true distemper virus from dogs suffering from encephalitis. Demjeina i o 
lesions were found in the cerebellum, and acidophilic, mainly intranuclear, inclusion o ie 
in the glial cells. Injected into puppies, the vims produced a nervous type of is 
but in ferrets vaccinated against distemper it produced no disease at all. Mansi { ^ 

who isolated a strain of vims from a dog suffering from encephalitis in Glasgow, ou 
to bo immunologically identical with the true canine distemper virus and t e ar 
virus of Macintyrc, Trcvan and Montgomerie. He w ould regard it as a distemper ^ 
endowed with ncurotropic affinities. Though it is too early to reach any e j u ^j u | )lt 
elusion, it seems probable that the distemper vims has variants, some of w c i ^ 
a special predilection for the central nervous system. Of these, the hard pa vi 
be one. 

Distemper occurs naturally in tho ferret, and is characterized by an ^ 

period of about 10 days, an initial coryza, and the formation of vesicles an P ’ jj on 
around the mouth ; just as in dogs, encephalitis may develop in a sma p jP 
of cases. Distemper in the ferret is a very fatal disease, causing a tU( jj e d 
about 90 per cent. (Dunkin and Laidlaw 1926) The disease has e fifcch 
to a limited extent in the cat (Hindle and Findlay 1933, Dalhng b 
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of decomposition is obscure, though the sugars resulting from hydrolysis are 
further decomposed to the usual products of sugar oxidation. Few if any of the 
pectin-decomposing bacteria are able to hydrolyze cellulose also. The combina- 
tion of the two properties in a single organism would, of course, result in the 
decomposition of the flax fibers freed by hydrolysis of the pectin. 

Starch. Unlike cellulose, starch may be hydrolyzed by a wide variety of liv- 
ing organisms, and the extracellular enzyme diastase, or amylase, is possessed 
by many bacteria. Like cellulose, however, starch is hydrolyzed in two stages, 
first to the disaccharide maltose, and second by a further hydrolysis to glu- 
cose. The ability of a given organism to hydrolyze starch has acquired an 
importance equal to sugar fermentations as a differential character in the 
study of some bacteria. 

Miscellaneous Polysaccharides. A wide variety of gums and mucilaginous 
substances, polymers designated as pentosans, levans, galactans, and the like 
according to the nature of the products of their hydrolysis, may be decomposed 
by bacteria. Polysaccharides of bacterial origin, such as pneumococcus poly- 
saccharide, may be decomposed by other bacteria (p 394), and bacteria ha\e 
been found which hydrolyze agar, a polysaccharide resistant to the action of 
the great majority of bacteria. 31 

Polymeric Degradation. Leibowitz and Hestrin 35 have described a mode of 
compound sugar degradation which is of wide occurrence in bacteria. For 
example, B. subtihs decomposes sucrose with the liberation of free glucose and 
the formation of levan, a fructose polysaccharide. This method of sugar break- 
down has been termed polymeric degradation and involves the synthesis of a 
new glycosidic bond at the expense of a previously existing one. The reaction 
appears to be reversible and may be responsible for the breakdown or syn- 
thesis (vide infra') of sucrose and polysaccharides. 

Phosphorylysts. Polysaccharides and oligosaccharides may also be split, not 
by the addition of water but by the addition of phosphoric acid instead. Such 
a cleavage is called phosphoryljsis and is catalyzed by a group of enzymes called 
phosphorylases The sucrose phosphorylasc of Ps. saccharopluha catalyzes the 
reaction 36 . 

sucrose +■ HI’Oi ^ g1uco«e-l phosphate -f- fructose 

In contrast to hydrolysis, phosplioryl) sis of glycosidic bonds is reversible, and 
compound sugars may be synthesized by the rc\crsc reaction (vide infra). 

Anaerobic Breakdown of Glucose ami Ollier IIcxoscs. In most bac- 
teria the first step in the metabolism of the six-carbon sugars is their cleavage to 
two thrcc-carbon compounds. This process, referred to as cither fermentation 
or glycolysis, proceeds without the intervention of molecular oxygen, although 
it occurs in many organisms under both aerobic and anaerobic conditions. 
Strictly speaking, the term fermentation is best used to describe all the metab- 
olic transformations of carbohydrate which occur without direct reaction with 
molecular oxygen, and the term glycolysis is best limited to the breakdown of 

11 Stanicr. Jour. Bart.. 1941. 42 527. 

13 Tor references to original papers, see Barker and IXnnJoroff. Ann Ue\. Biuchem., 
1946. 15 497. 

See the mien by DoudorofF: Fed. I’roc., 1945, 4 241. 



SWINE FEVER 


given up (Dalling 19326). If, however, a fully virulent dried ferret virus is inocu- 
lated, followed 1-2 hours later by a dose of immune serum, a satisfactory immunity 
results. This method is extensively used in practice in order to save the veterinarian 
two visits. For treatment of the disease immune dog serum may be used. It 
is said to be of considerable value if given within 7 days of the onset of symptoms 
(Wright 1932). It is also useful for prophylaxis. 

Infectious Feline Agranulocytosis. Feline Enteritis. 

Feline Pneumonia 

A widespread highly contagious disease of cats occurs in the United States to 
which the name feline enteritis is often given, but for which the term infectious feline 
agranulocytosis is preferred by American workers. It was studied by Hammon 
and Enders (1939) and by Syverton and Lawrence and their colleagues (Syverton 
et al. 1943, Lawrence et al. 1943). Though the accounts of these observers differ 
to some extent, there is little doubt that they were dealing with the same disease. 
Kittens and young cats Beem to be mainly affected. The incubation period is 
4 — 7 days. The symptomatology is irregular, but listlessness, prostration, anorexia, 
vomiting, and diarrhoea are often present. The temperature is raised, and nasal 
and ocular discharges are common. The most characteristic feature, however, is 
the occurrence of a profound leucopenia, amounting sometimes to almost complete 
absence of white cells from the circulating blood. Death usually occurs in 2-4 days. 
The case fatality is given as 50 per cent. At post-mortem there is little macro- 
scopic evidence of disease ; but microscopically there is severe aplasia of the cellular 
elements of the bone marrow, and conspicuous intranuclear inclusion bodies are 
found in the epithelial cells of the intestinal mucosa and the reticular cells of the 
spleen and lymph nodes. Infection is spread by contact with infective discharges. 
A virus, capable of passing through a Bcrkefeld W filter, and therefore probably 
not greater than 35 m/x in diameter, can be demonstrated by animal inoculation 
in the blood, organs, nasal secretion, feces, and sometimes urine of infected animals. 
The disease can be reproduced experimentally by inoculation of non-immunc 
animals by the oral, intranasal, subcutaneous, and intravenous routes. Attempts 
to cultivate the virus have so far failed. The virus is specific for cat3, and is 
apparently distinct from the feline distemper virus, but further observations arc 
required. Recovery from the disease is accompanied by the appearance of speci c 
neutralizing and protective antibodies. 

According to Jennings (1947, 1949) feline enteritis is not the same as feline 
agranulocytosis. Jennings recognizes a third disease — feline pneumonia. Enteritis 
is said to affect young animals m particular: pneumonia affects cats at a ages 
Whether each of these three diseases is caused by a distinct virus is, however, 
doubtful, and further work is required to clear up the present confusion. 


. Swine Fever 

Synonyms : Hog Cholera. Schweinepest (German). Peste du pore (French). 

Swine fever or hog cholera is an infectious disease, peculiar to pipS cai j ^ 
by a filtrable virus. It is widespread throughout the world ; a specia l ’™ 
the disease was described by Montgomery (1921) in East Africa. 'f * 
is primarily a septicaemia, but in a large proportion of cases in es ma 
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cifically. Utter and Werkman 40 and Still 41 have shown the occurrence of almost all the 
reactions of the Meyerhof-Embden-Parnas-CoriAVaiburg scheme in the fermentations of 
the coliform bacteria. 

While most bacteria convert glucose to pyruvic acid by the same mechanism, 
they show great diversity in the manner in which they dispose of pyruvic acid 
once it is formed, thus giving rise to the different types of bacterial fermenta- 
tions. Under anaerobic conditions, pyruvic acid or one of its derivatives is 
reduced by accepting electrons, usually from 3-phosphoglyceraldehyde, in a 
coupled oxidation-reduction reaction. 

Lactic Acid Fermentation. The simplest type of fermentation is the lactic acid 
fermentation in which pyruvic acid itself is the electron acceptor. 

pyruvic add + DPN-H* t ^ 

lactic dehydrogenase 
rf-lactic acid -f- DPN 

The overall equation for the lactic acid fermentation is: 

CiHuO* * 2 CiH#Oj 

glucose lactic acid 

Bacteria of the genera Lactobacillus and Streptococcus form large amounts of 
lactic acid from glucose, and some species have an almost pure lactic acid 
fermentation In addition, lactic acid is one of the products of glucose fermen- 
tation in many other bacteria. 

Alcoholic Fermentation. In alcoholic fermentation, pyruvic acid is de- 
carboxylated to acetaldehyde by pyruvic carboxylase On yeast, a Mg-dipbos- 
phothiamine-protein) 

pyruvic acid — — * acetaldehyde + COi 

The acetaldehyde then functions as the electron acceptor in the oxidation-re- 
duction reaction of glycolysis and is reduced to ethanol. 

acetaldehyde + DPN-H* * — ~ " 

alcohol dehydrogenase 
ethanol + DPN 

The overall equation for alcoholic fermentation is: 

C,H 12 0, > 2 C,H*OH + 2 CO* 

glucose ethanol 

Some Sarcina species carry out an almost pure alcoholic fermentation, and 
many other bacteria produce small amounts of ethanol from glucose. 

Propionic Acid Fermentation. The propionic acid bacteria, which are 'eo 
closely related to Lactobacillus, reduce pyruvic acid all the way to propionic 
acid. They also decarboxylate pyruvic acid to acetaldehyde and C0 2 . 

H* H* 

CHiCHO + CO* — CHjCOCOOH ^ CHjCHOHCOOH ^ CXIiCHiCOOH 

acetaldehyde Pyruvic acid tactic acid propionic acid 

40 Utter and Werkman: Jour. Bact., 1941, 42.665; Biochem. Jour., 1942, 36*485. 

4 ‘ Still: Biochem. Jour., 1940, 34:1177, 1374. 
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inactivated with crystal violet. The vaccine, which was developed by JIcBryde 
and Cole (1936), consists essentially m the use of defibrinated blood taken from 
infected animals, and inactivated with crystal violet in a final concentration of 
1/2,000 ; ethylene glycol is added to keep down bacterial contamination (Doyle 
and Wright 1917). A single dose of 5-10 ml. is given subcutaneously according 
to the weight of the animal, or a smaller dose by the intradermal route. Immunity 
develops within a fortnight of injection and remains for at least a year. The 
vaccine can be used only on healthy herds that are not in contact with infection. 
In the United States of America a living lapinized or rabbit-adapted vaccine is pre- 
ferred. Animals that have been exposed to infection may be passively protected 
by the injection of antiserum taken from convalescent animals. Simultaneous 
immunization with antiserum and virulent blood is sometimes undertaken to 
produce an active immunity under cover of a passive. 

Baby pigs may suffer from a very contagious form of infectious gastro-ententis caused 
apparently by a virus different from that of swine fever. According to Bay, Hutchings, 


present in the gastric and intestinal mucosa, and the kidneys show degeneration The 
incubation period of the disease is 1—1 days. Infection can be transmitted experimentally 
to new -born pigs by feeding or injection with minimal quantities of ground-up t'ssues. 
Even a 1/1,000,000 dilution of a Berkcfcld N filtrate may prove infective by the mouth. 
In filtrates the causative agent is inactivated by heating to 50° C. for 1 hour, and by ex- 
posure to 0 5 per cent, phenol for 30 minutes at 37° C. 

Rinderpest or Cattle Plague 

Rinderpest is an acute infectious disease of cattle, characterized by an incubation 
period of 3-9 days, acute fever lasting 4-7 days, inflammation of the buccal and 
gastric mucosa often attended by necrosis and ulceration, a persistent leucopenia, 
and a case-fatality rate ranging from 15 to 75 per cent The disease is prc\alent 
in southern Europe, Asia, and Africa where it constitutes a major economic problem. 
It has been imported from tune to time into Great Britain, but has always been 
successfully eradicated by the slaughter policy The existence of chronic carr1 ^ 3 ’ 
with diphtheritic ulcers in the abomasum, was recorded by Gibbs (1933) c 
disease also attacks buffaloes (Schein 1917). , . 

Inoculation of normal animals with tissue fluids from an infected amma 
reproduces the disease. At the height of the attack the blood proves virulen w 
a dose of 1/1,000 to 1/25,000 ml. (Schein 1917) There is evidence that the virus 
is contained chiefly within the leucocytes. Thus in blood that is allowed to c o 
naturally the serum is avirulent ; in defibrinated blood that is centrifuged « 
deposit alone is virulent ; in blood laked with distilled water and centrifuge » ^ 
deposit, which consists mainly of leucocytes, alone is virulent (Kolle, see hjj® 
and Adil-Bey 1902; Schein 1917, Daubney 1928). Nicollo and Adil-Eoy (1WW 
brought forward evidence to show that the virus, when present in diluted ^ 
fluids or suspensions, may pass through a Berkefeld N or a Chamberland j 3f \- [0C ’ 
the results however are inconstant— possibly because of the intracellular oca ^ 
of the virus. Complement-fixing bodies are present irregularly in the sprung 
convalescent animals. For laboratory diagnosis reliance is better place on 
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THE MECHANISMS OF ANTlJlACTEJtlAL IMMUNITY 

Attempts have been mado to determine whether, independently of aggregation, anti- 
body can retard either the metabolism or the reproduction of bacteria, in a manner similar 
to the action of the “ ablastin ” antibody described by Taliaferro for Trypanosoma kwisi 
(see Taliaferro 1948). In the absence of complement, which of course may be bacteri- 
cidal for bacteria sensitized with antibody, antibody docs not decrease oxygen consump- 
tion by salmonellac (Sevag and Miller 1948, Harris 1948, Follis el al. 1952); with young 
cultures of C/ir. prodigiosum and Sh. jlexiteri, indeed. Follis and his colleagues recorded 
a stimulation of oxygen uptake by specific antibody. 

The Availability of Antibody in the Tissues ol the Host. 

The concentration of antibody in the blood is one of the simplest indications 
of a state of immunity, and it is possible to determine by experiment the relation 
between a given blood concentration and a specifically immune state of the animal. 
This immunity, however, depends on antibacterial qualities not only of the blood, 
but also on that of the tissues, the intercellular fluids, lymph, and so forth. More- 
over, in most natural processes of infection, the defences come into play in the 
order— tissues, lymphatic system, blood stream, and finally reticulo-endothelial 
system. Given, then, an animal whose blood contains an adequate concentration 
of antibody specific for the antigens associated with the virulence of a parasite, 
we must consider whether the concentration of antibody in other tissues is sufficient 
for an effective antibacterial response at any of the stages of invasion we have 
listed. Serum antibodies, whether they result from active or passive immuniza- 
tion, are sooner or later distributed throughout the tissues. They are present 
in tissue fluids and lymph, but only in very low concentrations in cerebrospinal 
fluid (see Sohier and Jaulmcs 1939). 

Thus Pagano (1894), Falloiso (1903) and BatciJi (3904) found tbat the concentration of 
hacmolysin was lower in tbo thoracic lymph than in tho blood serum. Hughes and Carlson 
(1908), working with normal dogs, horses and cats, found that the concentration of hjemo* 
lysin for rabbit corpuscles formed a descending senes, in tho order — serum, thoracic lymph, 
neck lymph, pericardial fluid, aqueous humour. Becht and Greer (1910) studied the 
distribution of normal and immune antibodies in dogs, and in addition the rate of transference 
of antibodies from the circulating blood to the tissue fluids after passive immunization by the 
intravenous route. Their findings with regard to the distribution of normal and immune 
antibodies were in accord with those of Hughes and Carlson. In the actively immunized 
animals they observed a marked rise in the antibody titre of the serum, thoracic lymph 
and neck lymph, the relative concentrations in the different fluids maintaining the same 
order as in the normal animals. After passive immunization, the characteristic distribu- 
tion of antibodies was established within hours These findings were confirmed in all 
essentials by Hektoen and Carlson (1910). 

The thoracic duct, however, receives contributions from all the lymphatic channels 
of the body, including those from the liver, whose lymph ordinarily contains a high pro- 
portion of protein, so that the antibody content of thoracic duct lymph may reflect only 
the permeability of the live r capillaries to antibody. Thus Freund and Whitney (1929) 
injected agglutinins intravenously into rabbits and found that antibodies accumulated 
rapidly in liver lymph, slowly in lymph from the leg. Similarly, Beclit and Luckhardt 
(1916) found that cerncal lymph had a lower concentration than thoracic duct lymph of 
intravenously injected antibody. In rabbits actix r ely immunized with diphtheria toxoi , 
Takahashi (1936) found 0 07 unit of antitoxin per ml. of blood, and 0-29 unit per nil. 
of popliteal lymph. Nevertheless, with the exception of locally formed antibo y (see 
Chapter 50) the concentration of antibody in tissue fluids and lymph, ike t jat o o ler 
serum proteins, tends to he comparatively low. Thus in rabbits active y immunize 
with the virus of equine encephalomyelitis, the ratio of antibody tltres in blood an rain 



94 


Bacterial Physiology 
THE BUTYL ALCOHOL FERMENTATION 
0 

II, H,1‘0, [• 

CHjCHOIICOOH = CH, COCOOII ^ CHiCOM’OjH, + H, + CO, 
lactic acid pyruvic acid acetyl phosphate 


H* Ht 

CO, + CHjCOCHi*— CII sCOCHjCOOH^CHjCOOH +CH,COOH^CII,CHO^CH,CH.OH 
acetone acctoacftiC acid acetic acid acetal - ethanol 

dehyde 


jr iis 


ir 2 ii, 


CHiCIIOHCIIi Cl I, Cl I,CH,COOII 
isopropyl alcohol butyric acid 

jr 2 n. 


CH,CH,CH : CH,OII 

butyl alcohol 

In both of the two complex fermentations described in the preceding 
paragraphs, pyruvic acid is split to acetic acid, IL, and C0 2 by addition of a 
molecule of water. This reaction is known as the hydroclastic reaction: 


CH, COCOOII + 11,0 ► CHjCOOH + H, + CO, 

Pyruvic acid acetic acid 

However, recent investigations have revealed that the hydroclastic reaction is 
actually a reversible phosphorvclastic reaction in which acetylphosphate, which 
contains a high energy phosphate bond, is formed. In Bad. coli, the reaction 
proceeds in two steps: 


0 O 

II II 

CHiCOCOOH + HjPOi^i CHjC — 0~P — OH + IICOOH 

I 

pyruvic acid Oil formic acid 

acety l phosphate 


hydrogenylase 

HCOOH — II, + CO, 

In Cl. butyheum, formic acid is not an intermediate in the formation of 
I-I 2 and COo. 


O O 

H I' 

CH.COCOOH + H,PO< ^ CH,C — 0~ P — Oil + H, + CO, 
j 

OH 

pyruitc acid acetylphosphate 

Fermentation of Other Sugars, Organic Acids and Alcohols The fermenta 
tion of sugars other than hexoses, organic acids and alcohols results in t ie 
formation of acids and, sometimes, gases; but, for the most part, the mec an 
isms involved in these decompositions are unknown. Certain fragmentary o 



2226 


MALIGNANT CATARRH OF CATTLE 


quantities of blood taken from infected animals. Blood, when diluted with saline, 
and filtered through a Berkefeld or Chamberland candle, still proves infective. By 
cross-immunity tests in horses and by intracerebral protection tests m mice numer- 
ous antigenically different strains of vuus can be distinguished (Alexander 1935) 
The diameter of the virus appears to be about 50 m/t. Prophylactic inoculation 
may be accomplished by Theiler's method, which consists in the injection of large 
quantities of immune serum intravenously, together with small quantities of virulent 
blood subcutaneously, followed by a second serum injection after the appearance 
of the febrile reaction. More recently, a specially developed neurotropic virus has 
been used. 


Infectious Anemia of Horses 
Synonym : Swamp Fever. 

This disease, which is not to be confused with the swamp fever of human beings 
caused by Leptospira grippotyphosa (see Chapter 82), has a wide geographical 
distribution, occurring in various parts of Europe, the United States, Canada, 
Japan, and South Africa. It is most prevalent in low-lying badly drained districts, 
and reaches its maximum incidence during the summer months. The disease 
was shown by Vallee and Carre (1904) to be due to a filtrable virus, which is con- 
stantly present in the blood stream. By the gradocol membrane technique its 
size appears to lie between 18 and 50 m/* (Balozet 1939), and by clectronmicro- 
graphy between 11 and 59 m/t with an average of 30 m/t (Reagan et at 1950) 
Transmission probably occurs by biting flics — Stomoxys calcitrans. The disease can 
be reproduced experimentally by biting insects, but not by contact or feeding ; 
not all workers, however, have been successful with insect transmission (Lemetayer 
1949) Equine animals are alone susceptible to the natural disease. Laboratory 
animals appear to be refractory to experimental inoculation, though it is said 
that the virus can be established in rabbits by intravenous injection of citrated 
blood (Reagan et al. 1950) The disease may be acute or chronic. The acute form 
is characterized by fever, extreme weakness, and conjunctival haemorrhages, the 
chronic form by general unthriftiness with extreme emaciation. Anaemia does no 
appear to be a prominent sign. Death may occur in acute cases. Horses may 
remain earners for years. There is, as yet, no specific diagnostic test or therapeutic 
treatment for the disease (for references see Stein 1935). 

Malignant Catarrh of Cattle 
Synonym: Snotsiekte. 

This disease occurs in various parts of the world, and is characterized by f® ve ^» 
catarrh of the oral, nasopharyngeal, and conjunctival membranes, general en arg 
ment of the lymphatic glands, and often symptoms suggesting involvemen ° 
brain or cord. The mortality is subject to considerable variation. Fost-nwr 
examination of fatal cases often reveals petechial haemorrhages in the s oma '* 
mottling of the liver and kidneys, congestion and petechise in the respira 
mucosa, cedema of the lungs, enlargement of the lymphatic glands, an eome ^ ^ 
plate-like extravasations of blood on the surface of the brain. The is 
apparently caused by a virus, which can be transferred to rabbits and ac fe 
to cattle (see Daubney and Hudson 1936). 
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susceptible animals are brought together. Sheep are more prone to the disease 
than goats, and— curiously enough— native sheep are more susceptible than pure- 
bred animals. The disease is characterized by an incubation period of about 
2 days, a sudden riso of temperature to 105-108° F., a fall to normal in 2 days 
followed by obvious illness, diarrhoea with sometimes blood and mucus in the 
stools, and — in fatal cases— death within 2-4 days of the onset of obvious symp- 
toms. At post-mortem there is an acute haemorrhagic gastro-entcritis, the spleen 
is enlarged, the gall-bladder is distended with bile, and the trachea is congested 
and may contain blood-stained mucus. The case fatality in native sheep is about 
70 per cent The blood is infective during the fever and for a day after its 
fall. The infcctivity is retained after passage through a Chambcrland F candle. 
Though the urine may also contain the virus, infection does not appear to spread 
by contact, but is transmitted by the bite of the “ brown ” tick, Rhipicepkalus 
appendiculatus. Ticks can be infected in the nymphal as well as the adult stage, 
and there is some evidence to suggest that hereditary transmission of the infection 
may occur. Immunity to the disease persists for, at any rate, some months. 
No method of artificial immunization has yet proved satisfactory. The “ brown ” 
tick is also responsible for carrying East Coast fever in cattle. Dipping cattle 
at a 3-day interval will help to clear the ground of ticks, and so diminish the risk 
to sheep of infection with the virus of the Nairobi disease. 


Epizootic Abortion op Mares 


In addition to infection with Saint, abortus-equi or with streptococci, a form 
of epizootic abortion of mares has been described that appears to be caused by 
a virus. The disease is very contagious. Abortion occurs, after profuse sweating 
but no other clinical symptoms, at the 9th to 11th month. There is a slight 
vaginal discharge of short duration, with rapid and complete recovery of the 
mare. Dimock and Edwards (1936) observed several outbreaks in the United 
States. No bacterial cause could be found. In many of the aborted feetuses 
there was a clear yellow or reddish-yellow exudate in the pleural cavity, numerous 
small white foci of degeneration in the liver just beneath the capsule, congestion 
of the mesenteric and colonic lymph nodes, and petechial and lineal hremorr ages 
in the heart. Pregnant marcs, fed on fluids and tissues from infected feetuses, 
either before or after Seitz filtration, aborted in 18 to 34 days. an 

Edwards obtained doubtful results in their attempted transmission of the lsease 
to guinea-pigs, but Miessner and Harms (1937) in Germany were apparent y more 
successful. By subcutaneous and intraperitoneal inoculation of filtered ma eria 
from the liver, spleen, kidneys, and stomach contents of aborted foetuses, ^ 
reproduced the disease in pregnant guinea-pigs, and carried on infection rou ° 

4 passages. The virus was grown in foetal cat lung (Randall el at J )• 


Fowl Plaque or Fowl Pest 

This is an acute infectious disease of fowls, and exceptionally of geese, 
studied by Landsteiner (1906) and Russ (1906). It doe s not appear to spre jr 
contact, and the natural mode of infection is unknown. The 1 ” cu a \° ^ 
is 3-5 days ; the symptoms consist of depression and dullness, ar 'enm D ^ 
comb and wattles, and inflammation of the buccal mucosa. J. ■ j. 

2-4 days, and is very frequently fatal (Hutyra and Marek 192 )- 
mental disease may be produced in chickens by the inoculation 
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THE BUTYL ALCOHOL FERMENTATION 
O 

H, H,P0 4 Jl 

CII.CHOIICOOH ^ CHjCOCOOH ^ CH,CO~POjIL + H, + CO, 
lactic acid pyruvic acid acetyl phosphate 


H, H, 

CO, + CHjCOCHj— CH jCOCH I COOH^CH,COOH +CH J COOH^CH 3 CHO^CH 3 CH i OH 

acetic acid acetal- ethanol 
drhyde 


acetone 

jr h, 


acctoacetic acid 

jr 2H, 


CHjCHOHCIIj CHjCHjCHiCOOH 
isopropyl alcohol butyric acid 

J1 2 II: 

CHjCHjCH-CHiOH 
butyl alcohol 


In both of the two complex fermentations described in the preceding 
paragraphs, pyruvic acid is split to acetic acid, Ho, and C0 2 by addition of a 
molecule of water This reaction is known as the hydroclastic reaction: 


CHjCOCOOH + H,0 ► CHjCOOH + H, + CO, 

Pyruvic acid acetic acid 

However, recent investigations have revealed that the hydroclastic reaction is 
actually a reversible phosphoryclastic reaction in which acetylphosphate, which 
contains a high energy phosphate bond, is formed. In Bad. coli, the reaction 
proceeds m two steps. 

O 0 

11 l[ 

CHjCOCOOH + H,P0 4 ^ CHjC— 0~P— OH + HCOOH 

pyruvic acid OH formic acid 

acetylphosphate 


hydrogcnylase 

HCOOH — II, + CO, 

In Cl. butyUcum, formic acid is not an intermediate in the formation of 
I-U and C0 2 . 


O O 

CHjCOCOOH + HjPOj^ CH,C— O— P— OH + II, + CO, 

I 

OH 

pvrmtcacid acetylphosphate 

Fermentation of Other Sugars, Organic Acids and Alcohols. The fermenja 
non of sugars other than hexoses, organic adds and alcohols results m the 
formation of acids and, sometimes, gases; but, for the most part, the median 
isms involved in these decompositions arc unknown. Certain fragmentary o 
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Elcctronmicrography shows it to be irregularly globular in shape in the allantoc 
fluid and sperm-like in saline (Cunha et al 1947, Bang 1918). The virus can be 
readily cultivated on the ehorio-allantoic membrane of the developing chick embryo 
It kills the embryo in 21-72 hours ; post mortem , haemorrhagic encephalitis and 
hiemorrliagic lesions, particularly in the developing feather follicles, arc striking 
features (Burnet 1912). Inoculated by the allantoic route, it multiplies abundantly, 
and the allantoic fluid gives the Hirst agglutination reaction with chicken red blood 
corpuscles. After intrannsal inoculation into mice, it produces consolidation of the 
lungs. In these and some other ways the Newcastle virus closely resembles the 
influenza virus of man. It is not, however, pathogenic for ferrets, nor does it 
appear to be nntigcnically related to the virus of influenza (Burnet 1942), though 
it behaves like it in many respects. It is found in the body fluids, organs, and 
excretions of affected birds. Cro^s-immunization tests show that the fowl plague 
and Newcastle viruses are distinct. The disease appears to have been introduced 
into Great Britain from time to time by infected carcasses from Centra! Europe. 

The degree of inactivity of the Newcastle disease virus for man is in question. A 
few undoubted laboratory infections have occurred, usually characterized by conjunctivitis 
with mild constitutional symptoms. Nelson and his colleagues (1952) described an out- 
break of conjunctivitis among workers engaged in eviscerating and canning poultry; 
the virus was isolated from the conjunctiva of 4 out of 10 patients examined. Howitt, 
Bishop, and Kisslmg (1948) ascribed to this virus n fairly widespread infection resembling 
influenza or non -paralytic poliomyelitis that occurred year after year in Alabama and 
Tennessee. The virus itself was not isolated, but neutralizing antibodies were found in 
the serum of the patients. Evans (1954) found that the scrum of some patients con- 
valescent from mumps or from glandular fever neutralized the New castle virus, though 
Newcastle antiserum did not neutralize the mumps vims. On infected farms some workers 
who had suffered from conjunctivitis contained neutralizing antibodies to tho Newcastle 
virus in their scrum to a significant titre. 

Diagnosis of the disease m fowls is best made by inoculating the spleen into 
fertile eggs and testing the allantoic 
is inhibited by specific antiserum '■ 

antibodies may be demonstrated in the scrum of convalescent fowls, in controlling 
the disease the slaughter policy’ is recommended where practicable. Some ® ucc f s j* 
has been obtained with the use of formolized vaccines, vaccines prepare wi 
crystal violet, and vaccines containing living attenuated virus but no en ire ) 
satisfactory vaccine is yet available (sec Doyle and Wright 1950). 

Infectious Laryngo-traciieitis of Fowls 

This disease has so far been reported mainly from North America and Austra ^ 
though cases have occurred in Great Britain (Asplin 1948). It appears ° 
been first recognized and studied in the United States by May and Titts ^ J 
Beach (1931), and others. Hyperacute, acute, chronic and asympton 1 ^ ic 
are recognized clinically (Scddon and Hart 1935). Affected birds suffer ro ^ 
culty in respiration The head is elevated, the neck extended, and air is ^ r ^ 
through the half-opened beak with a loud wheezing sound During expira 
head is lowered, and violent fits of coughing may occur, accompame > ^ 
expulsion of masses of clotted blood and mucus. Fowds of all ages a 50-90 

The incubation period is 7-12 days The morbidity in an infected er ^ 
per cent. The case fatality vanes in different outbreaks from 0" 1 
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serrations are available, such as those of Kay, 4 ’ who showed that when man- 
nitol, glucose, glucuronic acid, glycuronic acid and saccharic acid are fer- 
mented by Bad. colt, the yields of the more oxidized products (acetic and suc- 
cinic acids) rise and those of the reduced products (ethanol) fall as one 
proceeds from the reduced substrate mannitol to the more highly oxidized sac- 
charic acid. The fermentation of glycerol by this same organism has been 
found 46 to yield much the same end products as the fermentation of glucose. 
Similarly, the fermentation of the four-carbon acids, malic, tartaric and fumaric 
acids, by Bad. aerogenes gives rise to the same products as the glucose fermenta- 
tion 47 ; the fermentation apparently proceeds via oxalacetic acid, which is de- 
carboxylated to pyruvic acid (p 85) 

Energy Yields from Anaerobic Breakdovm of Pyruvic Acid Bacterial fer- 
mentation of pyruvic acid always results in the liberation of cncTgy, but the 
diverse nature of the products of fermentation makes exact calculation of the 
energy changes very difficult. Linder proper conditions (see p. 115), many 
hetcrotrophic bacteria, such as Bact. coli, may grow anaerobically with only 
pyruvic acid, lactic acid or glycerol as the source of energy The formation of 
acetylphosphate and the transfer of its high energy phosphate bond to the 
adenine nucleotides is of frequent occurrence in the bacterial fermentations 
and represents one possible mechanism of energy conservation and transfer. 

Aerobic Breakdown of Carbohydrate. Comparatively little attention 
has been paid to the aerobic metabolism of carbohydrate in bacteria, and the 
details of these processes are not well understood Certain bacteria arc able to 
oxidize such diverse compounds as methane, benzene, phenol, cholesterol, 
etc., 44 but the substrates for most aerobic bacterial oxidations are the hexoses 
and their anaerobic fermentation products. 

Hexoses may be oxidized without preliminary fermentation Some bacteria 
which are unable to ferment glucose can oxidize glucose or glucose-6-phosphatc 
with molecular oxygen 4 ’’ The acetic acid bacteria arc noted for the variety 
of direct oxidation products which they form These bacteria can oxidize glu- 
cose to gluconic acid, 5 hctogluconic acid, and 2 kctogluconic acid. 

Direct Oxidation of Pyruvic Acul Enzymes which catalyze the oxidation of 
pyruvic acid to acetic acid and CO.. are formed by many bacteria. Like the 
enz>mes which dccarboxylatc pyruvic acid to aceialdelndc and CO* or con- 
sort it to acetylmcthslcarbmol and COj, the p\ru\ic oxidases arc diplios- 
phoihumme-protein complexes 
Cl 

/ 

Cl I, 

X C-CII, O O 

I! !' I' '! 'i 

H ‘ \^J C \ / r C “ C,, ^’Ih0I , -0-f-OH 

x XII, Oil oh 

difhpiphrthiomiite 
Kax . Biochcm. Jour., 1926, 20 231. 

•* Bulk: l) ; «„ Delft. 1923 

,r Birkcr: Kon, Akid -W’cun Amsterdam. 1936, 39 1. 

“ C(. ihctcucw bv Zubcll Baa. Rev., 1946, JO J. 

*’ Barron and Friedemann Jour. Biol. Client.. 1941, 137 593. 





BLUE COMB OF CHICKENS 


egg passage, but a satisfactory vaccine is still awaited. The common method of 
protection is to infect the chicks with virulent material before egg production 
begins (Beaudette 1949). 


Blue Comb of Chickens 
Synonyms : Pullet disease, X Disease. 

This disease has been observed in the north Atlantic and north central areas 
of the United States and on the Pacific coast. It affects pullets mainly 5-7 months 
of age, though chicks only 4 weeks old may be attacked. Turkeys may also suffer. 
The incidence is highest in the summer months. The morbidity and mortality in 
a flock are very variable. According to Junghcrr and Levine (1941), who described 
the disease, the morbidity varies from 0 1 to 100 per cent, with a mean of about 
20 per cent , and the case fatality from 0-2 to 53 per cent, with a mean of about 
5 per cent The disease is characterized by a fall in egg production and food con- 
sumption, darkening of the comb, droopiness, cyanosis, dehydration, diarrhoea or 
constipation, and occasionally pyrexia. Pathologically, the chief lesions are focal 
necrosis of the liver, serous petcchise, enlargement of the pancreatic islands, patchy 
muscular degeneration, and nephrotic changes in the renal glomeruli and tubules. 
Jungherr and Levine regarded the disease as an endogenous toxaemia, but Waller 
(1942, 1944) brought evidence in favour of a virus origin. From the blood and 
liver of acutely affected birds he isolated a filtrable agent that grew readily on the 
chorio-allantoic membrane of the developing chick embryo. Susceptible chickens 
inoculated with infected membrane become depressed and cyanotic in 3-4 days. 
They do not die but, if killed after 4-5 days, they show subcutaneous oedema, 
generalized jaundice, haemorrhages into the skeletal muscles, petechial hremor* 
rhages in other organs, congestion and swelling of the liver and kidneys, and acute 
catarrhal hcemorrhagic duodenitis Faeces of experimentally infected birds arc 
infective to other birds by the mouth. Intraperitoncal inoculation of susceptible 
chickens with a bacteria-frce filtrate of infected faeces likewise reproduces the 
disease. The virus passes through a Chamberland L3 and a Seitz filter Its 
relationship to the disease must await further inquiry. There is evidence that a 
vaccine prepared from the dried chorio-allantoic membrane of infected chick embryos 
may afford some protection (Waller 1944). 


Miscellaneous Diseases of Fowls and Other Birds 

Eveleth, Bolin and Goldiby (son Bolin el al. 1949) described a disease of poults and 
baby clucks in North Dakota attended by a high mortality during the first 3 " cc s .° n 
life. The outstanding lesion was necrosis of the abdominal wall around the naie . ® 1 

and his colleagues (1949) isolated a virus from poults dead of the disease an earne^ 
by serial tranfer through chick embryos. The disease was reproduced in chicks } (C ' ° 
and by sw abbmg the navel with the amniotic fluid of dead embryos. The virus is m 
pathogenic for turkeys than for chicks. , on 

Levine and Fabricant (1950) described a highly fatal disease of young uc 1 
Long Island in 1948 The principal findings at necropsy were an enlarge* if^untoic 
liver and swollen injected kidneys. A virus was isolated by inoculation in o m ‘ gp (n 
cavity of 9-day-old chick embryos. It differed from the virus of Newcas c ^ 
jts failure to agglutinate fowl red blood corpuscles, to kill embryos comas en rc pro. 
48 hours, or to be neutralized by Newcastle antiserum. Virus from infec c eg 
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The exact function of diphosphoth/amine, or cocarboxylase, in the metabolism 
of pyruvic acid is not known, and the reversible oxidation-reduction of this 
coenzyme has not been demonstrated. 

In Bad. coli* 0 and the gonococcus, 51 pyruvic acid is oxidized in a reaction 
jn which diphosphothiamine, but not inorganic phosphate, is required, and 
electron transport involves the Havoproteins and the cytochrome system. In 
Proteus x’uJgarts r ‘ 2 the oxidation of pyruvic acid also proceeds without uptake 
of phosphate, but the pyruvic oxidase of this bacterium is a Mg-diphospho- 
thiamine protein which apparently reacts directly with oxygen. In these types 
of pyruvic acid oxidation, the equation for the reaction is: 

CHsCOCOOH + \ Oj * CHjCOOH + CO, 

pyrutic add acetic acid 

Lipmann'"' 3 has described a third type of pyruvic acid oxidation in Lactobacillus 
delbruccku in which the oxidation is coupled with the uptake of inorganic 
phosphate and acetylphosphate is formed. 


O 

CHjCOCOOH + Ha TO* + 0, * CHsCO~POaH, + CO* + HA 

Pyruvic acid acetylphosphate 

The pyruvic oxidase of L. delbrucckh is a Mg-diphosphothiamine protein, and 
oxygen uptake is due to the presence of an autooxidizable protein (p. 71). 

Anaerobic breakdown products of pyruvic acid are also oxidized by molecu- 
lar oxygen Ethanol is oxidized to acetic acid by the bacteria responsible for 
the vinegar “fermentation”; the propionic acid bacteria oxidize acetaldcyde 
to acetic acid, and acetic acid itself may be oxidized to C0_. and H»0. 

Oxidation of the Four-Carbon Dicarboxylic Acids. Many bacteria rapidlj 
oxidize the four-carbon dicarboxylic acids. Anaerobically, the reverse reactions 
occur, and oxalacetic acid may be reduced to succinic acid. 

jO, H,0 

succinic acid * fumaric acid ' 

succinic luma rase 

dehydrogenase 

40* . .. 

malic acid — — - — - — — — * oxalacetic acid 
malic 

dehydrogenase 

Szent-Gyorgyi and Krebs have shown that the oxidation of carbohydrates in 
higher animals is catalyzed by the four-carbon dicarboxylic acids, and sutr 
catalysis also occurs in bjctena. For example, in the oxidation of glucose ) 
Micrococcus Irsodeiktictts, small amounts of fumaric acid cause an increase 

90 Still, Biochem. Jour., 1941, 35:380. 

51 Barron and Ljman: Jour Biol. Chem., 1939, 127:143. 

Stumpf Jour. Biol. Chcm 194 5. 159 529. - 44g 

r ' 3 Lipmann Cold Spring Harbor Symposium on Quantitative Biology. 1 Sy, • 
Jour. Biol. Chcm., 1944, 155-55. 
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oxygen uptake five times greater than the amount of oxygen required for the 
complete oxidation of the added fumaric acid to C0 2 and FLO. 54 

The Szeitt-Gyorgyi Cycle."’ According to Szent-Gyorgyi such catalysis 
occurs because fumaric and oxalacetic acids act as hydrogen acceptors in the 
oxidation of glucose and are reduced to succinic acid which is reoxidized by 
molecular oxygen. This series of reactions is referred to as the Szent-Gyorgyi 
cycle. Many bacteria aerobically oxidize succinic acid faster than glucose itself, 
and the rate of anaerobic glucose oxidation in the presence of excess fumaric 
acid may be as great as the rate of aerobic glucose oxidation. Thus, it is pos- 
sible for the Szent-Gyorgyi cycle to function in the respiration of some bacteria, 
but its actual occurrence has not been observed. 

The Krebs Cycle/*'* A considerable portion of the carbohydrate metabolized 
by most aerobic organisms is oxidized completely to C0 2 and H 2 0, usually 
by way of pyruvic acid as an intermediate. In a wide variety of organisms, the 
complete oxidation of pyruvic acid is brought about, not by a single reaction, 
but by a cyclic series of reactions, the tricarboxylic acid cycle of Krebs. In this 
scheme, pyruvic acid condenses with oxalacetic acid to form a six-carbon tri- 
carboxylic acid which is oxidized and decarboxylatcd in a series of reactions 
ending in the regeneration of oxalacetic acid. The net reaction of the cycle is: 

C,H«0, + 210, ► 3 CO, + 2 11,0 

Pyrintc acid 

The tricarboxylic acid cycle has been demonstrated in mammalian and avian 
tissues and m protozoa. It probably also functions in plants and fungi. W hile 
almost all of the reactions of the tricarboxylic acid cycle occur in bacteria, it 
has not been shown that the cycle functions in the oxidation of pyruvic acid 
by bacteria. The chief difficulty in demonstrating the Krebs cycle in bacteria 
lies in the inability of most bacteria, Boot, coli for example, to oxidize citric, 
isocitric or c/s-aconitic acid. Those bacteria which can oxidize the tricarboxylic 
acids (Bnct. aerogenes, etc.) apparently form only succinic acid, acetic acid and 
C0 2 , not a-ketoglutaric acid as required by the tricarboxylic acid cycle. How- 
ever, Werkman r ’ 4 believes that some sort of a tricarboxylic acid cycle may be 
operative in bacteria. . , 

Energy Yield from Aerobic Oxidation of Carbohydrates. The yield of use u 
energy from complete aerobic oxidation of glucose to C0 2 and H 2 0 is muc 
greater than the yield from anaerobic conversion of glucose to lactic aci , 
ethanol, etc. 

glucose > 2 lactic acid 54 kg. ca! /mole energy liberated 

2 lactic acid + 6 0, * 

6 CO, -f 6 H,0 632 kg cal./mole energy liberated 

In the tissues of higher animals, glucose and other carbohydrates are oxidized 

54 Werkman m A Symposium on Respirctory Enzymes. University of Wisconsin Press, 
Madison. 1942. p 258. j e 

’■ ’ For c\aluation of the role of the Szent Gyorgvi cycle and the tricarboxylic aci 
in bacterial metabolism, see Krebs Advances in Enzymology, 1943, 3 191, and re ere 
54. 
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CHAPTER 89 


FILTRABLE VIRUS DISEASES-ttmfiW 

E. GROUP CHARACTERIZED BY TUMOUR FORMATION 

The group of virus diseases characterized by tumour formation is of particular 
interest in affording a possible clue to the genesis of neoplasms. In this chapter 
we must confine ourselves to factual description ; but those who are interested 
in the wider aspects of the subject would do well to refer to the far-reaching specu- 
lations of Andrcwes (19396, 1950), of Rous (1913), and of Gye (1949) It should 
be pointed out that there is no sharp line of demarcation between viruses producing 
tumours and other viruses. Some viruses cause proliferation of the cells they 
attack, others necrosis and destruction. Some, such as that of rabbit fibroma, 
have variants, one causing proliferation, the other necrosis and inflammation 
(Andrewes 1951). Nevertheless there are groups of viruses having strong tendencies 
to cause proliferation, and with these we shall deal here. 

Fowl Leucaemia 

This is an infectious disease of the blood-forming organs, associated with atrophy 
of the bone marrow and changes in the viscera. The disease may be transmits 
to normal fowls, but not to other birds, by intravenous inoculation with the citra e 
blood of infected fowls. According to Ellermann (1921), the virus can pass throug 
a Berkefeld candle. By clectromnicrography it appears to be about 120 m ft m 
diameter (Sharp el al. 1952). Ellermann found that one strain of virus gave rise o 
three different types of leucaemia: (1) a myeloid type; (2) a lymphatic ,/P c ' 
(3) an intravascular lymphoid type, characterized by intravascular deposi 9^ 
lymphoid cells An increase of virulence was noted during its passage ® ° 
fowls, shown by a shortening of the interval between inoculation and eat i. _ * ^ 
15 to 20 weeks at the commencement, to 6 to 8 weeks at the end of t e sene^ 
experiments. In spite, however, of the increased rate of killing, the infecting po ^ 
of the virus, as judged by the proportion of successful inoculations, ren ^ uce 
approximately constant at 20-10 per cent. Ellermann was unable o P^^ 
active immunity to the disease by subcutaneous inoculation of viru ^ ra i 0 f 
Furth (1932) found that infection could be transmitted by 00 , ^ 

cell-free plasma, and that the virus could withstand drying for a eas g 

He also (1933) described a new transmissible strain of chicken leucosis ^ Qmatos ; g 
rise to (1) lymphomatosis with or without tumour formation, (2) mye ocy 
with or without leucscmia, (£f) endothelioma. The histology of the disea 
fully illustarted in the monograph by Andersen and Bang (1923;. 
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100 

(2) Ci-Ci addition 

in a. acidittriii 

2C (h + 4 Acceptar-H. 2 CH,COOH + 4 Acceptor + 2 HjO 

(3) C1-C1 addition 

a. in Cl btilylicnm 

CIIjCOPOjHs + H : + CO,^ CIIjCOCOOH + H.P0 4 

b. in Bad. colt 

H> + CO,^ HCOOH 

HCOOH + CIIjCOIUHj^ CHiCQCOOH + H»l*Q» 

( 4 ) C1-C1 addition 


in Propionibaclertum ptnlovaceum 

COOH 

COOH 

0=0 + CO/ 

^ c=o 

1 

CHi 

I 

CH* 


COOII 


Of these modes of addition, the carboxylation of pyruvic acid to oxalacetic 
acid, the Wood-Werkman reaction, is the most widely distributed. An addi- 
tional primary fixation reaction, the addition of C0 2 to a-fcetoglutaric acid to 
form oxalosuccinic acid, occurs in animal tissues but has not yet been found 
in bacteria.' 1 * Rcductivefixation of C0 2 (fixation reactions 1 and 2) is accom- 
panied by the oxidation of a hydrogen donor, which may be any of several 
simple organic compounds, such as etlianol. In non-reductive fixation (fixation 
reactions 3 and 4) the C0 2 appears in the carboxyl group of an organic acid 
without being reduced. After C0 2 has been incorporated into an organic com- 
pound by one of the primary fixation reactions, further metabolic reactions may 
lead to the distribution of the fixed C0 2 among many different substances. 
Thus, Wood and Werhman found that the C0 2 fixed in oxalacetic acid y 
the propionic acid bacteria also appeared in the other four-carbon dicarboxyhc 
acids and in propionic acid. , 

The ability to fix CO s into organic linkage was once thought to be the ec 
elusive property of autotrophic organisms, but after demonstration or 
fixation in the heterotrophic propionic acid bacteria, the line between auto- 
trophes and heterotrophes was redrawn by assuming that only autotrop es ca 
join two molecules of C0 2 together in organic linkage. However, wren it " 
found that CL acidmrici can synthesize acetic acid from two raoh'CU 
COo , even this difference between the two metabolic types was destro) e ^ 
distinction between autotrophic and heterotrophic C0 2 fixation seems 0 ^ 
only quantitative: heterotrophes derive only a fraction of their car |* )n c0 
pounds from COo, while autotrophes obtain all of their compounds y 
simulation of C0 2 . , , , r w e 

Studies of the energetics of C0 2 assimilation have emphasized t e ^ 
similarity of autotrophic and heterotrophic mechanisms. Incorporation 0 
into an organic compound requires the expenditure of energy, in t & 
trophe, Thiobncillus thiooxidetits , C0 2 is fixed with energy gained trom ^ 
oxidation of sulfur to sulfate, and ATP takes part in the transfer oF energy 
the sulfur-oxidizing to the C0 2 -fixing system (p. 81). In a com P 
ss Ochoa- Jour. Biot. Chem , 1948, 174 133. 
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KC1, and a fragment of chick embryo have been added. He believed that the 
tumour-forming activity of this virus is dependent on tho presence of another, 
non-living factor, which determines the typo of cell which is infected, and hence 
the type of tumour which is produced. This second, auxiliary agent he called the 
“ specific factor.” The evidence in favour of tho dual nature of the active agent 
in tumour filtrates consists in the differential action of aerobic incubation and of 
various chemical agents. In nn extensive series of experiments Gye found that 

(a) primary " cultures ” incubated aerobically at 37° C. for 3 dayB were inactive; 

(b) filtrates, obtained by passing the ground-up tumour through a mixture of 
paper pulp and sand, when treated with chloroform, were inactive ; but that 

(c) tho inactivated “ cultures ” and tho chloroform-inactivated filtrates, when 
acting in combination, gave rise to typical tumours. He would regard the specific 
factor in the 41 cultures ” as being destroyed by aerobic incubation, and the virus 
in the tumour filtrate as being destroyed by the chloroform. He would also extend 
the conclusions based on those results to malignant neoplasms in general. Gye’s 
conclusions have never been satisfactorily confirmed, though they have stimulated 
considerable interest in the virus causation of cancer (sec also Gye and Mueller 
1929, Amies and Carr 1939). According to Epstein (1951) repeated freezing and 
thawing destroys the Rous sarcoma cells but not the virus itself. Similar experi- 
ments to study the effect of freezing, drying and thawing on tumours of different 
types with a view to separating a possible virus from the cells in which it is con- 
tained arc in progress (see Craigie 19 19). The observations of Duran-Rcynals (1942) 
that the Rous virus, when adapted to ducklings, produces a tumour with a different 
histological pattern, have likewise aroused interest by indicating the existence o 
a plasticity in the virus that would not otherwise have been suspected. 

Besides the Rous sarcoma, other filtrablo tumours of fowls arc known. Mclntos 
(1933) and McIntosh and Selbic (1939) reported that tumours induced by tar may 
be transmitted to normal birds by cell-free filtrates ; and Selbic and Mein os 
(1939) found tlmt the filtrability of fowl tumours may be increased by such pro- 
cedures as proteolytic digestion or freezing and thawing, which presuma y ac 
by liberation of virus from the cells in which it is growing. The demonstra ion y 
Ledingham and Gye (1935) of what appear to be elementary bodies mi 1 
filtrates, and the immunological Btudies of Andrewes (1931, 1932, 1 > 1 

1939a), suggest more and more strongly that viruses, not differing in any iro P°* ^ 
respect from those known to give rise to ordinary infectious diseases, P *7.^ 
essential part in the causation of these tumours (see Andrewes 1934). ® P 

size of the Rous sarcoma virus was determined by Elford and Andrewes ( > ^ 

By the gradocol membrane technique it appears to be 75-150 rap m iame > 
by the centrifugation method 00-70 m p. 

MoLLUSCUM CONTAGIOSUM ^ gffl3 ]j 

This is a contagious skin disease of man characterized by the formation^ 
red masses, which later take on a warty appearance, undergo necrosis, an j 
caseous material. MacCallum (1892) described peculiar bodies m ma ^ Trtie 
from the disease, which he regarded as due to nucleolar extrusion. ^ ^5 p 
later described by Lipschiitz (1907) os very small rounded bodies, .£ eT!nS ,\ 
jn diameter, arranged singly or less often in pairs. They occur in . jhese 

cells, are intracytoplasmic, and stain a brilliant red with eosin or p generally 

molluscum bodies were at one time considered to be parasites, bu ar 
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INFECTIOUS MYXOMATOSIS OF RABBITS 


round or rod-shaped bodies (see also Lipschiitz 1927). The pathogenesis of the 
disease is described by Fenner and Woodroofe (1953). 

The virus is widely distributed throughout the tissues, though most abundant 
in the swollen tissues and lymph glands. It is killed by heat at 50° C. in 15 minutes. 
It is quickly inactivated by a pH of less than 4-6. It withstands the action of 
glycerol for a year in the ice-chest. It is highly species-specific, and appears to 
be almost uniformly fatal for the domestic rabbit (see Rivers 1930, Findlay 1933, 
Hyde and Gardner 1933, Ledingham 1937). Elementary body suspensions were 
prepared by Rivers and Ward (1937). They were shown to contain a soluble 
antigen, which could be demonstrated as a precipitinogen in the serum of infected 
animals. This antigen, which is a heat-labile protein, stimulates the production 
in rabbits of precipitins and agglutinins, but not of neutralizing antibodies (Hirers 
et al. 1939). By microscopical examination van Rooyen (19376) estimated the 
elementary bodies to be about 0-31-0-36 fj, in diameter, but other methods suggest 
a size of only 125-225 mjx (see Mueller 1941, Stanley 1943). Electronmicrographs 
reveal elementary bodies, mainly 100-400 vafi in diameter, within the stellate cells, 
though smaller particles about 30-45 m ft across may also be seen (Epstein et al 
1952). The virus can be cultivated on the chorio-allantoic membrane of the 
developing chick embryo (Lush 1937, Hoffstadt et al. 1941). There are reasons for 
regarding the virus as belonging to the pox group. Both vaccinia and myxoma 
viruses have the same brick-shaped appearance with dense pepsin-resistant central 
bodies, and both are of the same size (Farrant and Fenner 1953). 

Aragao (1942, 1943) first showed that the reservoir of myxomatosis in Brazil 
was the native rabbit, and that infection was transmitted by mosquitoes. The 
disease was introduced into Australia in 1950 in the hope of exterminating the 
enormous population of wild rabbits. After a long latent period it flared up an 
caused a most destructive epizootic. In the summer spread occurred mainly along 
rivers and on flooded lands where mosquitoes breed (Ratcliffe et al. 1952). Accor 
ing to Aragao (1942, 1943) the mosquito acts purely as a mechanical carrier. Alter 
insertion into infected epithelial cells, the proboscis may remain rnfec i'® o 
17 days or even longer (see Fenner and Woodroofe 1952). The disease was m ro 
duced into France in 1952 and rapidly spread over the whole country an on 
other parts of Europe including Great Britain. Transmission of infection ovr ^ 
distances and during the winter as well as the summer months indica e , 

mosquito alone was not responsible ; it is thought that birds (Ramon ' 
rabbit fleas ( SpiJopsyllus cimiculi) may have played a part (An e ^ e9 , . or 
Whether the disease will prove to be of lasting value for combating e r * ^ ve 
whether the rabbit will develop a resistance towards it as the Bom ay r 
done towards plague, the future alone will tell. . , » -, 3 

The relation of this virus to the virus of infectious fibromatosis o ra ^ 
be discussed below. A neurotropic strain of the myxoma virus was ev 
Hurst (1937) as the result of serial passage through the brain o w ^ ^ 

strain did not prove fatal on intracutaneous inoculation, and the his o og 1 ocu ] a ted 
to which it gave rise differed from that of the parent strain. Amnia s ^ w j t jj 
with the neuromyxoma strain were protected against subsequent mocu^ carl j e( j 
the myxoma-producing virus. Vaccination, however, in practice is gener cct j oa 
out with a strain of the fibroma virus, and is used particularly for ^ gbroma 
of hutch rabbits in countries where the disease is endemic. Tnoug arent jy,j 0 es 
virus protects against the clinical manifestations of myxomatosis, i a FP 
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nisms for synthesis of polysaccharides and oligosaccharides, botli of which meet 
the energy requirement with the high energy phosphate bonds of ATP. 

If the semi-acetal hydroxyl is converted into a phosphate ester, glucose-1- 
phosphate, the glycosidic bond is easily formed because the phosphate ester 
bond has about the same energy content as the glycosidic bond itself. Thus, 
sucrose may be formed in Pseudomonas saccharophilia and Lcuconostoc utes- 
enteroidcs by the reaction. 30 : 


sucrose 

glucose-l-phosph.»te + fructose ^ . sucrose + H,POi 

phosphorylase 

Cori 7 ' 9 has carried out the in vitro synthesis of starch and glycogen by similar 
reactions catalyzed by phosphorylases from plant and animal sources. 


phosphorylase 

n (glucose- 1 -phosphate) ~ ~ - : — (glucose)* + n (IIjPO*) 

(starch or glycogen) 

A small amount of preformed polysaccharide is necessary for this reaction, 
because phosphorylase acts to add new glucose units to existing terminal units 
in the polysaccharide. Although synthesis of polysaccharides by this method has 
not been observed in bacteria, it is likely that it does occur. 

New glycosidic bonds may also be formed at the expense of existing glyco- 
sidic linkages. Such reactions occur with little energy change and are thus 
reversible. The polymeric degradation of sucrose to form levans and dextrans 
has already been described. This mode of synthesis is widely distributed in 
bacteria. Dextran, a polymer of glucose units joined in 1,6-glycosidic linkages, 
is found in Leticonostoc mescntcroides and in some types of pneumococcus. 
Levans are polymeric 2,6-glycosides of fructose, and levans of close chemical 
and immunological similarity are present in several species of Bacillus, one of 
Aerobacter, and two of Streptococcus. 35 

The manner m which the energy for all these syntheses is eventually de- 
rived from ATP may be illustrated in a diagram adapted from Avineri-Shapiro 
and Hestrin 00 : 


glucose -f ATP ♦ 

HjPO, + sucrose ^ 


glucosc-G phosphate 

11 

glucose-l'phosphafe 


+ ADP 
4- fructose 


glucose + levan ts z ~ 
fructose -f- dextran ~ 


rstarch -f HjPO< 

1 1 -g lycogen + IfjP0< 


Oxidative Assimilation. 61 In a culture of growing bacteria it is obvious t * 
the constituents of the medium are being converted into bacterial cell materia • 
However, it was not fully realized before the work of Barker and Giesbergct 
that even resting, non-proliferating cells do not oxidize their carbohydrate su 
strates completely to COo and H 2 0 but instead assimilate a large portion o 


89 Cori, Swanson, and Con Fed. Proc., 1945, 4 234. 

00 Avineri-Shapiro and Hestrin Biochem. Jour, 1945, 39 1 67 . 
61 Clifton: Advances in Enzymology, 1946, 6 - 269. 
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moments after injection. Proceeding on this assumption, they attempted to measure 
the distribution of antibody between blood and tissue by comparing the concentration 
of antitoxin which neutralizes toxin on direct injection of the two into the tissue, with 
the blood concentration required to protect the tissue against an injection of toxin alone 
( indirect neutralization). In guinea-pigs the ratio of the two concentrations of antitoxin 
was about 20 for diphtheria and staphylococcal toxins given intradermally ; in guinea- 
pigs and rabbits it varied between 60 and 1 for different batches of tetanus toxin given 
intracerebrally (Fnedemann et al. 1939, Fncdemann and Zuger 19396 ; seo also Friede- 
mann et al. 1944, 194(k, 6). Other workers have found no evidence of a rapidly established 
distribution. Andersen (1937), for example, observed that the antibody content of the 
skin of rabbits passively immunized against vaccinia by the intravenous route was relatively 
low' after one day, and was equal to that of the blood after 7 days. Miles (1949), how- 
ever, demonstrated that “ indirect ” neutralization of intradermal diphtheria toxin by 
circulating antitoxin was not immediate, but progressive, depending presumably on the 
rate of passage of antibody through the cnpillaiy endothelium ; and that toxin was fixed 
to the tissues at a relatively slow rate. He concluded that, since tho indirect neutralizing 
dose was in part determined by these two processes, its ratio to the direct neutralizing dose 
was not a valid measure of the intra* and extra -vascular concentrations of antibody. 

Friedeinann’s ratios, though they arc not measures of the distribution of antibody 
between blood and tissues in the uninfected animal, are nevertheless indications of the mag- 
nitude of the antibody levels required in the blood of passively immunized animals for 
a protective effect in the tissues, irrespective of whether that protection is afforded by 
antitoxin already in the tissues, or by antitoxin passing from the blood to the tissues. 
When we consider the greater complexity of factors concerned in the action of tissue 
cells and fluids on bacteria, it will be clear that the blood levels necessary for the suppression 
of a tissue infection may be much higher (see also Fox 1943, Schlesingcr, Olitsky and 
Morgan 1944). 

The Availability of Antibody at Mucous Surfaces. 

Antibody is demonstrable in the contents of the alimentary canal (“copro- 
iintibody ”), in the urine, and m the uterine cavity. Although certain serum 
globulins have been shown to pass from the circulation to the lumen of the gut, 
antibodies in the circulation by no means always appear in the fmces Cholera 
antibody in the guinea-pig, for example (see Burrows et al. 1917, Burrows and 
Havens 1918, Koshland and Burrows 1950), appears to be formed locally in response 
to a local antigenic stimulus, and is moreover protective. Local formation appears 
also to be responsible for the presence of dysentery copro-agglutimns in man and 
rodents (Gonzalez and Koppisch 1951), and of antibodies to Trichomonas f edits in 
the uterine cavity of the cow (Kerr and Robertson 1917 ; see also Pierce 1947, 
1953). Naylor and Caldwell (1953) distinguish the local formation of salmonella 
agglutinins in the human bladder, as a sequel to infection, from the appearance 
of circulating antibodies in the urine, as the result of unrelated pathological changes 
in the bladder wall leading to exudation of serum proteins. In experimental 
V cholera: gastro-ententis of guinea pigs, which is mainly a superficial infection 
of the alimentary mucous membranes. Burrows and Ware (1953) demonstrated free 
antibody in the lumen of the gut of parenterally immunized animals associated 
with an immunity to oral infection with the vibrio They also passively immunized 
guinea-pigs by antibody given orally. 

The observation of MacLeod and his colleagues (1945) that immunization of 
soldiers with certain type-specific pneumococcal polysaccharides significantly dimin- 
ished the earner rate for the corresponding pneumococcal types, but left unaffected 
the carrier rate for unrelated types, is also consistent with the view that antibody 
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lias been adapted to serial passage through the domestic rabbit loses this property 
after a single passage through the cotton-tail rabbit {Sclbie et al 1948). The 
interesting observation was made by Syverton and Berry (1947) that papilloma 
cells could be infected with certain other viruses, such as B virus, myxoma virus 
and vaccinia virus. The papilloma virus can infect epidermal tumours induced 
by tar, and may bring about in them an abrupt change into carcinomata ; direct 
demonstration of the virus in the carcinomatous tumour lias so far failed, but 
its presence can he shown by serological methods (Rous 1943). An even more 
rapid method of bringing about, the carcinomatous state is to apply mcthylcho- 
lanthrcnc and tar to virus-induced papillomata ; the chemical agents appear to 
act, not ns ordinary stimulants of cell proliferation, hut as specific carcinogens 
affecting the virus (Rous and Fricdewnld 1914). 

The papilloma virus is filtrablc through a Berkcfeld candle, resists the action 
of glycerol, and is killed by exposure to 70° C. but not 67° C. for 30 minutes. By 
the gradocol membrane technique its size has been computed as 23-35 m/i, and 
by tho centrifugation technique as 32-50 mit (Schlcsinger and Andrewes 1937). 
Studies by the electron microscope suggest that the particles are spherical and 
have a mean diameter of about 44 m/i (Sharp el al 1942). Rabbits with experi- 
mentally produced papillomata are partly or completely immune to re-infection, 
and their serum has neutralizing and complement-fixing properties (see Kidd 
1938). Artificial immunization by intrapcritoneal injection of glyccrolated or 
non-infectivo virus has been described (Shope 1937). 

Oral Papillomatosis of Rabbits 

Parsons and Kidd (1913) met with a disease among domestic rabbits m New 
York characterized by the occurrence of small, usually multiple, benigu papi - 
lomatn on the under side of the tongue. They' persist often for several mont s 
but, unlike the Shopo papilloma, do not become malignant. The disease can e 
reproduced in rabbits and horses, but not in other animals, by local inocu a ion 
of a tumour suspension. The resulting lesions are strictly confined tot e or3 
mucosa— a site which is not affected by the Shope virus. Infection does no 
spread readily by contact. It is probably transferred from the mother 0 
young by suckling, and remains latent till it is activated by trauma or, cx P e 
mentally, by tar. The virus passes through a Berkcfeld N candle. In 
clear suspensions it is destroyed by exposure to 75° C. but not 65 C. for 3 
In 50 per cent, glycerol Locke solution in the ice-chest it survives for y 
at least. 

Hodgkin’s Disease (Lymfhadenoma) 

Little is known of the etiology of this fatal disease, in which 
histological changes arc usually found in the enlarged lymph glands 
deposits. Gordon (1933, 1934, 1936) described the reproduction 
encephalitis in rabbits by the intracerebral inoculation of auto ys 
pensions. Elementary bodies are said to be distinguishable in t0 t, e 

in impression preparations of infected rabbit’s brain. Gordon s es is ^ Q 
of diagnostic value in about 75 per cent, of cases of Hodgkin s disease ( g^efeld 
1934 1937a). The encephalitogenic agent is said to pass throug n 1 , g qo q 

and Seitz EK filters ; to be inactivated by exposure to a _ tem P* r * ® ' y a week 
for 30 minutes ; to withstand 0-5 per cent, phenol at 37 v. o p 


characteristic 

and lymphoid 
of meningo- 
ed gland sus- 
, material and 
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mechanisms for carbohydrate metabolism— that is, the facultative anaerobes 
Early in his studies on the fermentative activities of microorganisms, Pasteur 
observed that the anaerobic fermentative breakdown of carbohydrate is Jes* 
sened in the presence of oxygen. Many years later, Warburg called this phe- 
nomenon the Pasteur effect or Pasteur reaction .* 53 The Pasteur effect has been 
studied extensively by Meyerhof, Warburg, Lipmann and many others, who 
have found that oxygen inhibits fermentation m almost all facultatively 
anaerobic cells, whether they are bacteria, yeasts, or the cells of higher plants 
and animals. The value to a facultative anaerobe of such a regulatory mecha- 
nism is obvious. By means of the Pasteur effect, the anaerobic fermentative 
breakdown of carbohydrate is blocked in the presence of oxygen, and energy 
is furnished by the far more efficient aerobic oxidation of carbohydrate. How- 
ever, the actual mechanism of the Pasteur effect is far from obvious and is still 
the subject of spirited controversy. At present, it is generally believed that 
anaerobic fermentation is not inhibited by aerobic respiration but by the direct 
action of molecular oxygen upon some portion of the anaerobic breakdown 
mechanism 


NITROGEN METABOLISM** 


The metabolism of nitrogenous compounds by bacteria is less well under- 
stood than that of the carbohydrates, and the decomposition of these com- 
pounds is somewhat more complex in that the ring structures of the aromatic 
ammo acids make their breakdown a series of special cases. In general, the 
decomposition of proteins and ammo acids is of less quantitative importance 
in the processes of respiration except in certain cases such as that oF the 
obligate anaerobes. The metabolism of these compounds is of no less impor- 
tance, however, and the significance of the mechanisms of synthesis, which 
are intertwined with those of carbohydrate synthesis, is becoming increas-' 
mglv clear, not only in relation to particular questions such as that of the 
mechanism of action of the chemotherapeutic drugs, but also in that the micro- 
organisms have certain unique advantages in the investigation of the genera 
biological problems of anabolism. . , 

The Hydrolysis of Proteins. The ability to make use of ammo aci s 
is widespread among the bacteria, with the formation of compounds sue 
as hydrogen sulfide, indol, amines and the like which are associated wit 
the decomposition of proteins. The ability to hydrolyze native p pteins ,0 
their amino acid constituents is, however, one that is possessed by relatively tew 
kinds of bacteria The limited occurrence of this capability is sufficient ) 
marked that it is customary to speak of bacteria as fermentative or proteo ) tlC 
m type according to whether carbohydrate oxidation or proteolysis characterizes 
their biochemical activities. 

As compared with knowledge of the proteolytic enzymes of higher organ 
isms, very' little is known of the bacterial proteases. 6 ’ In general they app 23 


ea Sec the reviews by Burk Cold Spring Harbor Symposium on Quantitative ’ 
1939, 7 461, and Lipmann in A Symposium on Respiratory Enzymes. Univers 
Wisconsin Press, Madison 1942. p. 48. 

B4 See the review by Gale Ann. Rev Microbiol , 1947, 1-141. 
fi *Sce Haines Biol, Rev, 1934, 9-235. 
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distribution. If our knowledge was more extensive than it is, we should probably 
be able to describe a basal flora, characteristic of mankind under all conditions ; 
a supplementary flora, varying in frequency, but ranging widely as norma! para- 
sites of man ; and various species showing a restricted range or a temporary 
prevalence, conditioned by localized or transient environmental factors. This 
aspect of bacterial ecology has, however, received but little attention, except 
with regard to the incidence of a few important pathogenic species. If we include, 
among the normal flora of a particular region of the body, all those bacterial 
species which may be isolated from any considerable sample of apparently healthy 
persons, we must note that this flora varies widely, from time to time, and from 
place to place. 

The nature of the intestinal flora, for example, depends on a number of factors, 
such as diet, gastric acidity, degree of peristalsis, external temperature, and so 
on. The predominant flora on a herbivorous differs from that on a carnivorous 
diet ; in the upper part of the small intestine it is more copious in persons with 
gastric hypoacidity than in normal persons. Again, the flora of the nasopharynx 
is constantly changing both in the same individual and in the same community. 
At one time, pneumococci and Pfeiffer’s bacilli may be present in large numbers 
in apparently healthy persons, whereas at another time they may be far less 
frequent. It must be realized, therefore, that, in the account which follows, we 
can make no attempt to give a complete description of the organisms that may 
be found in different parts of the body, or to indicate more than roughly their 
frequency and relative proportions. 

The species found in the regions of the body which are normally colonized 
by bacteria include those generally accepted as pathogens, those generally accepted 
as saprophytes, and many that arc intermediate. We know very little^ of the 
nature of the association between the bacterium and the healthy host tissue in 
any of these three groups. Wc may regard all typical members of a pathogenic 
species as virulent, and postulate a high level of immunity, perhaps specific, m 
order to explain the prevalence of the organism in the normal flora ; or we may 
postulate a wide variation of virulence in the species, and assume a lesser vir ence 
for the strains found in healthy tissue. For example, as we saw in Chapter 
the “carrier" types of pneumococci appear to invade the lung tissue o came ^ 
only when the host is subjected to debilitating influences, and the . in ec *7V 
types may be carried by healthy people who have acquired an immunity o ® 
(see, for example, Finland, Brown and Barnes 1940); and there are in ca 
(sec p. 1375) that the normal fusiform bacilli of the mouth may initiate u cera 
lesions in the mouth of vitamin-deficient animals. But except where t em i^^ 
abnormally high specific antibody response to a species that occurs m ® e 
of normal tissues, any explanation in terms of a balance between e v 
of the “ pathogen ” and the resistance of the host is little more than a re- 0 

of the observed state of affairs, though it serves to emphasize that e coe ^ 

of bacterial with host cells is the result of an equilibrium beta een wo . ^ 
factors, and not merely a mutual indifference to each other s presence 
analogy with a large number of instances of biological associations ^ j. 
described as parasitism, saprophytism, commensalism or symbiosis, j m j c 
that the associations of saprophytes and healthy tissue cells are e< 3 u ® 1 ^ 

Moreover, equilibria exist not only between host and nonna v3 ’ r j ou3 

between the different species within the flora ; and the associa io 
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and be broken down by enzymes concentrated there, the bacteria starve to 
death. Added food material such as peptone may be regarded simply as nutri- 
ment which makes possible the initiation of growth rather than as substances 
essential to the formation of proteolytic enzymes. 

The evolution of ammonia which accompanies the bacterial decomposi- 
tion of protein material js considerably curtailed if a fermentable carbohydrate 
is included in the protein-containing medium in which the organisms are 
grown. This phenomenon has been interpreted to indicate that carbohydrate 
exerts a “protein-sparing" effect on bacterial proteolysis analogous to its pro- 
tein-sparing effect on mammalian metabolism. Precise work, however, has 
shourn that the analogy is spurious. A diminution in ammonia found might 
be due to either a decreased production or an increased utilization, since am- 
monia is the chief source of nitrogen for the great majority of bacteria. The 
presence of readily available energy in tire form of a fermentable sugar stimu- 
lates growth with a coincident increase in ammonia assimilated and, in con- 
sequence, the ammonia present is diminished. 

The Decomposition of Amino Acids. As pointed out above, with very 
few exceptions, such as the autotrophic organisms, all bacteria are able to 
utilize amino acids, and in most cases the decomposition of amino acids pres- 
ent in an actively growing bacterial culture proceeds rapidly. The enzymes 
concerned in the primary' utilization of amino acids have been studied at some 
length, knowledge of them is reviewed by Gale. 07 Possibly these compounds 
may be used directly in some cases as building stones for bacterial protein; 
but in most instances some type of decomposition occurs which may liberate 
energy to the organism, and some of its products, such as ammonia, are the 
starting points of bacterial synthesis. Ammo acids may be broken dotvn in a 
variety of ways which may be summarized as follows: 

O) Hydrolytic decomposition which may result in the formation of a 
lower fatty acid and ammonia, of an alcohol, carbon dioxide and ammonia, 
or of an aldehyde, a lower fatty acid and ammonia by the following reactions 

R-CH NHj COOH 4- H.O * R-CiJOH COOH 4- Nil/ 

R-C IJ-NIf, COOH 4- H.O >RCJJ,OH 4- CO, 4- NHj 

R-CH NHj COOH 4- H 2 0 ► R CHO 4- H COOH 4- NH» 

which are often brought about by aerobic organisms. The decor iposition 
to an alcohol is frequently brought about by bacteria. , 

(2) Decarboxylation with the formation of the corresponding amine <4 E 
so-called ptomaines including pentamethyldiamine or cadaverine from lysine 
and tetramethylenediamme or putrescine from ornithine or arginine) 
brought about by a variety of bacteria. 

R CH NHjCOOH * R-CH/NH, 

The bacterial amino acid decarboxylases have been studied in detail by 
Gale. 07 He has shown that six ammo acids are commonly decarbovyiate , 
lysine, ornithine, arginine, tyrosine, histidine and glutamic acid, all haun 0 
m common a free carboxyl group in the one position, a free a-amino group, 
a free terminal polar group, and the natural levo configuration. It has a s 

® 7 GaIe Bact. Rev., 1940, 4-135, Advances in Enzymology, 1946, 6.1, 
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than in the healthy mouth ; (5) “ VeilloneUa “ — said to be a normal inhabitant of the 
saliva (Langford et al. 1950) ; (6) Gram-negative bacilli, including members of the 
coliform and protcus groups ; (7) Spirochmtes ; these are almost invariably present 
between the gums and the teeth ; several types have been described, such as 
Treponema, buccalis, Treponema dentium, Treponema intermedium (Dobell 1912), 
Treponema inicrodentium, Treponema macrodentium (Noguchi 1912), Vincent’s 
spirillum, and Miller’s spirillum. Vincent’s spirillum is often present in large 
numbers in the healthy mouth, usually accompanied by fusiform bacilli (see Brooke 
1938) ; (8) Actinomyces (see Brooke 1938, Rosebury et al. 1944, and Chapter 14) ; 
(9) Fusiformis (see Brooke 1938 and Chapter 18) ; (10) Pleuropneumonia-like 
organisms (see Smith and Morton 1951) ; (11) Yeasts— mainly Candida albicans 
(Todd 1937, Lilienthal and Goldsworthy 1950). The flora of the mouth consists 
mainly of penicillin-sensitive organisms. By the use of penicillin pastilles most 
of these organisms can be eliminated. They arc replaced by coliform bacilli and 
by yeasts (see Long 1947). 

The intestinal flora of the breast-fed infant is fairly simple, consisting 
largely of Lactobacillus bifidus ; this bacillus in the early weeks of life may con- 
stitute 99 per cent, of the total organisms in the fasces (Cruicksh&nk 1925). There 
are in addition a few enterococci and Gram-negative coliform bacilli (Tissier and 
Dreyfus 1925). Snyder (1940), who followed the changes in fecal flora of infants 
from birth until some weeks after weaning, confirmed the predominance of L. 
bifidus in breast-fed infants, but found it also in 25 per cent, of the weaned infants. 
Coliforms and enterococci were also present in the breast-fed, but their frequency 
increased with weaning, and at the same time clostridia and members of the 
Fusiform is group became characteristic features of the fecal flora. Staphylo- 
cocci of both the albus and the aureus species are often present, though usually in 
only small numbers (see Crowley el al 1941, McFarlan et al. 1949, Martyn 1919. 
Buttiaux and Picrret 1949). They are probably derived from the infant’s nose 
and from the mother’s milk. 

The intestinal flora of bottle-fed infants is not so simple. L. bifidus is un- 
common ; on the other hand, another member of the aciduric group of bacteria 
— Lactobacillus acidophilus — is usually present in largo numbers (Tissier 9 /• 
Different types of coliform bacilli, enterococci, Gram-positive aerobic spore-beanDg 
bacilli and anaerobic bacilli, occur more or less abundantly. Two modeiate y 
pathogenic clostridia, Cl. capxtovale and Cl. difficile, were first discovere _ in 
stools of normal infants (Snyder and Hall 1935, Hall and O’Toole 1935, ny 
i937). . 

In the adult , numerous workers have found that the empty stomach 13 G e ” c . 
sterile. Immediately after a meal it contains numerous organisms, w c a 
been ingested with the food; but these, with the exception of : aci 'j® 31 ! 
vegetative bacilli and sporing bacteria, appear to he killed off rapidly. . 
ever, the motility of the stomach is excessive, or the acidity is below norma , ^ 
sterilizing effect of tho gastric juico is probably incomplete. Thus m ca 
gastric disease — particularly of carcinoma — sarcinro, saprophytic bacu i, an ^ 
organisms may actually multiply in the stomach (Goodsir 1842, PP er 
In the healthy adult tho jejunum and upper ileum arc practical 1) steri e ^ ^ 
far this is attributable to the continuing effect of the gastric juice am j 0 ” . ’ 
Crcgan and Hayward (1953) suggest, to some other antibacteria r,, ^f e found, 
is at present impossible to say. In the lower ileum bacteria arc ot en 
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been repotted that aspartic acid is decarboxylated to /3-alanine in symbiotic 
nitrogen fixation, and the decarboxylation of tryptophane has been reported 
also. It is of interest that pyridoxal phosphate is a coenzyme for the decar- 
boxylases studied by Gale. 

(3) Reductive deamination with the formation of saturated fatty acids and 
ammonia 


R CH NH, COOH + H, ► R CH, COOH + NH, 


or 

R CH NHf COOH + H, * R CH, + NH, + CO, 

with the formation of the saturated hydrocarbon. These reactions are brought 
about by anaerobic bactena which may, for example, decompose glycine to 
acetic acid and ammonia, or methane, carbon dioxide and ammonia. 

(4) Deamination and desaturation at the o-/3 linkage with the formation 
of the unsaturated fatty acid and ammonia 

R CH, CH NH, COOH ♦ R CH=CH COOH + NH, 

is also earned out by anaerobic bacteria. 

(5) Oxidative deamination with the formation of ammonia, carbon dioxide 
and a fatty acid of one less carbon is brought about by aerobic organisms. 

R CH NH, COOH + 0, > R COOH + NH, + CO, 

(6) Anaerobic oxidative deamination accompanied by the evolution of 
hydrogen and the disruption of the amino acid molecule has been described. 
The products of decomposition of glutamic acid have been determined The 


5 C,H,0«N + 6 H,0 -» 6 CH, COOH + 2 CH,(CH,), COOH + 5 CO, + H, + 5 NH, 

reaction probably proceeds by stages which are yet unknown This type 
of decomposition is sometimes known as the “fermentation" of amino acids. 

(7) The mutual oxidation and reduction of pairs of amino acids resulting 
in deamination and decomposition, undoubtedly an important source of 
energy to some obligate anaerobes and possibly facultative and aerobic or- 
ganisms as well Glycine, for example, is reduced to acetic acid and ammonia, 
and alanine oxidized to acetic acid, carbon dioxide and ammonia 


CH, CH NII, COOH + | O, 
CII, NII, -COOII + II, 


- CH, COOH + NH, + CO, 

- CllrCOOII + NH, 


The reactions are, of course, an oxidative and a reductive deamination respec- 
mcK. but the significance lies in the fact that one amino acid may act as 
Imlrogen acceptor in the oxidation of another. The paired oxidation-reduc- 
tion ol ammo acids has been noted earlier in connection with respiration 
1 he aromatic amino acids are usually attacked first at the side chain while 
S?; “f* n “ ^ A number of organisms decarboxylare 

<l« physiologically active substance histamine and carry the 

S rrr Tg Tl,c Of tryptophane to indol by'some 

Ixtctcna and not by others is taken advantage of in the biochemical' differ- 
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found that Chromo, prodigiosum introduced by fistula! into different parts of the intestine 
disappeared just as rapidly as when given by the mouth and made to pass through the 
stomach. Estimations of pH at different levels showed that the stomach contents had 
a pH approximately of 4-6, the duodenal of 6-7, the jejunal of 6-7-6, the ileal of 6-7, 
the ccecal of 6-7, and the descending colon of 6-6-7. In experiments in vitro a pH of 
about 4 was required to bring about a rapid reduction in the number of these organisms. 
This pH was met with only in the stomach. If, therefore, bacterial destruction occurs 
as rapidly in the intestine of tlio monkey as in the stomach, it is clear that acidity can- 
not be solely responsible. Bcrgeim described two antibacterial mechanisms m the 
cmcal contents of rats and man, one dependent on volatile fatty acids— formic, acetic 
and butyric — the other on H 2 S. At the pH of the caeca! contents, butyrate from a high 
butter fat diet was found to act slightly on L. acidophilus or yeasts, and more strongly 
on Bacl. coli, Proteus vulgaris, and salmonellre. If rats on this diet were given CaCO, 
to raise the pH of the intestinal contents, the proportion of Bacl. coli in the faeces increased. 
In concentrations that occurred naturally in the crccum of rats and man, H 2 S killed yeasts, 
and inhibited Bad. coli to some extent, but hardly affected L. acidophilus or the entero- 
coccus (Bergeim 1940, Bergeim et al. 1941). 

Provisionally we may conclude that in healthy persons the majority of the 
organisms ingested in the food and swallowed with the saliva are destroyed in the 
stomach by the gaBtric juice. The few surviving bacteria that pass through 
unharmed find the conditions in the duodenum and upper jejunum too acid to 
allow them to multiply. With their further passage down the intestine, they 
encounter progressively more alkaline conditions, and are able to proliferate 
accordingly {see Chapter 45). 

The variations of intestinal flora within mammalian species may be very great. For 
example, the normal flora of the guinea-pig intestine was found by Crecelius and Rettger 
(1043) to be fairly simple ; a lactobacillus resembling L. acidophilus constituted approx- 
imately 80 per cent, of the total cultivable flora, the remainder being accounted or 
cliiefly by soil and air bacteria, yeasts, and an anaerobic sarcina. Coliform orga ™^ 
and enterococci were seldom present. Again, according to Porter and Rettger ( 
the flora of the white rat on a normal mixed diet consists mainly of lactobacilli an co 
form organisms ; very few cocci are found. Lactobacilli were common in the i s omac » 
where little else but yeasts were demonstrable. The bacterial content of the enu 
and jejunum was low, and no lactobacilli were present. Coliforms and lactobac wer 
present in the lower parts of the small intestine, and abundant in the large 111 1 

where spore-bearing anaerobes also appeared. The lactobacilli were genera y re uc^ 
by meat, to some extent by other types of high protein diet, and by several days s * 
tion. Except in the lower gut, it may be noted, there was little correlation e 
the pH of the gut contents and the predominating flora. 

Origin o! the Alimentary Flora. — Witkowski (1935), investigating the on "s|“ ^ 
the mouth flora, found that organisms could be demonstrated in the mou 
49 out of 50 infants shortly after birth. These comprised mainly c ta P ■ . J 

coliform bacilli, DSderlein’s bacillus, and streptococci. Examination o ^ 
swabs from the mothers showed that these organisms were all present in ^ scen i 3 
in proportions corresponding fairly closely to those in the infant s mout . 
probable, therefore, that the initial flora of the infant’s mouth is derive r ^ 
vagina of the mother. By 2-5 days after birth other organisms ha ®PP . 
consisting, in decreasing order of frequency, of pneumococci, hromoly J c 3 arc ; 0 ®, 
cocci, various types of streptococci, Friedlandcr bacilli, corynebacteria, ^ 
and Gram-negative cocci. Comparison of these findings with the m 
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entiation of many species from one another. Tyrosine may he decomposed 
to phenol or broken down completely, and a number of organisms break the 
pyrrolidine ring of proline without difficulty. Owing to differences in ring 
structure, the decomposition of the aromatic amino acids becomes a series of 
special cases which cannot be considered further here. 

The types of amino acid breakdown outlined above represent a generaliza- 
tion. No single amino acid has as yet been shown to undergo alt of the 
decompositions nor is any single bacterial species capable of bringing about 
all of these transformations. On the other hand, the bacterial decomposition of 
an amino acid often involves not a single type of breakdown alone but a series 
of reactions consisting of several of these types. The nature of the products 
formed is dependent, to some degree, upon oxygen tension; some compounds 
such as hydroxy acids may be formed under aerobic conditions but are un- 
stable under anaerobic conditions. The pH of the medium is also of consider- 
able importance; for example, deamination occurs at an alkaline reaction 
and decarboxylation at an acid reaction. The fact that ammonia is almost 
always liberated is of considerable significance, for ammonium salts are util- 
ized as a source of nitrogen by the great majority of bacteria. 

Aerobic and anaerobic protein decompositions are often differentiated by 
the terms decay and putrefaction. Superficially there would appear to be 
some justification for regarding the two as separate processes — the justifica- 
tion being largely a matter of the unpleasant odors associated with the 
reduced products of anaerobic decomposition as contrasted with the lack of 
odor of the oxidized end products of the aerobic decomposition. Such a dis- 
tinction has no reality, however, for the processes of decomposition axe essen- 
tially the same in both cases. Both involve preliminary hydrolysis to amino 
acids and have further breakdown mechanisms in common. Oxidative de- 
amination, for example, is commonly associated with aerobic organisms, but 
it also occurs in the oxidation-reduction of pairs of amino acids, a reaction 


brought about by many of the obligate anaerobes. 

Synthesis of Nitrogen Compounds. Not only the autotrophic bacteria 
but also the most fastidious of the heterotrophes utilize ammonia and am- 
monium salts as sources of nitrogen. Although, as will appear, amino acids 
are assimilated directly, they also serve as a source of ammonia through pre- 
liminary deamination. The ammonia is taken up and used in the synthesis 
of amino acids, which are in turn condensed to form proteins. 

Until relatively recently little has been known of the methods of synthesis 
of ammo acids. The significance of the anabolic phase of carbohydrate 
metabolism has been discussed earlier and. as pointed out there, it seems pm 
able that the formation of carbon chains and organic acids, of which keio 
acids are possibly the most important, constitutes an early stage in ammo 
acid synthesis. Furthermore, the products of glycolysis, particularly P)' r u'* c 
acid, may also be sources of starting material in amino acid formation c 


next stage in synthesis is, of course, the addition of amino groups. 

Of the enzyme-catalyzed deaminations, only two, catalyzed by aspartasc 
and glutamic add dehydrogenase, have been found to be reversible. It uou 
appear, however, that a variety of amino acids could be synthesized from t ie 
corresponding beto adds by transamination, the amino group being donate 
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It is easy to pass from the conclusion that bacteria are unnecessary for the 
human organism to the conclusion that they are actively harmful. This is a 
transition that has been unjustifiably made. We have no space to discuss the 
question of intestinal toxamia. The conception that numerous cases of ill-health 
and of actual well-defined disease processes are due to the absorption, from the 
intestine, of toxic products elaborated by proteolytic micro-organisms is a plausible 
one, but one that rests largely on unproven assumptions. It is the almost com- 
plete lack of experimental evidence that renders the discussion of this subject so 
fruitless at the present time (see Discussion 1913, Dudgeon 1926). 

The earliest method attempted, in efforts to prevent the possible absorption 
of toxins from the intestine, was the replacement of the putrefactive flora- 
anaerobic spore-bearers such as Cl. sporogenes, Cl. putrificum, and Cl. histolyticum; 
aerobic spore-bearers such as B. mesentericus ; and organisms such as Proteus 
vulgaris and Ps. pyocyanea — by an organism of the aciduric group known as 
Lactobacillus bulgaricus. These attempts failed completely. It has since been 
found impossible to implant this bacillus in the normal intestine ; the con- 
ditions for its growth are unfavourable. Experimental work has shown that, 
in order to encourage the growth of a given type of organism in the intestine, 
it does not suffice to administer such an organism by the mouth, but that it is 
also essential to give by the mouth a sufficient quantity of a selective food material 
to enable it to flourish at the expense of other organisms The replacement of 
a proteolytic by a saccbarolytic flora — aciduric bacilli, Cl. icelchii, and the entero- 
coccus — can be largely accomplished by feeding on a high carbohydrate diet 
In rats it has been found that by giving large quantities of lactose or dextrin in 
the diet, the intestinal flora can be so changed that it contains 90 per cent, or 
more of aciduric bacilli (Rettger and Cheplin 1921, Cannon and McNease 1923, 
Cruickshank 1928). These two carbohydrates are absorbed very slowly, and 
consequently pass into the large intestine. They are there acted upon by t e 
aciduric bacilli — notably L acidophilus — with the formation of a large amoun 
of lactic acid ; the presence of this acid is unfavourable to the persistence of t e 
proteolytic bacteria. Without the supply of lactose, dextrin or milk the aci uric 
bacilli cannot be successfully implanted in the intestine, even though pure cu tines 
are given in large quantity daily. In infants 12 per cent, of lactose must be a e 
to whole cows’ milk or to lactic acid milk in order to convert the mixed in es no 
flora into a lactobacillary flora similar to that found in the stools of breas 
babies (Gerstley, Howell, and Nagel 1932). 

In old people, particularly those with hypochlorhydria, the small intestine is no on^ 
sterile, the sugar in the diet is fermented before it reaches the large gut, an ^at 
bacilli are unable to thrive. In consequence the fsecea contain salivary strep 000 ^ an 
have not been killed off in the stomach and larger numbers of putrefactive orgams 
normally, but very few lactobacilh. Any benefit to he derived by sue perso ^ 
drinking Yoghurt and other types of sour milk is not, as Metchmkoff suppose , ^ not 

ingestion of the lactobacilh themselves but to the provision of milk sugar , 
readily broken down till it reaches the large intestine, where the acl( : ^ r °, UCe gour mdk 
the development of putrefactive bacteria (Orla- Jensen et at. 1945). e er 
has any advantage over sweet milk for this purpose is perhaps dou t u . 

This is not the place to discuss the value of changing the intestinal j ea( jers 
the treatment of constipation and other disorders, but we sha 1 re er o 
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acid, of cocarboxylaac from tliiamin and of riboflavin from flavoproteins, takes place 
in the stomach. (For short reviews of this subject see Kon 1945, Elvehjcm 1948, Johansson 
and Sarles 1919.) 


As we have seen in Chapter 54, the fact that a substantial amount of the vitamin 
or food requirements of an animal may be satisfied by the bacteria in its alimentary 
canal affects the interpretation of a good deal of recorded work on experimental 
variations of diet. It also throws light on the association of deficiency states 
with diarrheoal syndromes, and with prolonged therapy of intestinal infections 
with drugs like sulphaguanidine and succinyl Bulphathiazole. 

Intestinal bacteria may also destroy essential foodstuffs. Thus, in the absence 
of a more readily fermented carbohydrate, Bad. coli and a number of other intestinal 
species will decompose Vitamin C in media containing organic nitrogen. It is 
not known to what extent dietary Vitamin C is destroyed in the alimentary canal, 
but the hypothesis of its decomposition by bacteria is in accord with the observa- 
tion that certain scorbutic patients respond to injected, but not to oral, Vitamin C 
(Young 1942, Young and James 1942, Young and Eettger 1943). Again, nicotinic 


acid may be utilized as the sole source of nitrogen by organisms of the Pseudomonas 
group and by certain chromobactcria, though in the absence of nicotinic acid, 
these organisms synthesize the vitamin (Koser and Baird 1944 ; see also Benesch 
1945). The production of a vitamin by the intestinal flora will clearly be deter- 
mined by a multiplicity of factors, of which the presence of vitamin-producing 
and vitamin-destroying bacteria is only one ; and the determination of these 
factors presents an exceedingly complex problem in bacterial ecology. 

A peculiarly fascinating aspect of the relationship of bacteria to nutrition was 
revealed by Stokstad and Ins colleagues in New York (1949) when they observed 
that the addition of aureomyein to the diet stimulated the growth of chicks. 
Similar observations were made by numerous other workers on pigs, chicks, and 
turkey poults, using aureomyein, terramycin, or penicillin (Wahlstrom el al. 19o0, 
Coates et al. 1951, Sieburth ct al. 1951, Larson and Carpenter 1952). The mechanism 
by which this effect is produced is still in doubt. It is thought by some wor 'ers 
that intestinal organisms detrimental to the host are suppressed by the anti to ic, 
and by others that by alteration in the intestinal flora organisms producing itamin 
B 12 or some other factor favourable to growth are stimulated. 


The Normal Flora o! the Respiratory Tract. 

For our present purpose we may divide the respiratory tract into three sections . 
an upper part, including the anterior and posterior nares and the nasop ar ^ D ,* ’ 
an intermediate zone, common to the respiratory and alimentary trac s, 
eluding the oropharynx and the tonsils ; and a lower part, including t e ary 
trachea, bronchi and lungs. # . t i,at 

The bacterial flora of the nasal passages differs in several respects ^ 
of the nasopharynx. It is less copious : if swabs are taken from t e nos ^ 
nasopharynx of a sample of normal persons, and plated on some suita e m ve( j 
the nasal swabs will give the lower colony counts, and the differences ^ 

are often striking. Qualitatively, diphtheroid bacilli and sfcaphy oco < ° ^ 

Staph, aureus and albus — are far more frequent in the nose than m the nas p ^ ^ 
whereas Str. viridans , indifferent streptococci, and Gram-negative coc * ^ 

N. pharyngis type, are far less frequent. These non-hmmolytic s rep ^ nago . 
Gram-negative cocci appear to constitute the basal normal flora 
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pathogenic species to vegetate In the nose than in the nasopharynx. Mouth-washing, 
in this scries of cases at least, appears to be a less effective method o{ isolating the pneumo- 
coccus and the influenza bacillus, but equally effective for the hscmolytic streptococci and 
the Grnm-ncgatire cocci (sec also Gundel ami Liiulcn 1031, Gundel and Okura 1033, 
Gundel 1933). 

It must not be supposed that these arc constant figures. They fluctuate widely 
both from time to time and from place to place. Thus the nasopharyngeal carrier 
rate of haemolytic streptococci may vary from zero to 20 per cent, in a sample 
of the normal adult population subjected to repeated swabbing. The fluctuations 
in pneumococci and influenza bacilli nrc usually smaller (sec also Burky and Smillie 
1929). 

Table 181 summarizes the results of a large survey by Strakcr, Hill and Lovell 
(1939), which included a group of adults sampled at intervals over a period of 
seven years. In children, the pneumococcal carrier rates tended to be higher 
than those recorded in the table, but otherwise the rates were not significantly 
different. 

TABLE 181 

Suowiya the Carrier Rates for certain Bacterial Species in tiie Nasopharynx 
and Nose for a Gnocr of Adults in an Urban Population 


Organism. 

Nasopharyngeal 
Carrier Kate 

Nasal 

Carrier IUte. 



Per cent. 

Sir. pneumonia: 

20-40 

<1 

5-10 

Hreraolytic streptococci . .... 

5-15 

II. influenza: 

40-80 

N. meningitidis 

5-20 


Gram-negative cocci other than 

N. meningitidis 

00-100 

0-15 


Tho rates varied to some extent with tho season. In the nasopharynx, pneumococci 
and to a slight extent //. influenza: were found more frequently in cold, dainp sea sot 
than in the dry hot periods ; in the nose a similar, but more definite season a vs ” ’ 
occurred. There was some evidence of an association between theso two orga ^ . 
whose colonization of tho nasopharynx appears to be fairly constant ; in e a p 
colder seasons, they appeared more frequently in the nose of living persons, an 
trachea of persons who had died from a variety of causes. That is, in the summer 
the organism was confined largely to the nasopharynx, but in lato winter an ear y o 
it tended to colonize downwards into the trachea and forward into the nasa ca 
Tho carrier rates for haemolytic streptococci in the throat are substantia , y 
in other countries as m Great Britain (sec, for example, Bryce and Tewsley 1 > ^ 

Boisvert 1942, and Chapter 66). An association of high carrier rates wit wor j{ er9 , 
sion of tonsils, in both children and adults, has been noted by a number 0 ersonJ 
Thus, Burpee (1937) in an institutional survey records a rate of 27-3 pw * Q, es t er . 
with tonsils, and 10 3 per cent, in those whose tonsils had been removed (see a igofa(ec j 
man and Scandrett 1940, Pike and Fashena 1946) Of the Imnolytic strcptoco C rt , on 

from tho throat, a large proportion belong to Lanccfield’s Group A. Williams 

varies from 20-70 per cent (see, for example, Fleming 1939, Pomalcs-Le t ’ jt 
and Harper 1944), some of the remainder belonging to Lancefields o 

*Lqt Ormir) A Btrcnto cocci colonize tlio tonsils more readily than o i ^ ^ 

<1 
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and 24 month? (see also Ludlam 1053). Observations made by numerous workers suggest 
that in maternity units infants become infected with Staph, aureus more often from nurses 
and from the dust of the nursery than from their mothers. 

Various workers have described the presence of small Gram-negative, 
filter-passing, anaerobic bacilli, in suspensions obtained by washing out 
the nares, nasopharynx and oropharynx with sterile broth (Olitsky and 
Gates 1921a, b, Olitsky and McCartney 1923, Mills, Shibley and Dochez 1928, 
Garrod 1928, Burky and Freese 1931). The evidence suggests that these strains 
may be differentiated into several distinct types ; but they have not yet been 
submitted to detailed study from the systematic point of view. The so-called 
“ Bacterium'' pneumosintes, at one time regarded as a possible cause of epidemic 
influenza, apparently belongs to this group. The information at present avail- 
able on the relative frequency of these bacilli in normal persons, and in those 
suffering from colds, docs not indicate that they play any significant role in such 
infections. Garrod (1928) also described the isolation, by the same technique, 
of minute. Gram-negative, filter-passing, anaerobic cocci. 

The Normal Flora of the Vagina. 

An important distinction must be drawn between the flora of the vulva and 
vestibulum on the one hand and that of the vagina proper on the other. Except 
immediately after parturition and during the first few days of the puerperium, 
the vaginal flora is quite distinct from that of the vulval flora. 

The vulva of the newly-born child is sterile ; organisms make their appear- 
ance in about 7 to 8 hours. The normal flora of the vulva is a rich and varied 
one, and depends largely on the organisms present in its immediate environment. 
According to Wegelius (1909) it consists of : (1) Obligatory aerobes and aerophilic 
bacteria, of which the chief types are pseudo-diphtheria bacilli and M. tetragenus. 
(2) Coliform bacilli. (3) Facultative anaerobes, usually more or less susceptible 
to acid. (4) Bacilli derived from the vagina, including yeasts. (5) Obligatory 
anaerobes. On agar plates incubated aerobically the commonest organisms 
form colonies are staphylococci, diphtheroids, enterococci, sarern®, and conform 
bacilli. Besides these organisms, yeasts — Oidium and Saccharomyces -are very 
common ; and the smegma bacillus is not infrequently demonstrable in smear 
preparations stained with Ziehl-Neeleen. Under anaerobic conditions of cu tiva 
tion numerous colonies appear, consisting of organisms that have as yet been on y 
imperfectly studied. Pathogenic bacteria are uncommon. 

The normal flora of the vagina seems to depend largely on the glycogen con en 
of the vaginal epithelium which, in its turn, is dependent on ovarian ac ivi y 
(Miura 1928, Cruickshank and Sharman 1934). The vagina of the new y 
child is sterile ; organisms make their appearance in 12-24 hours. A 
consist of staphylococci, enterococci, and diphtheroids, but these are often rep ac ’ 
in 2 or 3 days by a practically pure culture of Do'derlein’s bacillus (see • 

31 ). At this time glycogen is demonstrable in the vaginal epithelium, an ^ 
vaginal secretion itself is acid. The occurrence of glycogen appears o ^ 
to the presence of cestrin derived from the maternal circulation, o . ^ 

in thp iirinp p]vroppn i<i nn Inn ner demonstrable in the^ epi^ 


varied flora of staphylococci, streptococci 


other than Sir. pyogenes, 


coni ui in * 
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don on nitrogen-containing media. Although Azotobacter fixes nitrogen in the 
free-living state, it is not infrequently found in nature living symbiotically with 
higher plants. Chlorella, for example, may grow in association with the bac- 
terium, the former assimilating carbon dioxide and the latter molecular 
nitrogen. 

The mechanism by which nitrogen is fixed is obscure. Winogradsky sug- 
gested that Cl. pastorinnum might bring about a direct combination of nitrogen 
with nascent hydrogen liberated in the fermentation of glucose to form am- 
monia. It has been generally supposed that the fixation of nitrogen is an endo- 
thermic process, but Burk 7- ’ has pointed out that fixation might take place 
by means of exothermic reactions either in the presence of hydrogen arising 
from the fermentation of glucose or formate, or as an oxidation in the presence 
of free oxygen . 78 Wilson and Burris 7 - have reviewed more recent evidence 



r 


9 ‘ 

Fig. 20. Colonies of Rhizobium radicicota on nutrient agar. Twenty-four horn culture, 
X 3. 

regarding the mechanism of fixation and conclude that ammonia is the most 
likely intermediate, arising from the reduction of nitrogen by substrate h) ro 
gen. As in other phases of bacterial chemistry, the temptation to assume a rec 
radical chemistry is strong, but there is as yet insufficient evidence to justi >' 
such an assumption. . i 

The efficiency of the fixation process is variable depending upon the 
pressure of oxygen. The high respiratory rate of Azotobacter, QO > — 20 to 
4000, the highest recorded for any living cell, is at a maximum at . t0 
per cent oxygen, falling off sharply on either side of this optimum. Maximum 
nitrogen fixation, however, takes place at 4 to 5 per cent oxygen, and the 
ficiency of the fixation process increases with decreasing oxygen pressure. 
Under optimum conditions nitrogen is fixed with an efficiency of a PPf°*l 
mately 11 per cent of the maximum theoretically attainable, a figure w ‘ c 
falls off to about 1 per cent under atmospheric conditions. 

T5 Burk: Jour. Gen. Physiol., 1927, 10:559. _ . . p w 

79 An oxidation to HNO 3 . If the concentration of HNOj is less than 0.1 molar, ii 
a positive value. 
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human beings and to rabbits, but potentially pathogenic Staph, aureus is not in- 
frequently found (Koch 1908). In moister parts, like the axilla) and inguinal folds, 
Gram-negative bacilli often predominate. 

Staph aureus is not uncommon on the skin of the face and hands, hut less 
common on other parts of the body. The numbers present are usually small, 
but carrier nates of 5-24 per cent, have been recorded (Vierthaler 1940, Bartley 
1941, Smith 1941, Martin 1942). Skin carriage is usually associated with nasal 
carriage. In our observations on over 1,000 normal adults 24-7 per cent, of nasal 
carriers were skin carriers, and 87*3 per cent, of skin carriers were also nasal carriers 
(Miles cl al, 1944). As shown by serological or bacteriophage tests, the types of 
staphylococci found in the nose and skin are usually the same (Gillespie et al 
1939, Miles cl al. 1944, Williams 1946). To some extent, therefore, it appears that 
the skin is continually being infected with Staph, aureus from the nose. This con- 
clusion is supported by the finding that reduction of nasal carriage by topical 
treatment with penicillin leads to a significant reduction in the proportion of skin 
carriers (Moss et al. 1948). Though Staph, aureus is usually transient in Price’s 
sense, some persons carry this organism so deeply in the recesses of the skin that 
prolonged sweating is required to bring it to the surface (Devenish and Miles 1939). 
In such persons it may be regarded as part of the resident flora (see also Gillespie 
ct al. 1939, Vierthaler 1940). 

In Chapter 66 we have discussed Str. pyogenes as an occasional transient member 
of the sldn flora. There is no reason to believe that it ever forms part of the 
resident flora of the clinically normal skin ; and indeed, in the light of Burtenshaw s 
(p. 142) demonstration of natural fatty antistreptococcal substances in the normal 
skin, it seems unlikely that it could ever do so. 

Among other organisms met with are occasional coliform organisms, Proteus, 
and diphtheroids. Horwood and Minch (1951) were able to isolate coliform organ- 
isms from 22 out of 34 food handlers , of the 22 positive samples, Bad. coh was 
present alone or with other members of the group in 13 Diphtheroids arc proba y 
located mainly in the sebaceous glands The healthy skin appears to have some 
natural self-disinfecting mechanism which is responsible for the rapid disappearance 
of living organisms implanted upon it (see Chapter 45 and Colcbrook and 5 ax e 


1933, Arnold and Bart 1934). , , ^ 

In the skin lining the external auditory meatus, as well as the usual stap y o 
cocci, diphtheroid bacilli are not uncommon, and sometimes saprophytic aci as 
bacilli, derived from the cerumen, are met with. In the conjunctiva sac, 
organisms are comparatively scanty, and consist chiefly of diphtheroi s, su 
as C. xerose. The conjunctiva may owe its comparative freedom from ® ’ 
in part, to a highly potent lytic enzyme, called by Fleming and Alh s ° n 
lysozyme. These workers found that tears have a high bactericiaa 
capable of dissolving certain saprophytic cocci in a dilution of 1/40,000. ^ 

study showed that, with the exception of cerebrospinal fluid, sweat, an 
this enzyme is distributed to a greater or less extent in practically all e 
secretions and tissues, as well as in animal and some vegetable tissues. 

Testing the bactericidal power against a large non-pathogenic coccus.caUed 
M. hjsodeikticus, they found the blood serum active in a dilution of 1/270, na ‘ . ding 
and sputum in 1/13,500, and saliva in 1/300. Extracts of tissues made y b 
un 1 gm. of tissue with 20 mL of saline showed that tho liver and the tonsi ^ 

at a dilution of 1/400, tho kidney and skin at about 1/100, win 10 cartl a8 ° 
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(3) With avirulent bacteria, which have little power of multiplication within 
the tissues, this mechanism results in a rapid and permanent clearing of the circula- 
tion. With virulent bacteria an initial partial clearing is followed by a stage of 
bacterial multiplication in the foci to which the bacteria have been removed, 
resulting in a secondary invasion of the blood stream. The fate of the host is 
determined by the balance between this bacterial multiplication and the efficiency 
of the clearing mechanism. With slightly or moderately virulent strains there is a 
secondary bacteremia followed by a secondary clearing. With highly virulent 
strains the secondary bacteremia increases and the animal dies of an acute septi- 
cemia, Even when secondary clearing occurs, and the animal remains in apparent 
health, foci of infection may remain in the various histiocyte depots, and living 
bacteria may persist in these situations over long periods of time. 

(4) When bacteria get into the body by other routes they are dealt with in 
part by local mechanisms of the same general character as that described under 
(3). The extent to which invasion of the blood Btream occurs depends upon the 
anatomy and functional activity of the tissues first invaded, and upon the virulence 
of the invading organism. The blood stream is invaded very rapidly after intra- 
peritoneal inoculation, less rapidly after intramuscular inoculation, and still less 
rapidly after subcutaneous inoculation. In all cases the passage of the invader 
from the primary lodgment to the blood stream is mainly by way of the lymphatics, 
and the histiocyte depdts m the regional lymphatic glands play a prominent part 
in the removal of the invading bacteria. When relatively avirulent bacteria gain 
access to the tissues at some site from which passage to the blood stream is slow, 
infection may never pass beyond the first line of defence in the regional lymphatic 
glands, but here, as in the case where a generalized infection has become established, 
localized foci of infection may persist over long periods of time. 

(5) In addition to this process of removal and digestion by phagocytic cells, a 
direct bactericidal action of the scrum plays a part in ridding the tissues of bacteria. 
The importance of this purely humoral immunity appears to differ widely in 
different bacterial infections ; but it is probably always subsidiary to the phago- 
cytic mechanism, and is seldom, if ever, the main factor in defence. 

(6) The efficiency of the clearing mechanism of a normal animal may be 
increased, vis-a-vis a particular bacterial parasite, by active immunization with a 
killed culture of that particular organism. The immunity so produced is specific 
in the serological sense. The actively immunized animal deals with a virulent 
strain of the bacterium against which it has been immunized in the same way as a 
normal animal deals with an avirulent or slightly virulent strain of the same 
bacterial species. 

(7) Immunity of this type may be passively transferred by the injection into 
a normal animal of the serum obtained from an animal that has been actively 
immunized. 

' (8) The antibodies by which this passive immunity is conferred are those that 
unite with the surface antigens of the virulent bacteria ; and in order to induce 
an effective active antibacterial immunity the immunizing agent employed must 
contain these surface antigens. 

(9) The efficacy of humoral immunity in any part of the tissues is determined 
in the first place by the existing concentration of antibody on the cells or in the 
tissue fluid, and the availability of circulating antibody ; and secondly by the 
presence, in optimal amounts, of the reactants, both fluid and cellular, necessary 
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Rhizohium occurs only in association with the host plant, the mechanism of 
fixation is somewhat better understood than in the case of the free-living 
nitrogen fixers, chiefly through the work of Virtanen and his colleagues. It 
has been found tlrnt not inconsiderable quantities of nitrogen are excreted 
by the root nodules during the early stages of growth in the form of glutamic 
and aspartic acids and /t-nlaninc together with a small quantity of the oxime 
of oxalacetic acid It appears that nitrogen is fixed as hydroxylamine, which in 
turn condenses with oxalacetic acid supplied by the plant. The oxime is then 
reduced to aspartic acid, which senes as a starting material for the synthesis 
of other ammo acids. The occurrence of glutamic add has been taken to sug- 
gest that hvdroxylammc is also reduced to ammonia, but is also compatible 
with the assumption that nitrogen is fixed as ammonia. The /9-alanine found 
presumably arises through decarboxylation of the aspartic acid. The course 
of the fixation process may be expressed thus: 7 * 


~>NHi 

+ 

a-Utodicarlmylic 

acid 


amino dicarbot> tic acid 
(aspartic and glutamic acids) 

Plants other than the leguminosae show nodule formation which, in some 
cases, is associated with nitrogen fixation. A number of species of alder (Alnus), 
for instance, have root nodules and there is evidence that nitrogen fixation 
occurs. Nodule formation is not confined to roots: some plants, the Rubiaceac 
and Dioscorca, show bactcria-containing nodules on the leaves, and in one 
instance these have been shown to fix atmospheric nitrogen. 

It is open to question whether bacteria other than those described abo^e 
are able to fix nitrogen. Fixation has been reported for a variety of organisms 
such as the pneumococcus, but the evidence is inconclusive and fragments^' 
It has been shown,™ however, that the blue-green alga Nostoc is able to hx 
atmospheric nitrogen. 


-» NHjOH 

+ 

a-ketodicarlxnylic 

acid 


THE NUTRITIVE REQUIREMENTS OF BACTERIA * 0 
It is already apparent that bacteria as a group include a wide variety of 
physiological types, ranging from the photosynthctic and autotrophic forms 
to those which metabolize carbohydrates and organic nitrogenous substances 
by means of complex enzyme systems. The food requirements of these organ 
isms are equally diverse, some being able to utilize inorganic compounds 0 
carbon and nitrogen while others require organic compounds of varying e " 


** Virtanen. Ann. Rev. Microbiol., 1948. 2 485. 

An - — « — i v Bot. Gaz., 1937, 98:433. ~ ind ! 

been reviewed by Knight. Medical Research 
1936 to 1938 by Koser and Saunders: Bact.Jiew, 1 ’ 

ides of bacterial metabolism by various authors , 
Rev. Biochem., Advances m Enzymology, and Ann. Rev. Microbiol., and mos r 
bv Koser Ann. Rev. Microbiol, 1948, 2 121. 
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human beings and to rabbits, but potentially pathogenic Staph, aureus is not in- 
frequently found (Koch 1908). In moister parts, like the axilla) and inguinal folds, 
Gram-negative bacilli often predominate. 

Staph, aureus is not uncommon on the skin of the face and hands, but less 
common on other parts of the body. The numbers present are usually small, 
but carrier rates of 5-21 per cent, have been recorded (Vierthaler 1940, Bartley 
1911, Smith 1941, Martin 1912). Skin carriage is usually associated with nasal 
carriage. In our observations on over 1,000 normal adults 24-7 per cent, of nasal 
carriers were skin carriers, and 87*3 per cent, of skin carriers were also nasal carriers 
(Miles et al. 1944). As shown by serological or bacteriophage tests, the types of 
staphylococci found in the nose and skin are usually the same (Gillespie et al. 
1939, Miles ct al. 1944, Williams 1946). To some extent, therefore, it appears that 
the skin is continually being infected with Staph, aureus from the nose. This con- 
clusion is supported by the finding that reduction of nasal carriage by topical 
treatment with penicillin leads to a significant reduction in the proportion of skin 
carriers (Moss et al. 1948). Though Staph, aureus is usually transient in Price’s 
sense, some persons carry this organism so deeply in the recesses of the skin that 
prolonged sweating is required to bring it to the surface (Devenish and Miles 1939) 
In such persons it may be regarded as part of the resident flora (see also Gillespie 
ct al. 1939, Vierthaler 1940). 

In Chapter 66 we have discussed Str. pyogenes as an occasional transient member 
of the skin flora. There is no reason to believe that it ever forms part of the 
resident flora of the clinically normal skin ; and indeed, in the light of Burtenshaw s 
(p. 142) demonstration of natural fatty antistreptococcal substances in the normal 
skin, it seems unlikely that it could ever do so. 

Among other organisms met with are occasional coliform organisms, Proteus, 
and diphtheroids. Horwood and Minch (1951) were able to isolate coliform organ- 
isms from 22 out of 34 food handlers ; of the 22 positive samples, Bad. coh was 
present alone or with other members of the group in 13. Diphtheroids are probab y 
located mainly in the sebaceous glands. The healthy skin appears to have some 
natural self-disinfecting mechanism which is responsible for the rapid disappearance 
of living organisms implanted upon it (see Chapter 45 and Colebrook and Maxte 
1933, Arnold and Bart 1934). , . 

In the skin lining the external auditory meatus, as well as the usual stap y 0 
cocci, diphtheroid bacilli are not uncommon, and sometimes saprophytic aci • as 
bacilli, derived from the cerumen, are met with. In the conjunctiva sac, 
organisms are comparatively scanty, and consist chiefly of diphtheroids, sue 
as G- xerose The conjunctiva may owe its comparative freedom from ac cria, 
in part, to a highly potent lytic enzyme, called by Fleming and A|h s ° n ' 
lysozyme. These workers found that tears have a high bactcricida 
capable of dissolving certain saprophytic cocci in a dilution of 1/40,000. ur 
study showed that, with the exception of cerebrospinal fluid, sweat, an 
this enzyme is distributed to a greater or less extent in practically all t e 
secretions and tissues, as well as in animal and some vegetable tissues. 

Testing the bactericidal power against a largo non-patbogenic coccus, called 
M. lysodeiltieui, they found the blood serum active in a dilution of 1/27 , nas .^g 
and sputum in 1/13.500, and saliva in 1/300. Extracts of tissues made y b 
up 1 gm. of tissue with 20 ml. of saline showed that the liver and tho tonsi v 
at a dilution of 1/400, the kidney and skin at about 1/100, while carti age 
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mesenteric glands or the liver ; a few may perhaps make their way to the blood 
stream, from which they will he removed by phagocytic cells. In support of this 
possibility is the observation that the muscles and viscera of apparently healthy 
cattle and pigs not infrequently contain bacteria (Zwick and Weichel 1911, Rrith 
1926). Different animals, however, seem to vary in this respect. Schweinburg 
and Sylvester (1953), for example, found that the organs of rats, guinea-pigs, and 
golden hamsters were sterile, but that 80 per cent, of samples of tissues from dogs 
and 40 per cent, from rabbits yielded clostridia — mainly Cl. welchii. 

The now common diagnostic practice of sternal puncture also offers a means 
of exploring the bacterial content of the reticulo-endothelial system in healthy 
persons. So far, its bacteriological use has been confined to culture of marrow 
samples as an aid to diagnosis in infections where the blood culture is sterile. 
A wide field of experimental work is open to the student who is willing to study 
the distribution of living organisms in the tissues of apparently normal animals. 
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ments which, in appropriate and often highly complex combinations, male 
up the bacteria] protoplasm. Chief among these elements are carbon and 
nitrogen which the organism may be able to assimilate in a variety of forms. 
The heterotrophic microorganisms require organic compounds as sources of 
carbon but do not appear to be particularly fastidious as to the nature of these 
compounds as long as they may be attacked by the bacterial enzymes An 
organism may, for example, assimilate some of the carbon of a fermentable 
sugar or it may grow normally in the presence of one or more amino acids in 
mineral salt solutions. The apparent relative unimportance of the nature of 
the carbon compound suggests that bacteria may break down all manner of 
carbon compounds to one or more substances which they use as a starting 
material for the synthesis of cell substance. The intimate relation between 


glj colysis and the synthesis of carbohydrate and amino acids has been pointed 
out earlier. The source of nitrogen is either ammonium salts or ammonia lib- 
erated by deamination of amino acids supplied in the medium. 

The Essential Elements. Elements other than carbon and nitrogen are a 
part of the bacterial protoplasm and must, of necessity, be supplied in a cul- 
ture medium. Oxygen is, of course, contained in carbohydrates and amino acids 
as well as available in the gaseous form to all but the obligate anaerobes. 01 
the other elements, phosphorus predominates quantitatively because of the 
high nucleic acid content of the cells. It is generally supplied in the form of 
phosphate and probably may be assimilated by the organism in the form of 
other inorganic compounds. A number of other elements, such as iron, 
magnesium, calcium, etc., have been shown to be necessary to bacterial growth, 
and certain organisms may have special requirements as in the case of Azoto- 
bacter, which requires the presence of elements such as molybdenum and 
vanadium for nitrogen fixation (which in this case is growth, since the nitro- 
gen is fixed as bacterial protoplasm). It has been found also that iron concentra- 
tion is of paramount importance in toxin formation by the diphtheria bacillus, 
the optimum amount being 0.14 micrograms per milliliter. 82 Similar results 
have been obtained in studies of the formation of tetanus toxin. 83 Iron con- 


centration has also been shown to determine the type of sugar fermentation 
produced by Cl. i velchii; with adequate amounts of iron, it is of the acetic aci 
butyric acid type with not more than 20 per cent conversion to lactic acid, tU 
with iron deficiency very little volatile acid is formed and 85 per cent of t e 
sugar is converted to lactic acid. 84 Probably a great number of chemical ele- 
ments go to make up the bacterial cell substance and are, therefore, necessar} 
parts of the food supply, but in the great majority of cases they are require 
only in the minute traces with which many chemical compounds of the hig & 
purity are contaminated. Obvious technical difficulties have prevented in 
tensive study, but it is quite likely that all of these “biologically rare c c 
merits may be assimilated in the form of inorganic compounds. 

The Essential Amino Acids. Bacteria not only require elements sue as 
carbon and nitrogen, but many require them in the form of preformed mo ec 
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CHAPTER 91 

THE BACTERIOLOGY OF AIR 


In Chapter 59 we have already discussed the apparently conflicting views of Cornet 
and of Flugge on the respective parts played by dust and by droplets in the spread 
of pulmonary tuberculosis. More recently observations in this country and in 
the United States have focused attention on the part played by aerial infection 
in the causation of other respiratory diseases. Work is now proceeding actively 
on aerial microbiology, and particularly on the ways in which spread of infection 
by dust and droplet nuclei can be controlled. We shall attempt to give a brief 
rdsumd of the present position, and refer our readers for a fuller account of the 
earlier observations to the Symposium on Aerobiology held at Chicago in 1942 
(Report 1942), and for more recent reviews and studies to Rosebury’s (1947) mono- 
graph on experimental air-borne infection, to the report of the Committee on 
Research and Standards (Report 1947), to the report of the Medical Research 
Council (Report 1948), and to papers by Williams (1948, 1949a, 1951). 

Outdoor Air 

The degree of bacterial contamination of the outside air depends on a number 
of factors, such as the density of the human and animal population, the amount 
of vegetation, the nature of the ground or soil, the temperature and humidity 
of the atmosphere, the extent and direction of wind currents, and so on. Aeroplane 
surveys (see Proctor 1934, 1935, Proctor and Parker 1938) show that bacteria 
in the upper air consist largely of aerobic Bpore-bearing bacilli, and to a muc 
less extent of organisms belonging to the Achromobader , Sarcina, and M ,cr ^ 
coccus groups, suggesting that they are derived mainly from soil and surface us . 
Their numbers are much the same over land and sea (Pady and Kelly a '• 
These organisms can be carried vertically for several miles into the air, an 
is possible that they may also travel long distances horizontally. It is conceiva 
therefore, that certain resistant pathogenic bacteria like the anthrax aci ^ 
and viruses like the virus of foot-and-mouth disease, might be transmits 
one area or country to another, and serve, on again reaching the ground, as m ec^ 
agents for man or animals. There is, however, no evidence to prove t a ^ ^ 
is more than a possibility. On the contrary, most of our observations 
that infective material is seldom carried for more than short distances > 
or that, if it is, it is too diluted to cause recognizable disease. Thoug ^ erC 
trophic bacteria may possibly undergo some multiplication in cloud areas, 
moisture and traces of gases such as NH S and CO* are present, it 
improbable that growth of pathogenic organisms can occur in air. For e ^ 
bacteriologist the importance of the flora of the outside air still remains 
2270 
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bling the essential amino acids but differing from them in that the growth 
accessory substances apparently function in the cell economy as catahsts 
rather than building stones for cell substance proper. The search for such sub- 
stances goes back over many years, even antedating the discovert' of the 
vitamins of mammalian physiology. The great majority of investigations were 
based upon a general type of experiment in which a solution which did not 
support the growth of the bacterium under consideration was supplemented 
by extracts of various plant and animal tissues. Since many of these extracts 
permitted growth in the otherwise inadequate solution, it was assumed that 
they contained active substances which were variously termed biocafalyzers, 
growth hormones and the like. The interpretation of experiments carried to 
this point but no further is exceedingly difficult. In very recent years, however, 
more precise information regarding these substances has become available 
It is of particular interest that the majority of these substances have prosed 
to be identical with various components of the vitamin B complex, suggesting 
a close relation between the metabolic processes of organisms as diverse as 
bacteria on the one hand and mammals and other higher animals on the other. 
It is not inappropriate, therefore, to refer to these substances as bacterial vita- 
mins Other substances required by bacteria and included in this category are 
glutamine, purines such as adenine or uracil, pimclic acid, and others. ’Hie 
requirements of a number of bacteria have been worked out in some detail** 
but it should be noted that there may be, and often is, considerable variation 
from strain to strain of the same species. , 

The first bacterium to be studied in detail in tin's respect was the diphtheria 
bacillus which Mueller 00 found to require nicotinic acid and /J-alanine, the 
latter presumably serving as a precursor of pantothenic acid; some strains 
require pimelic acid. Staphylococcus aureus was similarly studied by Knight 
and found to require nicotinic acid and thiamine and, for anaerobic growth, 
pyruvic acid and uracil had to be supplied. It has been found by others t at 
certain strains require biotin. Similarly, the lactic acid bacteria have been foun 
to require riboflavin, pantothenic acid, nicotinic acid, pyridoxin e and other ’as 
yet unidentified substances, and the hemolytic streptococci must be supphe 
with pantothenic acid, pyridoxine, thiamine, nicotinic acid, glutamine an 
certain purines. j 

In other instances precise study has made possible an understanding ® 
growth requirements already known. Thus, in the case of the hemop 5 1 
organism, the influenza bacillus, it has long been known that tura substance 
present in fresh blood media are required. One of these, the K factor, >s 
heat-stable and associated with hemoglobin, while the other, the V factor^ 
is heat~labi!c and found m yeast and various vegetable extracts as well as i 
blood. It is now known that the X factor may be replaced by hematin an 
V factor by coenzyme I or II. , e 

Other bacteria, however, have much simpler nutritive requirements, 
typhoid bacillus, for example, does not require added growth accessors s 

83 For detailed reviews see Peterson and Peterson Bact. Rev., 1945, 9.49, Koser. A 
Rev. Microbiol , 1948,2.121. 

00 Mueller. Bact. Rev., 1940, 4.97. 

91 Knight: Biochem. Jour.. 1937, 31- 731, 966; ibid., 1938, 32.1241. 
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fallen to any appreciable extent. On evaporation, they become converted into 
what Wells calls " droplet nuclei which behave very much like minute particles 
of smoke. In absolutely still air they fall at the rate of probably 1 to 3 feet per 
hour, but in the ordinary atmosphere they remain suspended almost indefinitely, 

TABLE 182 

Evaporation Time of Water Droplets in Unsatdrated Still Air at 22 9 C 
(Taken from Jennison 1942, modified from WellB 1934) 


Diameter of Droplet In ft. 

Evaporation Time In Seconds 

2,000 

515 0 

1,000 

129 0 

500 

32 0 

200 

52 

100 

1-3 

50 

0 31 

25 

0 03 

12 

0 02 


being dependent for their transportation on air currents. It has been shown 
experimentally that micro-organisms attached to droplet nuclei are rapidly dis- 
persed throughout rooms and even buildings, and are inhaled by anyone breathing 
air containing them (Wells and Wells 1936). 

Trillat(1938) described an interesting experiment in which he atomized one litre of a 
fluid suspension of Chromobacterium prodigtosum in a central court of the Pasteur Institute 
in Pans. A hundred agar plates were exposed for more than 100 metres around. Every 
single plate became infected, even those placed to windward of the court. 

Droplets are also expelled, though in much smaller numbers, during coughing , 
as in a sneeze, the vast majority are not projected more than 2 or 3 feet. In 
talking, particularly in the pronunciation of sharp consonants like p, b, t, f, k and s, 
droplets are often expelled through the teeth ; their average size is larger than 
of those in a sneeze, but their initial velocity is lower, and few travel more than 
a foot. (For photographs of droplet expulsion in a sneeze, see Weyrauch an 
Rzymkowski 1938, Bourdillon and Indwell 1941, Jennison 1942.) 

What proportion of droplets and droplet nuclei contain bacteria, and of t ese 
what proportion are infective, probably varies greatly from patient to patien^ 
Duguid (1946a), who held plates 3 inches in front of the mouth of patients 
a series of six voluntarily produced coughs, found that 39 out of 87 patients suenng 
from scarlet fever or carrying hmmolytic streptococci in the throat expelled l e 
droplets The number of infected droplets varied with individual patients mm 
0 to 400. Of all droplets expelled by the 87 patients, only 10 per cent, con ame^ 
hseraolytic streptococci Similar observations were made on patients affecte wi 
diphtheria and pulmonary tuberculosis. . 

Droplet nuclei are, of course, much smaller than droplets and hence ess o 
contain bacteria ; on the other hand there are far more of them. 

From experiments carried out on patients during sneezing and coughing, Duguid (1®^| 
found that droplets and droplet nuclei ranged from 0 5 to 2,000 ft in diameter, J q g 

being between 2 and 100 ft. Of tiie droplet nuclei proper 97 per cent, were e 
and 12 ft, the commonest being 1-2 ft. Assuming that saliva, which provides 
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which measured volumes of air were drawn through a funnel and allowed to play 
on agar plates One of the simplest and most effective devices for the collection 
and counting of air-borne bacteria is Bourdillon’s slit sampler (Bourdillon et <il 
19 il). In its original form air was sucked through a slit 0-25 mm wide and im- 
pinged on the surface of a rotating agar plate immediately beneath. The rate of 
suction was adjusted to 1 cubic foot of air per minute, and samples of 2-10 cu. ft. 
were collected depending on the bacterial content of the atmosphere. The improved 
model of slit sampler (Report 1948) is now used almost exclusively in Great Britain 
for measuring bacterial contamination of the air. 

Instead of arranging for the organisms to impinge on solid surfaces, they may 
lie collected in broth and the bacterial content of the broth determined by plating. 
An apparatus in which measured volumes of air arc bubbled through broth in a 
flask was described by Wheeler, Foley and Jones (1941) and is sometimes referred 
to as the bead-bubbler device. Other methods, such as the atomizer-bubbler device 
and the aeroscope, making use of the same principle, are referred to in a paper by 
DuBny, Hollaender and Lackey (1945), who made a comparative study of various 
sampling devices for air-borne organisms (see also Report 1948). As a rule counts 
obtained by the impingement method are less than those obtained by bubbler 
devices, because many' of the colonies are derived from groups of bacteria and not 
from single organisms. Passage through broth tends to disintegrate the bacterial 
clumps, though to a very variable degree, and to increase the number of units 
from which colonics may develop. For estimating the particle-size distribution of 
viable air-borne bacteria the method described by Goldberg (1950) may prove useful 

Elliott (1941) devised an ingenious method for enumerating bacteria in the air, 
but so far it has never been properly developed. 

Its essential features are first, the trapping of suspended particles by drawing the 
air sample through a water-vapour mist, and second, the condensation of water on any 
particles left in suspension by cooling the saturated air. This latter principle is derive 
from the Wilson cloud chamber, in which the path of electrons is made visible by depositing 
on them water droplets condensed from a saturated atmosphere by a sudden reduc ion 
in pressure. , 

An electrostatic sampler, depending on the deposition of bacteria according to e 
electrical charge, was described by Luckicsh, Taylor and Holladay (1946). 

For estimating the degree of nasopharyngeal pollution of the air, Gordon 
(1902-03) long ago, in his study of the ventilation of the House of Commons, sug^ 
gested that Str. vnidans should be used, in much the same way as Bad. co 
used for measuring the excretal pollution of water. This suggestion J 5 "® 3 rc '” 
by American workers (Buchbinder et ah 1938, Wells, Wells and Mu 
Williams and Hirch (1950) found that the best method was to collect t ? /i 00 000 
m a slit sampler on 5 per cent serum agar containing 5 per cent, sucrose, / * 

crystal violet and 1/400,000 potassium tellurite. The grow’th of mosts Active 
cocci and micrococci was inhibited on this medium, Sir. salmrim formed auimro 
mucoid colonies, and other streptococci could be identified by suitable .samp o ^ 
colonies. S(r vindans is also useful for testing the efficacy of bacfcerjci a ^ ^ 
designed to destroy potentially pathogenic micro-organisms in the air. coan t s 
sprayed into a closed room, and the disinfection rate estimated by p ® , . JC 

on air collected at measured intervals. The sampling of dust for 
streptococci is described by Williams (19495) 
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media, and cultivation of a chromogenic organism in the presence of dilute 
antiseptics may result in the complete suppression of pigment formation. 
Similarly, the incubation of B. prodigiosum at 37° C. results in cultures which 
entirely lack the brilliant red color characteristic of the organism. As a rule 
oxygen is indispensable to pigment production and most chromogenic species 
yield no trace of pigment when grown under anaerobic conditions. Spirillum 
rubntm, however, which grows well in the presence of oxygen, is said to form 
its red pigment only in oxygen-free media. In the case of some of the chromo- 
gens the presence of certain chemical compounds or elements in the medium 
is essential to, or greatly favors, pigment production. Thus phosphates and 
sulfates have been found necessary for the production of pyocyanin by Ps. 
pyocyaueus , and sodium tartrate has been shown to favor the production of 
pigment by B. prodigiosum. Carbohydrate media (potato, rice and wheat 
starch) often lead to a particularly brilliant chromogcncsis. 

The bacterial pigments arc chemically of diverse nature. Many of the red and 
yellow pigments arc insoluble in water, but soluble in alcohol, ether and 
chloroform, and appear to he lipochromes, a group of fatty pigments widely 
distributed throughout the plant and animal kingdoms; others, like the 
fluorescent pigment, are soluble in water, but not in ether or strong alcohol, 
and may be related to the anthracyanins. Of the bacterial pigments, the 
structure of pyocyanin is known; it has been found to be an entirely new 
type of dye and the first instance of a phenazine derivative occurring in nature. 
The bacteriochlorin found in the purple and green sulfur bacteria appears to 
be closely related to chlorophyll a. 

The relation of many of the bacterial pigments to the physiology of the 
organisms is uncertain. Bacteriochlorin is, of course, responsible for the photo- 
synthetic activity of the purple and green sulfur bacteria. Cytochromes o, 
and c are present in all bacteria except the obligate anaerobes, separately and 
in various combinations, and presumably function as a part of the respiratory 
mechanisms operative during aerobic growth. The presence of cytochrome, 
however, does not impart color to the bacteria. Other pigments such as 
pyocyanin and phthiocol (a yellow pigment of the tubercle bacillus) are 
reversibly oxidized and reduced and may function as hydrogen transport s>s 
terns; there is some evidence that the former may function as an alternativ 
hydrogen transport system to heme systems in azide poisoning nT T he majon y 
of bacterial pigments, however, fall into the group of lipochromes or car 
tinoids, and appear to be physiologically inert. . 

Toxin s. The results of the parenteral inoculation of bacteria free cu 
filtrates into experimental animals must be interpreted with considcra e ca^ 
tion. A great variety of proteins, bacterial and otherwise, yield, on by r0 ) SI ’ 
split products of high molecular weight that are toxic, and the complex arnin ^ 
that may accumulate in the cultures of certain bacteria likewise give rise 
marked symptoms, or even death, when injected intravenously. Some ac > 
however, have been shown to form what arc called true toxins to disting ^ 
them from the non-specific toxicity of the decomposing material present in 
cultures of a variety of bacteria. These toxins diffuse out of the cells an ^j e 
be found in the culture fluid and are, in consequence, also spoken of as 
toxins” or “exotoxins.” They are apparently protein in nature, large mo e 

97 Lichstein and Soule: Jour. Bac£., 1944, 47 : 239. 
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(1941a), who studied the air flora in canteens and hospital wards over a period 
of some months, found that the result of oil treatment of wooden floors was to 
reduce the number of organisms dispersed into the air on sweeping by about 
80 per cent. The oil can be applied to wooden or to linoleum floors, but not to 
rubber, cement, or concrete. A fresh application has to be made every 6 or 
8 weeks. 

Observations by van den Ende and Spooner (1941), however, showed that, if 
bacterial contamination of the air in hospital wards was to be adequately con- 
trolled, treatment of the floor alone was insufficient. The bedclothes, particularly 
the blankets, which constituted the source of the dust, had to be treated too. It 
proved possible to do this by soaking them in 30 per cent, liquid paraffin in “ white 
spirit ” followed by removal of the excess in a hydro-extractor (see van den Ende, 
Edward and Lush 1941). Woollen materials retained about 2-5 per cent, of their 
weight of oil, and cotton materials about 6-5 per cent. ; they were not perceptibly 
oily to the touch. In thi3 way the heavy contamination of the air that normally 
accompanies bedmaking was avoided. Further work by van deu Ende and Thomas 
(1941) showed that liquid paraffin in white spirit could be replaced by technical 
white oil emulsified very finely in water by means of suitable wetting agents, 
which had the advantage of imparting bactericidal activity to the bedclothes. 
The use of these oil-in-water emulsions resulted in a 99 per cent, reduction in the 
number of organisms liberated during bedmaking. (For technique of laundering 
garments with oil, see Harwood ct ah 1944, Puck ct al - 1946, Leslie 1953.) In 
practice, Wright, Craickshank and Gunn (1944) found that in order to control strepto- 
coccal cross-infection. in measles vrards it was essential to oil not only the floors but also 
the bedclothes, sleeping garments, towels and similar articles. When this was done, 
a substantial reduction in the cross-infection rate and in the middle-ear complication 
rate was effected. The experience, however, of most other workers in wards and 
barracks has not been so encouraging. There is general agreement that the thoroug 
oiling of floors and bedclothes lowers both the general and the hiemolytic strepto- 
coccal content of the air considerably, but that it has little effect in diminishing t e 
respiratory or the wound cross-infection rate (Report 1946, Begg et al. 1947, cc 
meistcr and Greenspan 1947, Rountree 1947). The conclusion has in fact een 
drawn that epidemic respiratory disease is spread more by droplets and rop e 
nuclei than by dust, though further observations will be required before t is can 
be accepted. 

Ha-ndkpr chiefs are often heavily contaminated with bacteria. Dumbell, Lovelock ^ 
Lowbury (1948) found that by gentle shaking about 16,000 particles could e * . 
into the air. As the average diameter of these particles was 20 p, they were a e , «g cu it 
many bacteria. What part the handkerchief plays in the spread of infection is ^ 
to determine, but investigations in progress with the use of medicated han ere 
not suggest that it is great. 

Droplet-borne Infection. — It is clear that no method of chemical disinfect ^ 
of the air can control droplet-borne infection. Even good ventila ion 
prevent the direct passage of droplets from one person to another. ^posed 
means alone, such as face masks worn either by the patient or bj e ^ 
persons or by both, afford hope of interfering with the direct exchange ^ 
respiratory flora. As demonstrated by actual photographs, masks ma e . 

alone are not completely impermeable to the droplets expelled during s 
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in contrast to chemical air disinfectants, ultraviolet radiation is most effective at 
low relative humidities {Report 1948). 

2. Disinfectant Sprays and Vapours .— In the early days of antiseptic surgery 
Lister introduced a carbolic spray to sterilize the air over the wound. It is doubtful 
how far it was effective. Hewlett (1939), for example, found that to kill typhoid 
bacilli on paper slips, it wag necessary to vaporize 35 gm. of phenol per 1,000 cu. ft. 
of air, and even then an hour’s exposure had to be allowed. It is probable that, 
had the bacilli been atomized, a lower concentration of phenol for a shorter time 
would have proved effective; but since more powerful germicides than phenol 
are now known, the interest of the carbolic spray is mainly historical. 

Though sulphurous acid and formalin vapours were used for terminal dis- 
infection in isolation hospitals and sick-rooms, littlo progress in the destruction 
of bacteria in the air of occupied rooms appears to have been made till Douglas, 
Hill and Smith (1928) showed that it was possible to bring about the rapid death 
of Bad. coli in the atmosphere by means of a sodium hypochlorite solution sprayed 
into the air in very high dilution. In spite of this impressive result, no general 
interest in the possibilities of aerial disinfection was aroused till the publication 
of Wells’s papers in 1934 and 1936 on the nature and significance of air-borne 
bacteria in the causation of respiratory disease. In 1938 appeared Trillat’s paper 
on bacterial aerosols, and Masterraan’s paper on the purification of the air of 
inhabited rooms by a hypochlorite spray. Since then, intensive study has been 
devoted by several workers to the problem of finding a suitable chemical agent 
for disinfection of the atmosphere. Some of the more promising substances may 
be referred to here. 

(a) Sodium hypochlorite Masterman (1938, 1941) found that a reduction °f over 
99 per cent in the bacterial content of the atmosphere could be brought a ou 
by atomizing 1 gm. of a 1 per cent, sodium hypochlorite solution in 40,000,000 m . 
of air. Evidence suggests that, so far as bacteria of nasopharyngeal origin are con 
ccrned, such a high percentage reduction could hardly be expected. 


Andrcwcs (1940) states that 5 ml. of a 1 per cent, hypochlorite solution were req 
to kill rapidly 95 per cent, of streptococci suspended in tho air of a room o a ou • 
cu. ft. capacity ; this gives a concentration of only 1 in 6-7 million. ^* u a . , . 

made similar observations. Bourdillon, Lidwell and Lovelock (1942) foun » ^ 

of 1 per cent, sodium hypochlorite solution per 1,000 cu. ft., i.e. 1 m 13 m o , ^ 

almost all tho bacteria projected into the air by sneezing in 3 to 4 minu cs. 

(1943) observed a reduction of about 33 per cent, of the aerial bacteria, as mea 

the slit sampler, after spraying a room with 1 per cent, hypochlorite so u 1 ^ 

portion of II ml. to 1,000 cu ft., i e. a concentration of only 1 » ( 

and Lidwell (1943), using hypoclilorous acid gas, found it necessary^ o use a ,.„j P3 

centration of 1 in 800,000 to destroy 9C . ■ _ . n t 

Nevertheless, it is clear that sodium 

action on most non-sporing pathogenic bacteria. 

The effective concentration of sodium hypochlorite is influenced by a nu ^ 
of factors. A low relative humidity and p ‘ * content of or ° a *“ c 
air are both unfavourable. So also is ' ^ of phenol 

H0C1 attacks metal, and is decomp ■ * ™ a , c ^’ “ 

should not be used nor should the sol . - 0 . Q 

rubber or wool. Hypochlorite spra,. . , 

certain electrical erv' \ such e- 


in the 
vapour. 

, 7 s 

with 
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culture is the exception rather than the rule. Actively decomposing organic 
matter, for example, contains a great number of bacteria! species, and a dis- 
eased animal may, and usually does, harbor a variety of microorganisms. The 
responsibility for a given phenomenon has, in many cases, been fixed upon 
but one kind of bacterium present in the naturally occurring mixture, the 
remainder having no apparent significance. The great majority of infectious 
diseases are phenomena of this type , and it is possible, therefore, to speak of a 
given bacterium as the causal or etiologic agent of such a disease. Similarly, 
one microorganism may be shown to be responsible for one kind of fermenta- 
tion while another takes place as the result of the activity of a quite different 
bacterium. Modern bacteriology clearly rests upon the generalization that may 
be made from these facts, the concept of specific microbial etiology. But is this 
the whole story? It may be asked, first, whether the microorganisms present 
in a mixed culture arc passive with respect to one another or whether one 
species is affected, cither adversely or favorably, by proximity to other actively 
metabolizing forms ; and, second, whether or not a given phenomenon for 
which no single species can be shown to be responsible may result from the 
combined activities of a heterogeneous group of bacteria. 

Beneficial Associations. With regard to the first of these questions, 
bacteria have been found to exhibit the various degrees of relationship known 
to exist among the higher forms of life. Examples of symbiosis, a relation in 
which there is mutual benefit, are rare among the bacteria, but metabiosis or 
commensalism, in which one member benefits while the other is unaffected, 
is commonly observed. Perhaps the most obvious example is the growth or an 
obligate anaerobe in mixed culture tvith an aerobic organism. The latter uses 
up the oxygen in the immediate vicinity, thereby allowing the anaerobe to 
develop. Sporulatmg anaerobes are sometimes carried in culture with a non- 
spore-forming aerobe, for subsequent separation by heat is readily accomplished. 
In the breakdown of cellulose in the soil, the preliminary hydrolysis by the 
cellulose-decomposing bacteria yields glucose which may be utilized by a va 
rietv of organisms present which are unable to bring about the initial hydrolysis* 
Similarly, the hydrolysis of protein material by proteolytic bacteria li Derates 
ammo acids which may be further decomposed by non-proteolytic forms 
Bacterial Antagonisms . 00 Bacterial antagonism or antibiosis is also ® 
common occurrence. Fermentative and proteolytic types of bacteria genera > 
do not prosper equally well in mixed culture. As pointed our previously, t e 
bacterial proteases are for the most part tryptic in nature and work best ' ^ 
alkaline environments. The acid reaction resulting from the fermentation 
carbohydrate is distinctly inhibitory to these organisms, a fact which has c 
the basis of attempts to replace the proteolytic flora of the large intestine u> 
an aciduric flora consisting of organisms such as Lactobacillus aetdop u » • 
The formation of ptomaines or complex amines, whose absorption presume ^ 
leads to “autointoxication,” by the proteolytic organisms is thereby suppress 
or prevented. Numerous other examples of bacterial antagonism have ^ 
reported, many of them apparently somewhat more specific than acid in i 
tion. The well known overgrowth of the diphtheria bacillus by Staphy oco 
09 Wales man Microbial Antagonisms and Antibiotic Substances. Commonwealth F u ° 
New York. Revised edition, 1947, 
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from these findings. Observations carried out in dormitories of barracks for naval 
recruits over a period of 6 months showed that saturation of the air with triethylene 
glycol, though greatly reducing the number of air-borne bacteria, was ineffective 
in preventing influenzal, streptococcal or other acute respiratory infections (Report 
1952). Experience of the use of this substance in infants’ wards at the Johns 
Hopkins Hospital was likewise disappointing (Loodi ct al. 1947). 

(if) Other Substances. — Lovelock, Lidwell and Raymond (1944) suggested the 
use of hydroxy-acids as aerial disinfectants, and claimed considerable success for 
lactic acid. This substance can be vaporized by dropping a solution on to a hot 
plate, and the vapour proves bactericidal in a concentration of 3 5 mgm. per cubic 
metre. Ozone in concentrations tolerable by the human respiratory tract has little 
or no bactericidal activity under practical conditions (Elford and van den Ende 
1942, Ingram and Haines 1919). Balsamic smokes were investigated by Twort and 
Baker (19 10). They noted that smoke given off by smouldering cardboard, tobacco, 
and incense was germicidal. Incense was the most effective ; 1 part in ICO million 
of air destroyed salivary organisms within 15 minutes. 


The mode of action of the vaporized disinfectants is subject to controversy. 
According to Trillat (1938), Pulvertaft and Walker (1939), and Twort and his 
colleagues (1940), atomized disinfectants exert their action in the form of minute 
droplets — hence the term aerosol coined by Trillat — which come into contact 
with the suspended bacteria. Other workers maintain, on the contrary, that 
they act as simple gaseous disinfectants. Masterman (1941), for example, points 
out that minute droplets of the size postulated by Twort, namely 0-4-1-0 m 
diameter, would evaporate in a fraction of a second (see p. 2273), and would there- 
fore no longer be in the aerosol or mist form. He brought evidence to sugges 
that the disinfectant action of sodium hypochlorite was due to gaseous hypochlorous 
acid set free by the carbon dioxide in the air. Similarly there is reason to be ieve 
that propylene glycol acts essentially in the gaseous form. Vaporization o * 
substance by heat is just as effective as spraying it in the form of a mis (se 
Robertson, Bigg, Ruck. Miller and Baker 1942) Moreover, calculation shows a 
the maximum number of contacts possible between the disinfectant and the ac ri 
droplets is insufficient to account for the extreme rapidity of sterilization 
as the disinfectant is present in the form of an aerosol. If, however, e a 
droplets are assumed to evaporate almost at once, then sufficient molecu e3 g 
will be liberated within 2 or 3 seconds to produce a lethal concentration o P r 
glycol in the bacteria-containing droplets. This explanation is also in aCC ® ^ 
the observation that, in the form of a liquid, propylene glycol has a ' ^ 

bactericidal action, whereas in vaporized form it is among the mos aC .j c aduw 
mfectants known (see also Puck 1947). The term aerosol is somewhat mi 
and should probably be reserved for minute droplets of oily su stances 
not evaporate in the atmosphere. For a discussion of the theoretics atK { 

underlying aerial disinfection, the reader is referred to papers by uc 


Nash (1951) and Report (1948). . t . n t vapours 

It may be mentioned that both to ultraviolet light and to disi _ . org&°' 
Gram-negative bacilli are more susceptible than Gram-positive cocci , ^ 

isms of whatever nature are harder to kill when dried on to par ^ _ or tio» 
than when present in the form of droplet nuclei ; and that a varying 
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The Antibiotic Substances. 102 Investigation of antagonistic micro 
organisms has shown that m many instances the antagonistic effect is due to 
the activity of a substance formed by the antagonist which is toxic for the 
affected bacterium. These substances have been termed antibiotic substances or 
antibiotics by Waksman. Such substances have been known for many years, 
the first, pyoeyanin, having been isolated by extraction of “blue pus” in 1860 
before the causative bacterium, Pseudomonas pyocyaneus, was discovered. 
Many others are now known. In general they are more effective on gram-posi- 
tive bacteria, and differ from one another with respect to their relative toxicity 
for various species of bacteria. Their chemical properties indicate that they are 
of diverse nature, including polypeptides, sulfur-containing compounds, lipids, 
pigments, quinoncs and organic bases. Some have been prepared in crystalline 
form and in a few cases the structure is known. These substances have become 
of greatly increased interest in recent years since it has been found that, while 
some are highly toxic to man, others are effective chemotherapeutic agents 

Antibiotic Substances from Bacteria, pyocyanin and pyocyanase. The best 
known antibiotic substances of bacterial origin are those produced by Pseudo- 
monas pyocyaneus and by aerobic sporulating bacteria of the genus Bacillus 
Ps. pyocyaneus forms two substances having antibiotic activity, the chloro- 
form-soluble phenazine compound pyocyanin, and a substance known as 
pyocyanase, which appears to be a lipid, whose activity is associated with the 
presence of unsaturated fatty acids in the molecule. A third substance which 
also shows activity may be isolated by ether extraction; this is a yellow pigment, 
hentipyocyanin, and a derivative of pyocyanin. These substances are all rela- 
tively toxic to higher animals. 

tyrothricin. An alcohol-soluble, water-insoluble polypeptide having anti- 
biotic activity, which be named tyrothricin, was isolated by Dubos 1 '’ 3 ‘ rorn a 
gram-positive aerobic sporulating bacterium, Bacillus brevis. Further investiga- 
tion made possible its separation into two components, gramicidin and 
cidht , of somewhat different properties though both contain unnatura 
amino acids of the d scries. Gramicidin is a large cyclopeptide containing rela 
lively large amounts of tryptophane and is effective only on gram-posith e ac- 
teria. A very similar substance, gramicidin S, is formed by a thermop 1 lC 
variety of B. brevis which differs in that it has considerable activity against 
gram-negative bacteria and is a cyclopeptidc hydrochloride with one *ree amino 
group, no free carboxyl and one hydrochloride residue, made up o on 
residue each of /-ornithine, /-proline, /-valine, /-leucine and d-phenylana me. 
Tyrocidm is active against both gram-positive and gram-negative bacteria i 
vitro, but its activity is almost completely inhibited by serum proteins e * . 

antibiotics are surface-active substances and their antibacterial activity is pe 
haps attributable to their destructive effect on the cell wall of the bacterium^ 

bacillus subtilis antibiotics. A number of antibiotic substances a' 
been isolated from strains of B. subtilis which vary somewhat in their P r0 P^J^ 
and antibiotic activity, though all appear to be polypeptide in nature.. 
tilin is effective chiefly on gram-positive bacteria and certain of the aci 

res See Benedict and LanglyUce: Ann. Rev. Microbiol., 1947, H93, atl 

Cavallito- i bid., 1948, 2:143 

los Dubov Jour. Exp Med., 1939, 70.1. 
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CHAPTER 92 


THE BACTERIOLOGY OF WATER, SHELL-FISH, AND 
SEWAGE 


WATER 


Bacterial Flora in Water. 

It is convenient to divide the bacteria found in water into three groups: 


A. Natural Water Bacteria. 

In this group are included those organisms that are commonly found in waters 
free from gross pollution. They may be subdivided as follows : 


Bacilli, 


(1) Fluorescent I 

(2) Chromogenic 


Gelatin liquefied. Ps. fluorescens-liquejaciens. 
Gelatin not liquefied. Ps. Jluorescens-non-Uquefaciens. 
/Red pigment. Chr. prodigiosum, Chr. indicum. 
Orange „ Chr. aurescens. 

Yellow „ Chr. ockraceum. 

VViolet ,, Chr. violaceum. 


( These organisms belong mainly to the Achromobacler 
group. They are sometimes divided up according to 
their reactions on gelatin and milk ; but they have 
so far not received sufficient study to render their 
uvu-buiuuivgeiuvi classification possible. Gram-positive, spore-beanng 
I aerobes, which produce acid and gas in lactose, a PP ear 
I to be not uncommon (Greer 1928, Porter et al. 1 1* 

Members of the coli-typhoid group are not natural 
' inhabitants of entirely unpolluted waters. 

Cocci. 

(1) Chromogenic. Generally yellow pigment formed. 

(2) Non-chromogenic. M. candicans , M. aquatilis, M. coronatus. 


Sarcincc. 

Chiefly Sarcina lutea. 


B. Soil Bacteria. . 

These organisms, though not normally inhabitants of water, are freq ue 
washed into it during heavy rains. Most of them belong to the group of 
spore-bearing bacilli, such as B. subtilis, B. megaterium, and B mycoidei. 
such as Bad. aerogenes and Bad. cloaca:, which may be found on grain* 
and decaying vegetation, and which . ■ ■ ’ ■ " ch 

are aerobic non-sporing bacilli. By . 
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streptomycin. Streptomycin was also isolated by Waksman from A. griseus. 
It is very similar to streptotbricin but somewhat more active. It has been in- 
vestigated more fully than any other antibiotic except penicillin, in part because 
its low toxicity and high activity gave therapeutic promise, and in part because 
its action on gram-negative bacteria supplements, so to speak, that of penicillin 
on gram-positive forms. On hydrolysis it yields a basic compound, strept/dine, 
and a disaccharide, streptobiosamine. The latter consists of N-methyW-glu- 
cosamine and a sugar, streptose. The structures of streptidine and N-methyM* 
glucosamme have been established, but that of streptose and the points of 
attachment of the three are as yet uncertain. The accompanying formula is 
that suggested by Kuehl el r/J. lor> The activity of streptomycin is somewhat less 
than that of penicillin on a weight basis, is defined as that amount inhibiting 



the growth of a test strain of Bad. colt, and is assayed in a manner similar to 
penicillin (see below). There is some tendency to speak of the unit as a micro- 
gram, giving the somewhat disconcerting measure of potency of a given prep" 
aration as, say, 750 pg. per mg. The mechanism of action of streptomycin is 
almost completely unknown other than that it is essentially bacteriostatic in 
therapeutic concentrations. Of the respiratory reactions only the aerobic offla- 3 ' 
tion of glycerol is inhibited. It is reversibly inactivated by reduction but there 
is no evidence that it interferes with the functioning of thiol groups in t e 
bacterial cell. It has proven an effective chemotherapeutic agent in certain m 
fections such as tularemia, hut must be given in large doses because the bac- 
teria become drug-fast very quickly. 100 ‘ . . 

Some other antibiotics are formed by actinomycetes. Proactinomycin, io rme 
by Nocard i a gardnen , is similar to penicillin but somewhat more stable an 
more toxic. It has been found to have chemotherapeutic activity m 
mental streptococcus infection of the mouse. Nocardsne from Nocaraiacoe me 
has some antibiotic activity' against the tubercle bacillus, but only small c ern 
therapeutic activity An antibiotic very similar to, arid thought by to 
identicai with, streptomycin, and designated streptin is produced by ctnt 
w} ces sp. ^ 

105 Kuehl, Flynn, Brink and Folkers Jour. Amer. Chem. Soc., 1946, 68:2679. ^ ^ 

iO'* Sec the review of streptomycin therapy by Keefer et at.: Jour. Amer. i* 

19-16, 1 32*70, 
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the greatest numbers of organisms in rain are found during the dusty months of 
June, July, August, and September. Montsouris is situated on the outskirts of 
Paris ; in the centre of the city the air was found to contain 6,040 bacteria per 
cubic metre, and the rain 19,000 bacteria per litre. 


TABLE 185 



Bacteria per cubic 
metre of Air at 
Montsouris. 
Average lor 10 Years. 

Bacteria per litre of 
Rain Water at 
Montsouris 

Average for 2 Years, 

January 

ICO 

8,000 

February 

145 

1,320 

March 

225 

2,920 

April 

310 

2,140 

May 

305 

2,440 

June 

355 

5,600 

July 

4G5 

5,600 

August 

455 

8,300 

September 

310 

5,770 

October 

190 

3,220 

November 

195 

3,250 

December 

165 

4,330 


Mean 275 

Mean 6,300 


In the open country the organisms may not exceed 10 or 20 organisms per 
litre of rain. 

(6) Snow . — This tends to be less pure than rain, probably because the snow- 
flakes have a greater surface on which to collect suspended particles in the atmo 
sphere ; and also because their low temperature conduces to the survival of bacteria. 
In snow situated on the tops of high mountains, where it will be remembered t a 
Pasteur found the air to be practically sterile, there are hardly any organisms. 

(c) Hail — Curiously enough, hail contains more bacteria than either rain or 
snow. Belli (1902) examined hail that fell in Padua during July, 1901, and oun 
no fewer than 140,000 organisms per litre. Examination of the bacteria s owe 
that they belonged to nine different types. During the formation of hai , itseems 
probable that rapidly ascending currents of air carry the raindrops up in ° 
region of the atmosphere where they arc solidified ; falling down they are me j 
and again swept upwards and frozen. After they have been frozen and t 
number of times the hailstones are thrown out on the periphery of the storm cC 
and finally come to earth (Mason 1902). It is suggested that the air curren 

up to the cloud region quantities of dust, which is thus incorporated in ® ^ 

It is difficult to explain otherwise the presence in it of vegetable ce s, a 
fluorescent and soil bacteria. , . a j er 

(d) Ice . — The number of organisms in ice depends on the nature o c ^ 
from which the ice is formed. With the exception of tho ice of g 
generally impure. Its low temperature is favourable to the surviva o 
bacteria; hence ihe self -purification that occurs in waters on 8 0 f j ce , 
hardly at all, or very slowly, in ice. For a short review on the bacteno g) 


see Jensen (1943). 

(e) Shallow Wells . — If protected from contamination 


in the immediate vicmitj 
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from that in surface waters ; the organisms develop slowly at room temperature, 
there aro few liquefying colonies, and chromogcnic organisms are relatively 
numerous (Prescott and Winslow 1913). 

B. Nutrition. — The amount of available food supply is probably the most 
important factor of all in determining the number of bacteria in a given water. 
When organic matter is plentiful, organisms abound ; when it is scarce they are 
few, and tend to die out. 

C. Temperature. — The effect of temperature varies with the amount of organic 
matter present A rise of temperature in a water containing an ample food supply 
for the bacteria causes them to multiply rapidly : but when the organic matter 
is small in quantity, a rise in temperature has the reverse effect ; this is probably 
due to early exhaustion of the food supply, and the consequent diminution in 
rate of multiplication of the bacteria. 

A low temperature, independent of the amount of organic matter present, 
favours the survival, though not the multiplication, of bacteria. Houston (1913) 
added typhoid bacilli to raw Thames water, and maintained the samples at 


•TABLE 186 

Influence of Temperature. (Houston 1913.) 


■ 

Degrees. 



No of Bacilli per ml. surviving after weeks. 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

s. 

9 

0° C. . . 

47,706 

980 

66 

34 

3 

3 

o 

1 

00 

6° C. . . 

14,894 

26 

G 

3 

03 

01 

00 


— 

10° C. . 

69 

14 

3 

03 

00 

— 

— 


— 

18° C. . . 

39 

3 

04 

00 



— 

— 

— 

— 

27° C. . . 

19 

01 

00 




— 

— 

— 

— 

37° C. . . 

5 

00 


— 

— 



- 



temperatures varying from 0° C. to 37° C. The initial number added was 
103,328 per ml. of water. Table 186 shows how much more rapid was the 
death of the organisms at 37° C. than at freezing-point. Hamilton (1935), who 
made observations on the Whangpoo river, found that in the short run from 
Shanghai to Woosung there was a diminution of 16 per cent, in the colon bacteria 
during the winter months, and of no less than 97-99 per cent, during the summer 
months. 

D. Light. — It has been asserted that the ultraviolet rays of the sun play an 
effective part in destroying micro-organisms in water. Procaccini (1893) place 
drain water, from which the coarser particles had been removed, in glass cylinders 
50 cm. deep, and exposed them for 6 hours to the Italian sun in June. A contro 
cylinder was protected from the light (Table 187). The water in the expose 
cylinder was practically sterilized ; that in the protected cylinder containe 
rather more organisms than at the start of the experiment. . 

It would appear that under laboratory conditions the actinic rays of the s ^ 
may exert a bactericidal effect. In nature, however, the conditions are a! ew • 
One of the main factors hindering the rays is the opacity of the water, w 
prevents their penetration for more than a short distance. Even in clear wa 
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streptomycin. Streptomycin was also isolated by WaUman from A. grisejis. 
It is very similar to streptothricin but somewhat more active. It has been in- 
vestigated more fully than any other antibiotic except penicillin, in part because 
its low toxicity and high activity gave therapeutic promise, and in part because 
its action on gram-negative bacteria supplements, so to speak, that of penicillin 
on gram-positive forms. On hydrolysis it yields a basic compound, streptidine, 
and a disaccharide, streptobiosamme. The latter consists of N-methylTglu- 
cosamme and a sugar, streptosc. The structures of streptidine and N-methyl-l- 
glucosamine have been established, but that of streptose and the points of 
attachment of the three are as yet uncertain- The accompanying formula is 
that suggested by Kuehl et al. 10S The activity of streptomycin is somewhat less 
than that of penicillin on a weight basis, is defined as that amount inhibiting 


NH 


OH 

1/ 

C 

/ \ !! 
HOCH CH.NH.C.NH* 
I { 

HOCH CHOH 
\ X 
CH 
1 

NH.C.NH, 

II 

NH 

slreplidine 


— CH— 

1 


HCOH 

HOCH 




H*O.CH- 

1 

CH 

! 




CHjOH 


N-mcthyl-l-glucosam ine 


HQC.CHO 

L— 

! 

CH, 


* possible point of 
attachment of streptidine 


streplose 


the growth of a test strain of Bnct. coh, and is assayed in a manner similar to 
penicillin (see below). There is some tendency to speak of the unit as a micro- 
gram, giving the somewhat disconcerting measure of potency of a given prep- 
aration as, say, 750 pg. per mg. The mechanism of action of streptomycin ts 
almost completely unknown other than that it is essentially bacteriostatic m 
therapeutic concentrations Of the respiratory reactions only the aerobic oxiaa 
tion of glycerol is inhibited. It is reversibly inactivated by reduction but there 
is no evidence that it interferes with the functioning of thiol groups in t^ e 
bacterial cell. It has proven an effective chemotherapeutic agent in certain in 
fections such as tularemia, but must be given in large doses because the bac 
tcria become drug-fast very quickly. 30 ** ' . . 

Some other antibiotics arc formed by actinomycetes. proactinomycin, iorme 
by Nocnrdm gurdneri, is similar to penicillin but somewhat more stable an ^ 
more toxic. It has been found to have chemotherapeutic activity in expen 
mental streptococcus infection of the mouse. Nocardine from Nocar dio coc tac 
has some antibiotic activity against the tubercle bacillus, but only smalt c ern 
therapeutic activity. An antibiotic very similar to, and thought by some to 
identical with, streptomycin, and designated streptm is produced by fle *« 
ntyces sp. . 

los Kiiohl, Flynn, Brink and Folkers- Jour. Amer. Chem: Soc., dS.-2679. 

ioo 5 ^. t he review of streptomycin therapy by Keefer et «h: Jour. Amer. i 
1936, 132.70. 
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between the amount of dissolved oxygen in lake water and the bacterial content; 
but other factors may possibly have obscured the effect. 

H. Protozoal Content.— Huntemiiller (1905) showed that flagellates contribute 
notably to the extermination of bacteria in water. River water naturally polluted 
by bacteria, or suspensions of Salm. typhi, could be cleared in 4 days if flagel- 
lates — Bodo saltans or Bodo ovatus — were added (see also Kyriasidcs 1931). Stobvis 
and Swcllengrcbcl (1911) demonstrated a similar action by infusoria— Colpoda 
cucullus. The bacterial destruction was preceded by a rise in the number of protozoa 
in the water, and was probably due to active ingestion, though this was not demon- 
strated conclusively. Aerobic conditions and a temperature between 10° and 30° C. 
were essential. Ivonig (quoted from Thresh and Beale 1925) found that in 1 ml of 
water from a well at the Hygienic Institute of Munich 21 million added typhoid 
bacilli perished in 21 hours. This he attributed to the action of protozoa. In pure 
water the death-rate in this time was trifling. Increasing attention is being paid to 
the action of predatory plankton in the self-purification of naturally polluted waters 
(Butterfield et al. 1931, Hoskins 1935). By keeping the bacterial population below 
the saturation point, it is suggested that the plankton favours the continuous 
multiplication of bacteria in the water, which results in its turn in a progressive 
oxidation of organic matter. 

I. Rainfall. — The effect of rainfall on the bacterial content of a water is com- 
plex. Ram falling after a drought washes large numbers of soil organisms into 
the water, and hence increases the numbers of bacteria. If the rain continues 
for some days, fewer organisms may be carried in during the later period of rainfall 
so that the stream is diluted with water purer than its own ; its bacterial content 
therefore decreases. A pure stream may be contaminated by rain : an impure 
stream may be benefited by dilution. As a rule, rivers and upland surface waters 
contain their greatest numbers of bacteria after heavy rainfall. In Lake W *nder- 
merc Taylor (1910) observed a close association between the periodic fluctuations 
m bacterial content and the amount of rain that had fallen m the drainage area 
during the previous week The effect is ascribable not only to the influx of organ 
isms, but to the addition of nutritive substances, and to the increased oxygenation 
resulting from the beating effect of the rain upon the surface of the water. 

J. Season. — The monthly variation in the bacterial content of waters depends 
chiefly on the temperature and the rainfall. In this country, the highest coun s are 
generally found in the winter months, when the temperature is low and the rain 
greatest. Rivers show more variation than upland surface waters (Tables a 
189). The Thames in winter is swollen by heavy rain, and the quality deteriora^ 
in consequence of the scouring effect over the whole drainage area. In 
many sources of pollution have dried up, and much of the water in t c m 
virtually stored or filtered water, derived from underground sources o sU PP ’ 
hence the bacterial content falls (Houston 1917) In upland surface wa 

in the bacterial content is not infrequent during July and August , the exp a ^ 
of this is not clear, but it seems not unlikely that it is the result of < us at 
washings carried m by the summer rains (see Table 189). snows 

In countries in which the water supply is augmented by me '"fg water 
the bacterial content rises considerably in spring time. O s l° \ 

supply from a lake about 160 metres above sea level. Daring mos o rJ - s j n g 
Schmelck (1888) found that the number of organisms per ml. was 0 * 
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prevents the excess distribution of n bad supply on any one day. Even in a 
river, the water may not be homogeneous ; samples taken from one side may be 
different in their bacterial content from those taken near the other side (see 
Table 191). In a reservoir, whether natural or artificial, a greater degree of homo- 
geneity is attained. (3) Devitalization : the organisms die in large numbers, 
probably from lack of food supply, and ingestion by protozoa. Houston added 
cholera vibrios to raw river water, and found that after l week’s storage their 
numbers had been reduced by 99*9 per cent . ; after 3 weeks they could not be 
isolated even from 100 ml. of water. Tabic 190 shows the effect of storage on the 
London water. 

The reduction occurs not only in pathogenic organisms and Bad. colt, but in 
organisms of all sorts, though not always equally. Houston states that even 
1 week’s storage would be more efficacious, in reducing the initial numbers of 
typhoid bacilli or cholera vibrios in a water, than sand filtration. It should be 
remembered that pathogenic organisms usually survive longer in pure than in 
impure water, and therefore pollution of purified water in reservoirs and water 
mains should bo guarded against very carefully (E. W. Taylor 1949). 


TABLE 190 

EffKct of Storage. 1007-08. Average Results. (Houston 1013.) 
Bacteria per ml. 



Gelatin, 
20*-22* C. 

Asnr, 

37-C. 

No of Sample* 
with Bad. eoh 

In 001 ml. 

River Thames before storage 

4,405 

280 

10 1% 

River Thames after 15 days' storage at Chcl- 

208 

44 

M% 

Reduction 

95-3% 

84-3% 



It is probably owing to storage that lake waters are so much purer than e 
streams that feed them. Some rivers with a very low gradient may offer con ltions 
suitable for sedimentation. 

L. Filtration. — Natural filtration occurs on a large scale, resulting in the accumu^ 
lation of the underground deposits of water that are tapped by deep we s an 
main springs. Its efficacy in the removal of bacteria depends on the nature o 
soil, and the depth of the strata penetrated. In loose, porous soils . a 8*®®, 
depth must be traversed to ensure the same degree of purification that is a ^ 
by filtration through a more compact soil. Evidence suggests that, in a ^ 
moderate density, the greater part of the bacteria are removed in the rs 
15 feet. This is the reason why deep well water is so pure. . , t0 

Artificially, sand filtration is used to remove bacteria from water in or j on 
render it potable. Houston (1913) finds that this process, which m j c . 
water follows storage for 30 days, removes 98 per cent, of the residua a 
Id. Other Factors. — It is known that certain rivers have a hacterici ® e ^ at 
on some of the intestinal organisms. Thus Arloing and Serape (192 ) 8 . 

the water of the Saone inhibits the growth of Bad. coli but not of a * 

The water of the Isere inhibits the growth of Saltn. paratyphi A ■ the 10 ^ j925, 
typhi ; and the sea at Havre Shigella dysenterice (Arloing and Chavanm. 
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to divide, and it is generally believed that some process or processes of cell di- 
vision are affected. There is, however, no evidence as yet as to the nature of its 
action with respect to the physiology of the bacterium. It is inactivated by an 
enzyme, penicillinase, which is produced by a wide variety of microorgan- 
isms.! 09 It is a highly effective chemotherapeutic agent, especially in staphylo- 
coccus and streptococcus infections and certain other diseases such as gonorrhea 
and syphilis. 

Standardization. The antibiotic activity of penicillin is assayed by inhibi- 
tion of growth of standard strains of staphylococci. Growth may be measured 
by the turbidity of developing broth cultures, but the most commonly used 
method is that developed by the Oxford group and makes use of inhibition of 


THE NATURALLY OCCURRING PENICILLINS 


Name 

Synonym 

Source 

R 

penicillin F 

j penicillin I 

P. notation 

P. chrysogenum 

CH,CHjCH=CHCHr 

dihydro F penicillin 

gigantic acid 

A . giganleus 

CHjCHjCHjCIIiCHi" 

flavicin 

flavicidtn 

F type 

A . Jlavus 

CHiCH—CHCH.CHr 

penicillin G 

penicillin II 

P. notation 

P. clirysogenum | 

O c - 

penicillin X 

penicillin III 

P. notation 

P. chrysogenum 

.O'" 

penicillin K. 

penicillin IV 

P. notation 

P. chrysogenum 

CH,CHtCHiCHiCH.CHjCHr 


growth on agar media. It consists of the inoculation of an agar p*ate so t a 
uniform film of growth will develop; small cylinders of glass or porce am 
set end down on the inoculated surface. One is filled with standard P enicl . > 
solution which contains one Oxford Unit per milliliter, and the ot ers ' ^ 
varying dilutions of the unknown. After incubation there is a clear zone 
growth inhibition around the cylinders, about 24 millimeters in ! ai ? e *i en 
the case of that containing the standard solution. The Oxford Unit is, ’ 
defined as "that amount of penicillin which when dissolved in 1 m • 0 ' . 

gives the same inhibition (i.e., area) as this standard.” An Internationa ^ 
has now been adopted 110 which is defined as the activity of 0.6 micmgt _ ^ 
the pure crystalline sodium salt of penicillin II or G, a quantity o 
available as a standard. 111 This unit closely approximates the U or 

ioo See the discussion by Woodruff and Foster: Jour. Bact., 1945, 49.7. 
no League of Nations, Bull. Health Organization, 1945-46, 12: 181 . Hunt« 

111 The method of assay used by the Food and Drug Administration is gi 
and Randall: Jour. Assn. Offic. Agr. Chem., 1944, 27:430. 
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Public Health Association (19366) in the United States have each described standard 
methods for its performance, to which reference should be made by those desirous 
of further knowledge. Great attention has to be paid to the sampling of the 
water (for details see Report 1939a), and to the technical performance of the various 
procedures involved (for error of these sec Wilson el al 1935). For reference to 
the methods used in France sec Buttiaux (1951), in the Argentine see Ferramola 
(1947), and for general information on the bacteriology of water and water supplies 
see E. W. Taylor (1919). Changes in the coliform flora of samples stored at 
different temperatures are considered in Reports (1952, 1953c). 

Plate Count. — In general, the analysis consists in an enumeration of the organisms 
or groups of organisms capable of forming colonies on a standard nutrient agar 
medium incubated aerobically at 20°-22° C. for 3 days or at 37° 0. for 2 days. Since 
not all the organisms in water aro viable ; since many viable organisms, such as 
those of the anaerobic and nitrifying groups, do not develop under the particular 
conditions provided ; and since some of the organisms occur in groups which give 
rise to only a single colony — it is clear that the colony count corresponds not to the 
total number of organisms or even to the number of viable organisms, but only 
to the number of bacterial units that arc able to multiply under the nutritional, 
respiratory, and temperature conditions supplied. For this reason it should be 
reported cither as the “ number of colonics developing per ml.,” or more simply 
as the “ plate count per ml.” 

Coliform Count. — Besides a general bacterial enumeration, an attempt is made 
to estimate the number of coliform bacteria in the water, and often to ascertain the 
proportions of the various types of these organisms. The ideal method of doing this 
would be a direct plate count on a differential medium. So far, however, no 
medium has been devised that will distinguish with certainty between coliform 
and non-cohform organisms, or between the different types of coliform bacilli. 
Partial success in these respects was claimed by Tonncy and Noble (1930, 1931a, b, 
1932a, 6) for their fcrrocyamde citrate agar medium, by Gehm and Heukelekian 
(1935) and Olsen (1952) for cosm methylene blue agar, by Littman and StaT 
(1938) for citrate ncmoleate agar, and by Chapman (1951) for triphenyltctra- 
zolium chloride agar. _ , 

The usual technique for estimating coliform bacilli is by the dilution met o 
in a liquid medium, which allows the observation of gas production an importan 
property serving to distinguish coliform from most non-coliform bacilli. As as 
already been pointed out (Chapter 4), the dilution method is subject to a it, 
sampling error. The results depend not only on the number of dilutions prepare 
and on the number of tubes of each dilution inoculated, but also on the mim er 
of organisms present in each unit volume of the original water. Hence a emp ^ 
have been made to devise the most economical method of carrying out the exanuna 
tion consistent with reasonable accuracy (Halvorson and Ziegler 1933a, b, Swaroop 
1940, 1941). Even greater effort has been expended in endeavouring to c0 "' e 
the results obtained into terms of the probable number of organisms pr e ® en ., s . 
Greenwood and Yule 1917, MeCrady 1918, Hoskins 1934, Matuszewski and 
1937, Haldane 1939, Pomeroy 1910, Buchanan- Wol 1 a st on 1941)- No pc 
medium has yet been devised that will enable all coliform organisms to ^ 
and produce gas, while suppressing the growth, or at least the gas forma i 
other organisms. ^ ^ 

British practice favours MacConkcy’s bile salt lactose medium, but in the 
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citrate is distinctive, in the coliform group, of the intermediate and aero^eiies- 
cloacro types. By making use of probability tables it is thus possible to obtain 
within. 3 or 4 days a quantitative estimate of the organisms belonging to the coliform 
the fajcal coli, and the intermediatc-acrogenes-cloacm groups. In this method 
though the different types may be present in very unequal proportions in the fer- 
mented tubes, transference to selective liquid media will enable growth of even 
minimal numbers to occur. 

The value of the 44° C. MacConkey test for picking out Bad. coli of faecal origin 
has now been abundantly confirmed (see p. 761) ; though in Madras and Singa- 
pore some strains of acrogenes type — probably Irregular Type VI (see Wilson el al 
1935) — were found capable of producing gas at this temperature (Raghavachari 
and Iyer 1939a, Boizot 1911). The citrate test is less specific for members of the 
intcrmediate-acrogenes-cloacffi group when used for direct inoculation from a 
fermented 37° C. MacConkey broth culture, owing to the ability of some late- 
lactosc and non-lactose fermenters and even Bacl. coli to grow in this medium 
(seo Bardsley 1938a, Raven et al. 1940, Ferramola 1910). In practice, however, 
this is not usually a serious drawback, since most false positives in citrate occur 
with the more polluted waters, which would be condemned in any case on the 
presumptive coliform or the f re cal coli count. The tendency now, however, is to 
omit the citrate test in routine water analysis and to rely on tests for Bacl. coli 1. 

The selective liquid media method was adopted officially by the Ministry of 
Health (Report 1939a) for the differential coliform test in the bacteriological 
examination of waters. In the extensive trials during the second world war, it 
proved to be reliable, and to be economical in both time and medium. 

Though C. B. Taylor (1945), working in a particular locality, found that as many as 
15 per cent, of Bad. aerogenes strains produced gas in MacConkey’s medium at 44° C., 
tho specificity of the 44° C. MacConkey test for Bacl. coli in tins country is very high. 
Occasionally Irregular Type vi, which resembles Bad. acrogenes, causes trouble. It is 
found particularly in jute and hemp, and may multiply under suitable conditions in yarn 
used for packing j oints of water pipes (E. W. Taylor and Whiskin 1945). Again, especially 
in polluted water that has been chlorinated. Cl. tcelchii may cause confusion. This organ- 
ism usually forms large quantities of gas at 44° C. but only slight acidity. To overcome 
tho difficulties caused by both these organisms Mackenzie, Taylor and Gilbert (1948) 
recommend subculturing the presumptive positive 37° C. MacConkey broth tubes into 
brilliant green bile broth and into peptone water and incubating both at 44° C. overmg . 
Tho brilliant green suppresses the growtli of Cl. wdchii, and tho negative indole test on e 
peptone water culture excludes Bad. coli I. 

Classification o! Coliform Organisms in Water. — In Chapter 28 wo have dis- 
cussed the classification of lactose-fermenting coliform bacilli according to e 
general principles of systematic bacteriology. In water analysis it is of grea er 
advantage to classify these organisms in relation to their habitat, paying partic ar 
attention to their excretal or non-excrctal origin. Such a classification is given in 
Table 192. , 

It will be seen that Bad. coli Type I, Irregular Type I, and possibly so _ 
Bad. coli Type II (see Bardsley 1938a, Stuart d al. 1942) appear to fin el J 
natural habitat in the mammalian intestine. It is true that strains be ongm 0 
to the intermediate-aerogenes-cloacae (I.A.C.) group are often found in #ces, 
but as a rule they are present in only very small numbers. Their natural a » 
is still unknown (see Taylor 1942a, 1951), but most of the evidence sugges s 
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cuotoxin. This substance is produced by Gliockdium fibriatum and some 
species of Trichoderma and has also been found admixed with fumigatin in 
cultures of A. fumigants. It is soluble in chloroform and benzol alcohol and 
sparingly soluble in water. It has been isolated in crystalline form and found 
to contain both nitrogen and sulfur and possibly an indol nucleus. It is effec- 
tive on both gram-positive and gram-negative bacteria but unstable except in 
acid solution. 

chaetgmin. This antibiotic is formed by Chaetominm cochliodes and occurs 
for the most part in the mycelium. It is extracted from the mycelium with 
acetone and from the filtrate with ethyl acetate and purified by shaking with 
bicarbonate, treatment with petroleum ether, and chromatographic adsorption. 
It is active against gram-positive bacteria but not against gram-negative bac- 
teria. 

Bacterial Synergism . 112 Association between bacterial species often 
affects the organisms in such a way that the ability of the individual species, 
to decompose organic compounds may he modified or extended. This phe- 
nomenon, termed bacterial synergism, is sometimes qualified into "antagonistic” 
and ''beneficent” synergism, but since the majority of the changes which indi- 
cate the combined work of two or more bacterial species cannot be construed 
as either favorable or unfavorable to the microorganisms, this distinction is 
often a difficult one to make. Perhaps the simplest examples of synergism are 
those in which the enzyme system of one organism supplements that of 
another. A mixed culture of a streptococcus which ferments lactose to acid with- 
out gas, and one of the paratyphoid bacilli which does not ferment this sugar, 
in lactose broth produces an acid and gas fermentation. Similar results have 
been obtained with mixed cultures of non-sucrose-fermenting Bacterium coli 
and streptococci fermenting sucrose to acid. In such cases the colon-typhoid 
organisms further oxidize the split products resulting from the decomposition 
of the disaccharide to gas Probably similar complementary action is the basis 
of increased yields of propionic acid in mixed cultures of propionic arid bac- 
teria and lactic acid cocci over that obtained with the propionic acid organism 
alone. Other decompositions, however, are not so readily explained. Cellulose, 
for example, is often much more rapidly decomposed by bacteria in mixed 
culture than it is by component cellulose-decomposing organisms in pure cul- 
ture. 

The course of decomposition may be qualitatively different in mixed culture 
from that in pure culture. It has been shown, for instance, that the acetone- 
butyl alcohol fermentation of Clostridium •pectinovorum is transformed irito 
a lactic acid fermentation by mixed culture with Bacillus vohitans. A consid- 
erable number of pairs of organisms have been shown to produce gas from 
carbohydrates in mixed culture when neither alone is able to bring about this 
change , 113 and similarly, mixed cultures of Clostridium chauvei and Bactuvs 
parcilactici form butyl alcohol from glucose although neither alone P r( ^ 
duce this change. This ability of mixed cultures of bacteria to bring a u 

112 See die review by Burrows: Aspects of Bacterial Populations. Biri- S>rop- 

1942, 8:89. 1 

113 Holman and Meeiu'son; Jour. Inf. Dis,. 1926, 39. 145, 
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milk after preliminary heating to 80° C. for 10 minutes to destroy non-Bporin* 
organisms, or by use of W. J. Wilson’s {1928) glucose sulphite iron agar medium! 

Typhoid and paratyphoid bacilli are difficult to demonstrate in water, partly 
because of technical difficulties, and partly because, unless the contamination of the 
water is continual, these organisms will have died out by the time suspicion of their 
presence is aroused. By suitable enrichment and selective media— particularly 
W. J Wilson and Blair’s (1931) bismuth sulphite brilliant green medium— it is 
often possible to demonstrate their presence in grossly polluted water, though 
practically never in water that is only slightly contaminated (Ruys 1910-1) Other 
organisms of the Salmonella group may likewise be found, both in polluted river 
water and in the intestinal contents of fish living in it (Leiguarda el al 1930). 
The mcmbtunc filler has been recommended for concentrating pathogenic organ- 
isms in water (sec Clark d al. 1951), but it is doubtful whether it will add to the 
sensitivity of our present methods (see Broschcit 1953). The same doubt underlies 
the indirect method proposed by Guclin (1918) of examining the water for bacterio- 
phage to different Yi-phagc types of Sabn. typhi. 

In the demonstration of V. cholera: advantage may be taken of its rapid growth 
in alkaline peptone water under aerobic conditions, and of the various differential 
media available (sec Chapters 22 and 63). 

Interpretation of the Bacteriological Analysis.— Before attempting to give an 
opinion on the results of a bacteriological analysis, it is essential to gather par- 
ticulars of the nature of the water, the method by which it was collected, 
the time of collection, and tho amount of recent rainfall. It is sound practice, 
though not always possible, for the bacteriologist to make a topographical survey 
of the gathering ground, so as to ascertain the extent and the kind of pollution to 
which it is subject. If ho is unable to do this personally, he should consult a map 
on which the source of the water and the immediate environment are indicated. 
Particular care must bo given to the mode of collection of the sample ; otherwise 
contamination, especially with coliform organisms, may disturb the interpretation 
of the results (for instructions, see Report 1939a). 

The whole aim of the bacteriological analysis of water is to find evidence o 
cxcretal pollution. Since we can rarely isolate directly specific pathogenic 
organisms, such as Sabn. typhi , we resort to estimating first of all the num er 
of living bacteria of all sorts in the water, and secondly the number o inng 
bacteria of intestinal origin. Tho greater the number of bacteria, the grea er, 
presumably, is the amount of decomposing organic matter. The more ac eria 
of intestinal origin there are, the more likely are pathogenic species to he amongs 
them. Our evidence therefore is circumstantial, and is frequently open to ou 
in its interpretation. ♦ • but 

Unfortunately we cannot lay down absolute standards for all wa era , 
we can lay down a standard for any one water. This is possible by frequen^a^ 
regularly repeated examinations, which teach us tho range of norma van 
Wc become acquainted, in fact, with the bacterial character of the wa en 
striking deviation from the norm is at once regarded with suspicion. 1 * . 

which we examine for the first time and for which we have no absolute s ^ 
it is often difficult to express more than a tentative opinion. A high agar 
22° C., for example, may be significant or it may not ; and though e s ^ 

survey may assist us on this point, it may not be till several examma ion 
different conditions have been made that we can offer a definite opinion. 
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coli type — is the most delicate index we have of recent excretal pollution. With 
regard to the importance of the intermediate and aerogenes-cloac® types (I.A.C.) 
opinion is divided. There are those who maintain that, because these organisms 
arc found in feces— though only in small numbers — their presence cannot be 
neglected. There ore those who draw attention to the fact that organisms of the 
aerogenes type are often present in infected urine (HjII et al. 1929, Burke-Gaffney 
1933), and may constitute the dominant type of coliform bacilli in human feces 
(Parr 1936). There are others who point out that, if recent excretal pollution 
has occurred, fecal coli will undoubtedly be found too, so that the presence of other 
types in the absence of fecal coli can generally be ignored. 

The interpretation is to some extent affected by the rate at which these different 
organisms die out after gaining access to water. Here again the available inform- 
ation does not provide us with a clear answer. 

The vitality of theso organisms in water varies with several factors. Houston (1913) 
found that storage of water for 16 days reduced tho number of Bad. coli by 80-90 per 
cent. Gray (1932) and Burko-Gaffney (1933) bring evidenco to show that Bad. coli dies 
out more rapidly than Bad . aerogenes. Ruchhoft and hi9 colleagues (1933) find that both 
organisms disappear at about the same rate. Platt (1935) finds that this rate depends 
to some extent on tho temperature. Bad. aerogenes surviving longer than Bad. coli at 
18®-20° C. f hut not at 0° C. or 37° C. Raghavachari and Iyer (10396) suspend their 
judgment. Hamilton (1935), in China, finds that in the summer months Bad. aerogenes 
may actually multiply in water under favourable conditions. 

On the whole, the evidence suggests that organisms of the I.A.C. group tend 
to be rather more resistant to environmental conditions than fecal coli. Their 
presence in water, in the absence of fecal coli, may indicate either (1) that non- 
polluted dust or soil has gained access to the water ; or (2) that excretal contamina* 
tion has occurred at a time sufficiently remote to permit the disappearance of all 
fecal coli organisms ; or (3) that tho water is subject to a minor degree of excretal 
contamination heralded, for some reason which is not yet clear, by the appearance 
of organisms of the I.A.C. group before true fecal coli ; or (4) that a contamina 
water has been insufficiently chlorinated ; or (5) that the water— and this app >es 
to wells and pumps — is being contaminated from such material as old sacking, 
leather washers, jute packing, or decaying leaves, in which organisms of the . • • 
type are actively growing. Which of these explanations is correct, it is usua y 
impossible to say on any one sample of water without further examination. 

In this country a high proportion of waters giving a positive presump tve 
coliform test contain fecal coli (Bardsley 1934, 1938a), and it is therefore o^en 
unnecessary to distinguish between the coliform types. In the routine co 
of water supplies from which coliform bacilli are usually absent,^ the a PP ea |^ n ^ 
of these organisms demands immediate attention, and differentiation s on ^ 
carried out in order to obtain a clue to the probable source of pollution.^ 
likewise called for when a new supply is under examination, as it is a ^ 
desirable to learn as much as possible about the flora normally P r ^ sen ' ^ 
other types of water, differentiation is a matter for individual judgment. ^ 
ally speaking, there is little point in determining the nature of the types pie 
in a piped water supply if the presumptive coliform count exceeds abou 
100 ml., since even if no fecal coli are found the water will still have to be reg 
as probably contaminated. In shallow well waters, however, differentia ioii ^ 
be useful with a coliform count up to about 50 per 100 ml., as the degree o e 


Chapter 5 


THE EFFECT OF PHYSICAL AND CHEMICAL 
AGENTS ON BACTERIA 


The separation of the environmental factors, that so profoundly affect the life 
processes of living cells, into two groups, one designated physical and the 
other chemical, is undoubtedly artificial in many instances. It is often difficult, 
if not impossible, to differentiate the physical from the chemical; the lethal 
effect of a germicidal substance, for example, may be a result of a combination 
of both physical and chemical activity or its mode of action may lie in the 
borderland of surface and physical chemistry. Nevertheless, such a separation 
has a certain reality and is useful for purposes of exposition. 

Bacteria, like all other living organisms, consist of protoplasm, a delicately 
balanced, heterogeneous mixture of various substances in colloidal and true 
solution. The disturbance of this equilibrium through, for instance, the pre- 
cipitation of constituent protein, is incompatible with the continuation of the 
complex phenomena of life, and the cell dies. On the other hand, the environ- 
ment, when favorable, not only does not destroy this equilibrium but makes 
possible its continuation through growth and multiplication of the organisms 
Bacteria, like other organisms, are creatures of their environment; under favor- 
able conditions they multiply rapidly, and under unfavorable conditions either 
die or remain dormant in a viable state until another opportunity for grout 
presents itself. In general, they are much more resistant to unfavorable cir- 
cumstances than are most higher forms of life. A part of this resistance is, o 
course, a result of the ability of some bacteria to form spores which are re a 
lively highly resistant, but the vegetative cells are considerably more resistant 
than are the cells of multicellular organisms. 

It is not possible to differentiate sharply between these favorable an un 
favorable factors. The congruity of n given environmental factor with the pro- 
toplasmic equilibrium that is life, is largely a quantitative rather t mn a 
qualitative phenomenon. Although high temperatures destroy bacteria, a cer^ 
tain degree of warmth is essential to their growth. Distilled water is toxic ^ 
many microorganisms, yet multiplication takes place only in the presence 
adequate amounts of moisture. Even the highly active germicidal c |\ ci 3 11C ^j 
often markedly stimulate the growth of bacteria when present in su icien . 
low concentrations. 

PHYSICAL AGENTS 1 ^ 

Temperature Relations. Bacteria as a group will thrive under ^rc ^ 
lively wide range of temperature conditions. Some of the more bar >. 

1 See the renew b> Rahn Baet. Rev., 1945, 9 1. 

136 
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into Class 1 ; that 80 per cent, should not fall below Class 2 ; and that the remainder 
should not fall below Class 3. Chlorinated waters ought uniformly to come into 
Class 1. 

For the student’s guidance we give two examples of unpiped and unpurified 
waters destined for consumption by a small population. Though the deep well 
and main spring water would be safe for a town supply, the second water we quote 
would have to be purified before its delivery to a large number of consumers would 
be justified. 

Deep Well and Main Spring Waters 


Plate count, agar 3 days at 22° C, 
Plate count, agar 2 days at 37° C. 
Bad. coli faecal Typo I . 

Frncal streptococci 

Cl. ic'lchii .... 


. 10-200 per ml. 

. 1-10 per ml. 

. . Less than 1 per 100 ml. 

. . Less than 1 per 100 ml 

. . Less than 1 per 1,000 ml. 


Shallow Well. Land Sprung, and Upland Surface Waters 


Plato count, agar 3 days at 22° C. 
Plate count, agar 2 days at 37° C. 
Bad. coli faecal Typo I , 

Faecal streptococci 

Cl. welchii .... 


. . 50-500 per ml. 

. 5-30 per ml. 

. Less than 6 per 100 ml. 

. . Less than 6 per 100 ml 

. . Less than 5 per 1,000 ml. 


A filtered river water should conform to the standard of a good shallow well 
water. If chlorination has been used in addition, then the coli standard should 
equal that of a deep well water. 

The effect of rainfall on the water should be noted carefully. Speaking generally, 
the less the water is influenced by this factor the better. Though rain in itsc 
contains few bacteria, it may carry in large numbers of undesirable organisms rom 
the soil A large increase in the number of organisms, especially if attende > a 
rise in the coli count, should always be regarded with suspicion. 

There is often a tendency for more weight to be placed on the results o * 
bacteriological examination than is justifiable. If the sanitary survey s ows 
water to be clearly subject to human excretal pollution, then it is not exaggera m 
to say that a bacteriological examination is redundant. Even should a reasona 
good result be obtained on one sample, there is no doubt that repetition on 
samples, taken perhaps after heavy rainfall, will reveal the presence o co i 
bacilli in large numbers. Bacteriological examination is a delicate too sui a 
for revealing pollution too small in amount or too obscure to be noticea e 
the ordinary means of the topographical survey. If the relatively cru ° j^Iicatc 
of the survey shows the presence of undoubted contamination, then c ^ 
methods employed by the bacteriologist are seldom required. It fo ows 
water exposed to known contamination should ever be reported on av 
by the bacteriologist, regardless of what the laboratory findings may . 

Finally we repeat that judgment on the potability of a water can e g» . ere d 
after a careful weighing of all the evidence available. It must e r eEa cssar jly 
that the mere absence of evidence indicating faecal pollution does no n 
indicate that pollution has not taken place. All it does show is a a ^ . g 
the sample was examined, there was no detectable evidence of po u 
partly for this reason that frequent examinations are desirable. supply* 

The interpretation of the bacteriological analysis, particularly on a 
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1 38 Effect of Physical anti Chemical Agents on Bacteria 

pli)'sioloRic.il changes: the metabolic ac(ivi(i« of the organisms are slowed 
down and at temperatures below the minimum for growth the bacteria become 
dormant. 

The mechanisms determining the optimum, minimum and maximum tem- 
peratures of bacteria arc obscure. In some eases they may he dependent upon 
other environmental factors. It lias been shown, for example, that while many 
of the thermophilic bacteria arc able to grow only at temperatures above 
50° C. when in Contact with air, they arc able under anaerobic conditions to 
grow at the ordinary* incubator temperature (37® C.) or even as low as 34° 
C. Other studies* indicate that the maximum growth temperatures of bacteria 
bear a definite relationship to the minimum temperature of destruction of 
respiratory* enzymes. 



TfMt >N WVJ 

Fir 22 . The effect of different temperatures of incubation on broth cultures of StarM 
ococcus aureus. (After Graham Smith.) 


The rate of bacterial growth and metabolic processes increases, hkc ot c 
chemical reactions, with rise in temperature. The temperature coefficient* t. >> 
the quantitative effect of temperature changes, is such that these rates a 
roughly doubled for every ten degree rise in temperature. This effect is ^ 
served only over a relatively narrow temperature range, from the mmimu 
the optimum temperature of the bacterial species under consideration 
Tile Lethal Effects of Ifcnt. Bacteria arc readily killed by ea , 
the utilization of .heat in one form or another is one of the most conven 
means of their destruction. The lethal effects of hear are markedly m 
by the amount of moisture present, and so-called moist heat is a muc , 
effective killing agent than dry beat The resistance of bacteria w mot 
differs somewhat from species to species, the pathogenic forms being ^ 
era! somewhat less resistant. The resistance of a given species is in uen 

4 Edwards and Render. Jour. Race , 1937, 34.489. 
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difference in the bacterial quality of the water at the inlet and outlet of the hath 
(Report 1053/i). In practice the committee recommended that, in swimming-bath 
water containing 0-2*05 p.p.m. of free chlorine, no sample should contain ediform 
organisms in 100 ml. ; ami that in 75 per cent, of the samples the plate count at 
37° C. on 1 ml. of water should not exceed 10 colonics and in the remainder it 
should not exceed 100 colonics. 

In natural waters used for bathing, such ns rivers, lakes and sea, it is impractic- 
able to lay down any bacteriological standard of purity ; but where there is reason 
to believe that sewage is gaining access to the water a count of Bad. coli I exceeding 
1000 per 100 nil. may l»e regarded ns indicative of potential risk to the Lathers 
(see Moore 1951). 

Water-borne Disease. — The main diseases carried by water arc enteric fever, 
dysentery, and cholera. For a description of these reference should be made to 
Chapters G3, GO, 70. Occasional outbreaks of Weil's disease, tulancmia, infectious 
hepatitis, and poliomyelitis are on record, but the evidence supporting their water- 
borne nature is not always convincing. I11 this country the incidence of water-borne 
disease is low compared with some parts of the Continent and with the United 
States, but i.s bj* no means negligible. Between 1911 and 1937 there occurred in 
England and Wales at least 21 outbreaks of disease conveyed by public water 
supplies, resulting in 1,237 cases of enteric fever, 2,800 of bacillary dysentery, and 
7,139 of gnstro-cnteritis (Report 19396). In the United States, Gorman and Wol- 
mnn (1939) were able to collect records of 399 outbreaks during the period 1920 to 
1930, afTectmg 1 15,6 15 persons. Among the cases of disease were 12,585 of typhoid 
fever and 101, G03 of diarrheea. Elmsscn and Cummings (1918), who analysed the 
records in the United States for the years 1938-15 inclusive, found a total of 327 out- 
breaks affecting 111,320 persons. It may he noted that paratyphoid fevers are 
.seldom water-borne. Franklin and Halliday (1937) report one outbreak of para- 
typhoid A fever in Canada due to contamination of a well water from a resident who 
had returned to her homo suffering from an undiagnosed disease ; and there have 
been 2 or 3 small outbreaks of paratyphoid B fever in this country (see Repo 
1942, Page 1942). As is apparent from the records just given, diarrhcea an 
gastro-cntcritis figure prominently in water-borne disease. Their nature 
causation arc not always clear. Some outbreaks may be due to undetected ysen 
tery bacilli, but there seems little doubt that the access of sewage in consi era ® 
amount to a water supply may be followed by gnstro-enteritis in the absence 0^ 
any recognized pathogenic organisms (see Katbo and Krinigshaus 1932,«.epw 
193Gn, 1937. Pharns et al 1938. Elmsscn and Cummings 1918, Ro*s and G»««F 
1952). I 

forms of ( ■ 

Icne poisoning following the painting of a storage tank. . ^ , 

Infection of the water may occur at the source, during storage, or urin c ^ 
tribution. The prevention of water-borne disease demands scrupulous 
supervision of every part of the system, including the protection of gathering gro 
(Report 1948) and the health of operatives closely associated with the wa c 
(see Report 19396) Huhoid 

The danger of bathing in polluted water is difficult to assess, Case 19471 
and paratyphoid fever due to this cause arc invariably sporadic (see J ar m ^ 
and other sources cannot always be excluded. Unless contamination is re ^ 
heavy, the risk does not seem to be great. If the maximum already sugge 
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avoids the danger of using tlio presumptive coliform test. As Dodgson (1938) 
showed, the 37° test may be grossly misleading, because organisms of the aerogenes- 
cloacac type may under favourable conditions multiply enormously in mussels, 
barnacles, raw sea water, and sterilized tank water. By the Clegg and Sherwood 
method the following standard of interpretation may be tentatively accepted: 

Hud. coli jK-r 

nil of 1 ln*li. Iritirjintnllijn 

Up to 5 . . . . . Satiifuctory 

0-10 ...... Suspicion** 

10 and oirr . . . . . UnsntisJaclojy 

These categories correspond roughly to those adopted by the Fishmongers’ Company 
based on the examination of 0 - 2 ml. quantities of fluid from 10 individual shell-fish, 
namely 80-100 per cent, clean, 70 per cent., and GO per cent, or less (sec Knott 1951) 
Just ns with water, so in the control of shell-fish a careful topographical survey 
to exclude possible sources of pollution is desirable. Bacteriological examination 
must remain as an ancillary method to check the results of the sanitary investig- 
ation. Valuable information on the sanitary control of the shell-fish industry will 
be found in a report (19 IGrr) of the United States Public Health Service. 


SEWAGE 

In this country crudo sewage contains about 10 million organisms per ml 
capablo of developing on gelatin at 20° C., and from 1 to 5 million per ml. on agar 
at 37° C In America the numbers appear to be lower. There is often a consider- 
able rise in the summer months. The organisms making up these numbers are of 
many different kinds, mid vary from one sewage to another. Prominent amongst 
them are the Proteus group, the coliform bacilli, streptococci, anaerobic spore- 
bearing bacilli, natural water bacteria, and tho denitrifying bacilli. Bacl. cob 
may number 100,000 per ml., Streptococcus fcrcalis 1,000 to 10,000 per ml., an 
Cl. utfehii 100 to 1,000 per ml. Pathogenic organisms of the typhoid, paratyphoi , 
and food-poisoning groups can often be found in crude sewage by the use of appro- 
priate selective media. The poliomyelitis virus has also been demonstrate . m 
it (Paul and Trask 1911, 1912). Sewage is an excellent source of a large variety 
of bacteriophages. t 

The process of purification is accompanied not so much by a diminution m 
the numbers of organisms, as by a change in the distribution of different organism 
Thus in the septic tank, the anaerobic liquefying bacteria are prominent , on 
contact beds the aerobic liquefying and the denitrifying bacteria gain the upp ^ 
hand. It is evident that enormous numbers of bacteria must perish in the P r ® ces ^j 
by a comparison of the microscopic and the gelatin counts, Winslow (190 ) °u 
that the ratio of the total to viable organisms was about 20 to 1 in erode ' 

40 to - ' ' ■■ 

Table . ' ' * . ' ' 

It will be seen that no striking fall occurs in the number ot living oigam^-' 
the sand filter stage is reached. _ , qiud<»e 

A method of sewage disposal that is now widely used is the Activa c ^ ^ 
Process. Briefly this consists in treating the sewage with about 15 per ce 
bactcrially active liquid sludge, in the presence of an ample supply of a mo p 
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live and spore forms of bacteria, although rarely highly resistant spores may be 
found that are not killed by this exposure. Boiling, i.e., exposure to 100° C., 
suffices to kill all vegetative forms of bacteria within a few minutes; but steriliza- 
tion is not effected, for the spores of many of the saprophytic bacilli are not 
destroyed by boiling for many hours. Since very few of the pathogenic bactena 
form spores, boiling contaminated water for a few minutes renders it safe for 
drinking purposes and the boiling of surgical instruments generally suffices 
to kill the vegetative cells of pathogenic bacteria, but not the spores of spore- 
forming pathogens such as those of the tetanus and gaseous gangrene bacilli 

Temperatures as high as 100° C. are not necessary for the destruction of 
vegetative forms of bacteria, since most of them are killed at 55 to 58° C. if 
exposed for ten to thirty minutes. In the preparation of vaccines, suspensions 
of bacteria arc usually heated to 60° C. for thirty minutes to one hour (to allow 
an adequate margin of safety). The tubercle bacillus, Brttcella abortus and 
other pathogenic organisms occurring in milk arc killed by the process of 
pasteurization, i.e., heating to 142° to 145° F. for thirty minutes. 

Dry heat is much less effective as a germicide than moist heat. Temperatures 
of 160° to 170° C. must be maintained for two to three hours in order to 


ensure complete destruction. 

The destructive effect of high temperatures on bacteria is apparently as- 
sociated with the coagulation of constituent protein. The rate of heat coagula 
tion of protein in solution closely parallels the rate of destruction of bacteria by 
hot water. Furthermore, the effect of the water content of egg albumin on the 
temperatures necessary for coagulation is similar to the observed relative ef- 
ficiency of moist and dry’ heat in the killing of bacteria.® 

Cold. Bacteria arc much less sensitive to low than to high temperatures 
As the minimum temperature of a given species is approached and passed, 
the metabolic activities of the organism become increasingly slower until a 
state approaching dormancy is reached. Preservation of bacterial cultures in t e 
refrigerator is a common practice, for the rate of death of most bacteria is great) 
reduced at low temperatures. 10 Some mortality results from freezing, it ** 
thought to be due to mechanical grinding coincident with the formation o 
ice crystals. The evidence for this is, however, not altogether indubitab e, an^ 
attempts to disrupt bacterial cells by alternate freezing and thawing are 
particularly successful. These organisms show a remarkable resistance to ^ 
treme cold exposure of organisms like the typhoid and diphtheria baci i 
liquid air (—190° C.) and to liquid hydrogen (—250° C ) does not es 
their vitality. Haines 11 has shown that the temperature at which frozen 
teria are stored significantly influences the death rate. When Bactertuui 
was kept at —20° C. 25 per cent of the organisms were still alive a er 
days, while at —2° C. death occurred rapidly and only 4 per cent wer ^, ^ & 
viable after eleven days. Death under such circumstances may P° SS1 ' 

9 Egg albumin in aqueous solution is coagulated at 56* C.; with 25 P« • “A 
content at 74-80“ C., with 18 per cent water content at 80-90° C-; wit .^coagulation 
content at 145“ C. Anhydrous egg albumin may be heated to 170“ C. " 11 0 _ on0C0 cci and 
10 Some species of bacteria, however, are particularly sensitive to c o m 

meningococci, for example, die out much more rapidly in the refrigerator 
cubator. 

ti Haines- Proc Roy Soc , Ser. B, 1938. 124.451. 
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substances. Of these, a rays are nuclei of helium atoms and may also be ob- 
tained from the cyclotron, (3 rays and cathode rays are fast-moving electrons, 
the latter being artificially accelerated; and y rays are natural x-rays of short 
wave length. Protons are hydrogen nuclei moving at high speed; they are not 
emitted by radioactive substances but are obtainable from the cyclotron. Neu- 
trons, also from the cyclotron, do not ionize directly; fast neutrons project 
hydrogen nuclei already present in the irradiated material as protons, and 
when a slow neutron is captured by an atomic nucleus, the nucleus emits an 
a particle, a proton, an electron, or a y ray, depending on the element. As 
ionizing radiation passes through a substance it collides with successive 
atoms, ejecting electrons from them and leaving a trail of ions behind it. The 
ejected electrons may have sufficient energy to produce additional ionizations 
as they collide with other atoms, giving rise to clusters of secondary ionization 
When these are small they do not add appreciably to the effect of the primary 
ionization, and the path of the ionizing radiation takes the form of a column 
of ionization. Occasionally the ejected electron has sufficient energy to travel 
an appreciable distance and produce a large number of ionizations in a differ- 
ent path; such secondary electrons are called 5 rays and may be of considerable 
importance, especially in irradiation with a rays. The effect of ionizing radia- 
tion, then, is the production of columnar zones of intense ionization in the 


protoplasm of the irradiated cell. 

The bactericidal activity of radiation is due to a direct effect on the proto- 
plasm rather than to the production of toxic substances in the surrounding 
medium. Such an indirect effect, however, may assume importance un er 
some conditions, i e., when the nutrient medium in which the organisms are 
to be grown is irradiated as in the irradiation of bacteria inoculated on t 
surface of an agar medium. Basically, the bactericidal effect is due to c em 
ical changes in the protoplasm but the precise manner in which it is P r p r 
is not completely clear. It seems unlikely that it is a result of the toxin \ 
irradiated protoplasm, for the magnitude of the chemical changes pro u 
by a lethal dose is not great, and it is generally believed that the e t a c 
is due to a direct hit of key substances within the cell, the ' 
their destruction by the zone of intense ionization created, i he et a 
of ionizing radiation is directly related to ion density, or num er^ . 

formed, and for Bact. coli has been found to range from 400 r C. r i e 
gen, a unit of measurement) for (3 rays to 24,000 r for a ravs. traveis . 
of a rays, for example, corresponds to an average of one a partic e 
ing each 0.06 p- of cell substance. The lethal effect t " e , a ^ n ' 3 j a ^ u t 
duced by ultraviolet is much less per unit of energy absorbe , ^ 

one hundred times as much energy is dissipated in a ^ te ^ m , found 
ultraviolet light as in a bacterium killed by x-rays. W >" c ... . . 

that about 4 million quanta are required to kill a colon baci us vv 
violet light. . ,. . j n Je* 

The lethal dose of either ultraviolet light or ionizing ra ta i 
pendent of the intensity of the radiation and of the tempera u stl g- 

irradiation is carried out, and the survival curves are logant mi • u j trav ; 0 lct 
gest that the lethal effect is a single unit action by a quantum o 


14 WyckofF: Jour. Gen. Physiol., 1932, 15:351. 
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dysentery, or food-poisoning bacilli. The milker constitutes a further source of 
danger if he is carrying hcomolytic streptococci or diphtheria bacilli in his throat 
or nose, since these organisms may gain access to the milk via the cough spray. 

Apart from initial contamination of the milk, imperfect cooling is often respon- 
sible for the presence of large numbers of bacteria in any given sample. However 
carefully milk is produced, sooner or later, provided it is kept at a suitable tempera- 
ture, it will go sour or putrid as the result of bacterial multiplication. If it is to 
remain sweet for more than a few hours, all milk should be cooled immediately 
after production to a temperature of 10° C. or below. 

It may be noted that the keeping quality of the milk is determined partly by 
the degree of initial contamination and partly by the temperature at which it is kept. 
Milk produced under really cleanly conditions has a considerable bacteriostatic 
power, and shows little bacterial multiplication for several hours, even when 
incubated at a favourable temperature. On the other hand, the bacteriostatic 
effect of milk produced under dirty conditions is very slight, and bacterial multipli- 
cation sets in rapidly. For this reason it is much easier to distinguish between a 
milk produced under sanitary, and one produced under insanitary, conditions if the 
examination is delayed till the milks have stood at a temperature of 60° F. or so 
for 12-18 hours. After this time a milk produced under clean conditions will still 
have a low bacterial count, whereas a milk produced under dirty conditions will 
contain a large bacterial population. 

The production o! clean milk is largely a matter of technique, not of structural 
equipment or refinement. Provided all utensih arc sterilised by steam, and the 
surface of the udder and the milker’s hands arc cleansed, it is possible to produce 
milk with a very low bacterial content even under unfavourable conditions. It is, 
however, not easy to maintain a satisfactory technique day in and day out unless 
suitable conditions and appliances arc provided for the workers. 

Types of Bacteria in Milk 

The bacteria present in milk from healthy cows may’ be classified into the 
following groups : 

1. Acid-forming Bacteria. — These organisms ferment the lactose in the milk 
with the production of acids, mainly lactic acid, which combine with the cacium 
caseinogenate, liberating free caseinogen; this, being insoluble in water, isprccipi a e 
in the form of a smooth, gelatinous curd, which shows little tendency to con rac^ 
and squeeze out fluid. Lactic streptococci, including Str. lactis and Str J<rca is 
(see Chapter 24), are among the commonest members of this group. T ® C °,^ 
associated lactobacilli may also be included, though under ordinary Mnditions 

do not appear to proliferate very’ actively’. Staphylococci derived from t e u 
are not infrequently present m milk, but unlike the lactic streptococci 
not as a rule multiply extensively’ m raw milk kept at ordinary 
Most of the acid-producing organisms gam access to milk from con am 
utensils , many of them are said to be ultimately of vegetable origin, emg 
on corn, peas, beans, and cabbage (Stark and Sherman 1935). ^ 

2. Gas-forming Bacteria. — These organisms ferment lactose with the 5 ^ 
tion of both acid and gas. They produce a smooth, gelatinous curd, w ic ^ 
riddled with gas bubbles. The acid produced is largely acetic, w 1C jmones t 
an unpleasant flavour to the milk. Cohform bacilli are among e e 
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cow vary from animal to animal and from day to day, but they may apparently 
reach several hundred or even thousand per ml. (see Pullinger 1934). Tubercle 
bacilli may possibly be excreted in the milk in the absence of any definite disease 
of the udder (Report 1909), but some degree of tuberculous mastitis can generally 
be demonstrated, though not always clinically, in cows passing infected milk 
Milk must become infected from time to time with tubercle bacilli of human type 
coughed out by tuberculous form hands or dairy workers, but their demonstration 
can practically never be accomplished because of the very small number in which 
they arc present and because of their failure to multiply in milk. 

Br. abortus. — This organism is responsible for contagious abortion of cattle, 
which is probably economically more important in this country than tuberculosis. 
The udder is frequently infected, even in animals that have not aborted (see Chap- 
ter 75), though no lesions can be detected by clinical examination. The bacilli 
arc excreted regularly or intermittently in tbc milk. Their numbers are usually 
greatest at tbc beginning of lactation, when they may reach as many as 200,000 
per ml , but in the later stages they diminish and rarely exceed 2,000 per ml. 
(Stockmayer 1936). The udder may remain infected for years. About 30 per cent, 
of samples of raw mixed milk offered for human consumption appear to contain 
this organism. 


Streptococci. — Mastitis streptococci arc of various types, the most important 
being Str. agalactia: (see Chapter 24). They are excreted in variable numbers 
in the milk of cows suffering from mastitis. This disease is extremely common, 
and affects not only the poorer herds, but even herds producing high-grade milk. 
Pullinger (1935), for example, found that the milk from 10 out of 12 herds produc- 
ing Certified milk and 12 out of 14 herds producing Grade A tuberculin-tested milk 
contained mastitis streptococci when examined at intervals over a period of 15 
months. Most streptococci causing mastitis arc probably non-pat hogemc for 
man,, but occasionally Str. -pyogenes of human origin invades the udder, and is 
responsible for an outbreak of scarlet fever or septic sore throat in persons con- 
suming the milk (see Bendixen and Minett 1938, Dublin el al. 1943). The mi 
may also be contaminated directly with these organisms from persons who are 
either suffering from streptococcal throat lesions, or who are carrying these organ- 
isms in their throat or nasopharynx (see Henningscn and Ernst 1939). os 
outbreaks of milk-borne streptococcal infection appear to result from, the former 
method of infection. Though pathogenic streptococci must often^ gain access o 
milk from human cases and carriers, their rate of multiplication in raw * * 
ordinary temperatures is usually too slow for them to render the milk sufncien y 


infective to cause disease (see Pullinger and Kemp 1937). 

Staph, aureus. — This organism is a not infrequent cause of mastitis. R & 
often found in the apparently healthy udder, but in cows suffering from mas i i 
it may be present in large numbers in the milk. Its public health importance ics 
in the fact that, under favourable conditions, it may multiply in the milk an 
rise to a toxin capable of producing gastro-enteritis in human beings (see p. 

C. diphtherise. — This organism occasionally finds its way into the milk f r o m ® 
throat or nasopharynx of a human carrier or case of diphtheria. Very occaao 
it becomes implanted on ulcers on the cow’s teats. Such an occurrence » pcwi 1 ✓ 
dangerous, since the milk is uniformly infected (for references, see Go ie 
Maddock 1943). 
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pressure is high, 5000 to 6000 atmospheres, and the exposure prolonged. 
Under such circumstances the organisms may be reduced in numbers. Spores 
are more resistant; the spores of B. suhtilis, for example, survive 20,000 
atmospheres. On the other hand, animal cells arc killed by pressures of 1800 
atmospheres. Increased pressures of carbon dioxide show more bactericidal 
activity, non-sporc-forming bacteria being killed after ninety minutes’ expos- 
ure of 50 atmospheres. Such a germicidal effect may possibly be a result of 
increased acidity. The sudden release of high carbon dioxide pressures may 
result in the disruption of the cells of some bacteria; the gram-negative forms 
are more readily broken up in this manner than arc the gram-positive. Sud- 
den release of pressures of other gases docs not have this effect. 


CHEMICAL AGENTS*' 

The general subject of the effect of chemical agents on bacteria is a broad 
one and might reasonably be considered as including not only the germicidal 
chemicals but also the foodstuffs used by these organisms. It is more con- 
venient, however, to consider the latter in terms of the effects of bacteria on 
their environment in Chapter 4 under the general head of bacterial 
physiology. 

A certain terminology has grown up about this subject matter which re- 
quires definition. The synonymous terms bactericidal and gcrnicidal, which 
have already been used, arc adjectives indicating a bjcteria-killing power. 
The term bacteriostasis, or the adjective bacteriostatic , denotes a somewhat 
less drastic effect. A bacteriostatic substance is one which docs not kill bac- 
teria but acts in a preservative manner by preventing their growth. An anti- 
septic is a substance which has a preservative action, possibly killing a few or 
the bacteria exposed to it, but in general acting predominantly in inhibitory 
fashion. The term disinfectant is applied to substances having bacteriada 
activity and denotes something more vigorous than docs antiseptic. These 
terms are obviously relative, for a substance that is bactericidal in a gnen 
concentration may be only inhibitory' or antiseptic in lower concentrations. 
Furthermore, the specificity of a certain compound for some kinds of bacteria 
may result in its having disinfectant action with regard to one species u 
only antiseptic action on another. , 

Water. In general, bacterial cells suspended in distilled water 0 
survive more than a few hours, although spores will survive for many wee s. 
Death of the organisms results from a variety of factors one or more or w ^ 
has been operative in most of the reported experiments. Water from a me^ 
still, for example, often contains sufficient traces of metals to be toxic, a ^ 
water sterilized in soda or “soft” glass contains alkali dissolved from the g 3 
Water freshly distilled from hard glass is neutral but upon standing a soi 
carbon dioxide from the air and becomes acid. The pH markedly in uen ^ 
the survival of bacteria in water, the death rate increasing on eit er si 
pH 6.0, which appears to be optimum for longevity. Other factors, s Solved 
the number of bacteria suspended in a given amount of water, ts^ ^ 
oxygen and accessibility to oxygen, etc., are likewise knowm to a 
survival of these organisms. The osmotic pressure of distilled water, 

11 See Wyss Ann. Rev. Microbiol., 1948, 2.413. 
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and bacteria may gain access to the milk in considerable quantities without endan- 
gering the health of those consuming it. On the other hand, if pathogenic bacteria 
find their way into the milk from one of the sources quoted above, no matter in how 
cleanly a manner the milk is produced, it is a potentially dangerous and unsafe milk. 

These conclusions are borne out by epidemiological experience, which has 
shown that several outbreaks of disease have followed the consumption of milk 
of the highest standard of cleanliness. Without discussing this subject further, 
we shall probably be wise to regard cleanliness and safety as two entirely separate 
attributes of milk. 

For human consumption it is desirable, of course, that milk should be both 
clean and safe. Clean milk is more aesthetically desirable, it has a better flavour, 
and it keeps longer. Moreover, it is not likely to contain any of those toxic sub- 
stances resulting from undue bacterial proliferation, which have an irritating effect 
on the gastro-intestinal tract — particularly of infants (see Park and Holt 1903 
and Chapter 72). The fewer organisms there are in milk, and the more 
bacterial proliferation is checked, the less liable is the milk to give rise to digestive 
disturbance of this type. 

From this it will be clear that no raw milk can ever be regarded as completely 
safe for human consumption. The frequency of disease in cattle, the risk of con- 
tamination from human and other sources, and the suitability of the milk itself 
as a medium for bacterial multiplication, combine to render the consumption 
of raw milk potentially dangerous. The only satisfactory way of eliminating this 
danger is by pasteurization or some other form of heat treatment. 

The Antibacterial Property of Milk.— Numerous observers have shown that the 
growth rate of organisms is much slower in clean than in dirty milk. In clean 
milk there is a lag phase of variable duration before multiplication begins, whereas 
in dirty milk kept at a suitable temperature the organisms start multiplying almost 
at once. Jones and Simms (1930) brought evidence to show that clean milk con- 
tains an inhibitory substance to which they gave the name of lactenin. 

Lactemn is present in the whey fraction of the milk. It w ill not pass through a dialysing 
membrane. It is inactivated by heating to 80° C„ but not by pasteurization, t \vi 
remain stable for some weeks at 6° C., and is not digested by trypsin. It is irreversi J 
inactivated by the exclusion of atmospheric oxygen and by sulphur-containing rc ucmg 
agents such as cysteine, glutathione, and thioglycollic acid. It is particular > * C1V " C 
towards Group A streptococci, which are not only inhibited but actually ^ ' 

The susceptibility of these organisms to lactenin may explain the infrequency o s reji ' ® 
coccal milk-borne outbreaks (see Wilson and Rosenblum 1952) ; though ns mos o 
outbreaks that do occur are attributable to milk coming from an infcctc w < cr ’ ” 
as lactentn is inactive tn mo owing to the low Eh of the tissues, this explanation ca 
be more than partially true. Electrophoretic experiments show that lactenin con . ^ 
two fractions, 1 and 2 ; these can be concentrated and separated from each o ior u 
and Berridge 1953, Auclair 1954). 


Bacteriological Grading of Milk 

In public health practice it is usual to grade milk bacteriological^ 
according to cleanliness and partly according to safety. AV c may con^i er 
the various methods available for these purposes. 
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leucocytes, or to some other cause. A mere count of the cells present affords little 
information about the quality of the milk, and it would be unwise to condemn 
a milk solely on account of an increased cell content. If long-chained streptococci 
arc found in addition, the probability is that the cow is suffering from mastitis. 
Much more information can be obtained by a differential count, but the real value 
of this method lies in the help it gives to the veterinarian who is engaged in a study 
of the individual cow. 

(3) The Breed Smear Method. — The general technique of this method is to spread 
OOl ml. of the milk over 1 sq. cm. on a glass slide, to fix and de-fat, to stain with 
methylene blue, to count the number of individual organisms— the Breed " indi- 
vidual ” count — or preferably the number of groups of organisms, individual organ- 
isms each being regarded as a group — the Breed “ clump” count— in a given number 
of fields, and finally to calculate the number of organisms in 1 ml. of the original 
milk. The result obtained affords an index of the total stainable organisms present, 
not necessarily of the total organisms. The chief value of this method lies in its 
rapidity, which enables an opinion to be formed on the bacterial cleanliness of a 
milk within a few minutes. It is particularly suitable for use in collecting stations 
to which milk from individual farms is brought before being mixed and sent up to 
towns in large rail or road tanks. Unsatisfactory milks, which would taint the rest, 
can be picked out quickly, and returned to the producer. With a little experience, 
a mere glance over a few fields is sufficient to indicate the general quality of the 
milk. The Breed Smear method is also of value to the farm inspector in indicating 
the probable nature of the defect in unsatisfactory milk. Thus the presence of 
large masses and clumps of bacteria suggests unsterilized milk utensils ; the pre- 
sence of numerous organisms arranged in pairs or small units suggests inadequate 
cooling ; the presence of long-chained streptococci associated with a high leuco- 
cyte count indicates mastitis, and so on (see Breed 1929). 

(4) The Keeping Quality Test. — The milk is kept in a special bottle at a given 
temperature, such as 60° F. or 70° F., and examined every 8 or 12 hours until it 
becomes sour or putrid. The fact that the end-point is largely subjective neces- 
sarily exposes the result to a big experimental error. Some degree of objectivity 
can be introduced by means of the alcohol-precipitation or the clot-on-boiling test. 

If 1 ml. of a 68 per cent, solution of ethanol is added to 1 ml. of the milk and the tube 
is inverted, precipitation of the casein occurs in milks that are near the souring P om ^ 
The clot-on -boiling test is carried out by heating 2 ml. of milk in a clean test-tubo in boi in„ 
water for 5 minutes , samples showing no sign of precipitation are regarded as passing i° 
test. 

Though the alcohol-precipitation method is slightly more delicate, both the^c 
tests give similar results and are in general agreement with the grading 0 c 

samples by taste (see Anderson and Wilson 1945, Rowlands el al. 1950) IC 

subjective keeping quality test, though useful for special purposes, is mam es y 
unsuitable for routine grading, but the clot-on-boiling test has a good (ca 
recommend it (see Rowlands and Hosking 1951). It is really an indirect tes 
the measurement of acidity, though a small proportion of milks may clot on oi w© 
in the absence of acidity if enzymes of the rennet type are formed m lCte * 
concentration — “ sweet curdling.” The modified methylene blue reduc ,on ^ 
earned out at 60° F. is sometimes used as an indirect measure of keeping qua 
(see Provan, Dudley and Thomas 193G). 



146 


Effect of Physical and Chemical Agents on Bacteria 


son of the bactericidal power of the various metallic salts on the basis of per- 
centage solution is misleading; equimolecular solutions must be used and the 
ionization constants taken into consideration. The bactericidal activity of the 
heavy metal salts is a result of the affinity of the cations for protein material; 
when the constituent protein of a bacterial cell is precipitated as an insoluble 
proteinate, the cell dies. Other factors appear to be involved also, however. 
Guest and Salle 18 have observed that inorganic metallic salts which are only 
slightly bactericidal individually may become markedly active when mixed to 
produce an oxidation-reduction system. 

The oligodynamic action of metals is possibly a result of the solution of 
the metal to form salts. The destruction of bacteria in contact with or in 
proximity to a piece of metal is the basis of some methods of disinfection of 
water. Water may be sterilized by allowing it to seep through a layer of 
silver-coated sand, and water containing colloidal silver in amounts suffi- 
ciently small to defy chemical detection, by calculation about 40 gamma per 
milliliter, is markedly bactericidal. Such colloidal solutions are prepared 
by sputtering silver electrodes in water — the so-called catadyn process. 

The other cations are less toxic than mercury and silver, but even sodium 
and potassium are toxic to bacteria in sufficiently high concentrations (ca. 
molar). It is of some interest that the arrangement of cations in an order o 
their toxicity— mercury and silver at one end and sodium and potassium at t e 
other, with others falling in order in between — corresponds closely to t e 
Hofmeister series and the lyotropic series of Freundlich, in which cations are 
arranged in the order of their effects on physical properties of proteins, sue 
as coagulation, solubility, viscosity, etc. The toxicity of cations as mamtestc 
in solutions containing a single salt may often be neutralized by the presence, 
in the proper proportion, of another cation. This phenomenon, known as 
antagonistic effect of salts, has led to the concept and preparation or so-ca 
balanced solutions such as Ringer’s solution, Locke's solution and ot ers. 
not only modify or enhance the toxic qualities of other salts ut a so e. 
similar effects on disinfectant compounds of widely different consti u 
Sodium chloride, for example, markedly enhances the germicida 4 ua 1 1 
phenol for anthrax spores when present in sufficiently high concentra i 

The part which anions play in the growth and destruction o ac . 
less well known. Some, particularly those containing sulfur, car n, ni 
or oxygen, may serve as sources of these elements and of energy, u in 
priate concentrations many are toxic for bacteria. j t j, e 

Oxidizing Agents. Other salts, such as potassium permangana e 
sodium and calcium salts of hypochlorous acid (HOC1), show xriar 
tericidal activity owing to their properties as oxidizing a S en ^‘ 0 i 
hypochlorous acid is one of the most powerful germicides j n the 

calcium salt (commonly known as bleaching powder) has a vvl J^ orous ac jJ 
treatment of private and small municipal water supplies. ?T°^ ie formation 
reacts with organic compounds containing an amide group w jisin- 

of compounds known as chloramines. These compounds s m resenCe of the 
fectant properties which are apparendy associated with t e pre 

18 Guest and Salle: Proc. Soc. Exp Biol. Med., 1942, 51 ’27 2. 

19 For a discussion see Hoffmann- Arch. f. Hyg u. Baht , 193 , 



2320 


THE BACTERIOLOGY OF MILK 


(Bardsley 1934) ; (2) organisms of the Bad. coli type in water in this country are 
very frequently derived from human excretal material, and since human feces 
and urine may contain pathogenic bacteria, the presence of any excretal pollution, 
as indicated by the coliform test, must be regarded as potentially dangerous ; and 
(3) as a rule, coliform organisms do not seem to multiply in water under natural 
conditions ; on the contrary, they tend to die out rather rapidly (Houston 1913). 
In this country, therefore, the coliform count in water indicates the minimal amount 
of excretal pollution that has occurred. 

When we turn to milk we find that (1) a considerable proportion— something 
like 50-70 per cent. — of raw milks in this country in which coliform bacilli are 
found contain not the true Bact. coli but organisms of the intermediate or aerogenes- 
cloacae types. These organisms come mainly, not from feces and urine, but from 
soil and grain, and their presence therefore in milk cannot be regarded as an index 
of excretal pollution ; (2) the true Bad. coli organisms that are found in milk 
appear to come either directly from cow-dung and manure, or indirectly from un- 
sterilized milk utensils in which bacterial multiplication has occurred. If they are 
derived from the latter source, they clearly afford no index of direct excretal pollu- 
tion. If they are derived from the first source, their presence may be considered 
objectionable on the ground that organisms pathogenic for man are sometimes 
present in the intestinal canal of the cow. The presence, however, in milk of 
excretal material of bovine origin must be regarded as very much less dangerous 
for man than that of human origin. (3) Unlike water, milk affords an admirable 
medium for the growth of coliform bacilli. If it is kept at a temperature of 50° F. 
or over, a great increase in their numbers may take place, a rise of several thousand- 
fold often occurring at 60° F. within 21 hours (see Ayers and Clemmer 1918, Finkel- 
stein 1919, Sherman and Wing 1933). Unless, therefore, the milk has been kept at 
40° F. or less, an estimation of the coliform bacilli affords only a very imperfect, 
and often entirely misleading, index of the extent of the original contamination. 
With a milk produced and kept under ordinary conditions, it is impossible to te 
how many of the coliform bacilli gained access at the time of production, and ow 
many are due to the multiplication of those originally present. 

It will thus be seen that none of the three premises on which the scienti c 
application of the coliform test to water in this country is based holds true or 
milk. Even a differentiation of the coliform group into its constituent types is 
not likely to help us, since (a) it is impossible to tell how many of the different ypes 
were original contaminants and how many have resulted from growth, an ( 
organisms of the fecal coli group are not necessarily derived directly from excre 
material, but may come from unsterilized milk utensils on which they ave e 
multiplying perhaps for several generations. . . 

The presence of coliform bacilli in small numbers in water or milk is no in i ^ 
objectionable ; it is merely as an index of the possible accompanying P re ^ e ^ jno j i 
pathogenic organisms that it is of importance. In milk, the coliform tea c ® ^ 
be used as an index of direct excretal pollution, for though it is true tha i ® 
gains access to milk, coliform organisms will probably be found, the reverse ^ ege 
sion does not hold true. There are so many other sources on the farm o 
organisms that their presence in milk cannot be held to justify the co ^^ 0 ]jf onJ i 
the milk has necessarily been contaminated with excretal material. e wjjtch it 
test on milk fails to provide us with that specific qualitative informa ion ^ 
supplies in the case of water, and as a general method of grading, there ore, 
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peculiarly fitted to gauge the keeping quality of the milk. The plate count yields 
a static picture of the bacterial population : the methylene blue reduction test 
affords a dynamic picture. {For comparison between the two tests see Wilson el at. 
1935, Nichols and Edwards 1936, Asdrubali 1939, Barkwortb, Irwin and Mattick 
1941, Pullinger 1915, 1946, Provan and Rowlands 1949, Galesloot 1949, Rowlands 
et al. 1950, Johns 1952.) 

(8) The Resazurin Test. — The principle of this test, which owes its practical 
introduction mainly to the work of Ramsdell, Johnson and Evans (1935), is the 
same as that of the methylene blue test. The test consists essentially in adding 
to the milk a solution of resazurin to give a final concentration of 1/200,000, 
incubating at a given temperature, and observing the time taken to bring about 
a change in the colour of the dye, or alternatively noting the colour reached after 
a given time. The colour passes from blue, through various shades of purple 
and mauve, to pink, and ultimately to complete decolorization. The change 
from blue to pink is due to the irreversible reduction of resazurin to resorufin: 
the change from pink to colourless is due to the reversible reduction of resorufin 
to hydrorcsorufin. The colour can be assessed by a suitable comparator. Num- 
erous methods of performing this test have been described (see Johns and Howson 
1940, Davis, Newland and Knuckey 1943). In this country a 10-minute test is 
used for the control of “ platform ” milk, that is producers’ milk arriving at a 
creamery, in order to see whether it is clean enough to be bulked with other 
milk. A longer test is employed by agricultural bacteriologists for the control 
of the general quality of milk at the time of production. 

The advantages of the resazurin over the methylene blue test are mainly two. 
Firstly, resazurin changes in colour rather more rapidly, and though complete 
reduction takes as long as or even longer than methylene blue, useful information 
can be obtained by noting a change in colour from'blue to lilac or pink. Secondly, 
resazurin is more sensitive to the cell content of milk, and is therefore regarded 
by some workers as of value in the detection of mastitis. The practical importance 
of these two advantages is dubious. Admittedly a 10-minute test is useful as 
a screen for grossly contaminated milk ; but if the resazurin test is to be use 
as an index of keeping quality and the reduction of the dye observed to the pm 
stage, then there is practically no saving of time over the methylene blue M 
(Anderson and Wilson 1945). Watts and Stirling (1944), in a very careful inves l 
gation, found that the resazurin test, even when carried out on individua 9 uar 
samples, was of limited value for the routine diagnosis of mastitis, and practica y 
valueless for the detection of milk from infected cows when mixed wit 
milk ; in fact, as much as 73 per cent, of the herd milk could be derivei ro^ 
cows suffering from mastitis without significantly altering the result of the resazur 

The disadvantages of the resazurin test are that the dye is not easy to 
and is very sensitive to sunlight, that the colour change has to be fo 
a comparator, and that the lilac and pink stages are not easily apprecia^ ^ 
persons whose vision is insensitive to red colours. In general terms i 
said that the resazurin test is more influenced by abnormal milk such as c ° 
late-lactation milk, milk from cows with mastitis, and by milk containing o 
with low reducing powers, but that the methylene blue test affords 
index of bacterial contamination of the milk. count 

(9) The Laboratory Pasteurization Test. — This consists in making 3 P 3 e 
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Soaps, the sodium and potassium salts of higher fatty acids, are mildly 
germicidal in themselves, but probably what disinfectant action they possess 
may be accounted for on the basis of mechanical removal of microorganisms 
by emulsification of the lipoidal secretions of the skin in which many bacteria 
become embedded. The surgical soaps, containing a disinfectant, are not as 
effective germicides as might be supposed, although somewhat more bacteri- 
cidal than ordinary soaps.-' The slight bactericidal action of fatty adds is 
apparently attributable to the hydrogen ion. During recent years a group of sub- 
stances similar to soaps, the sodium alkyl sulfates (such as Drene and others), 
have come into widespread use. These, like soaps, are anionic detergents. 
Some of these have been found to inhibit the growth of some bactena in 
relatively high concentrations (0.1 per cent), but the activity is markedly 
selective, gram-positive bacteria being inhibited but gram-negative bacteria 
not affected. 

Reduced surface tension in itself has little detrimental effect on bacteria, 
although it might be supposed that a germicidal substance which markedly 
reduced the surface tension of water would be more effective as a result of 
concentration at the bacterium-water interface. In the case of surface-actne 
germicides it has been observed that wetting action and bactericidal proper- 
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ties are closely correlated. Whatever the mechanism, it has been found that 
wetting agents apparently increase the bactericidal action of undissociated 
phenols.- 2 In contrast with the soaps and alkyl sulfates, the salts of quaternar) 
ammonium bases are cationic detergents. These have been of interest in 
recent years and appear promising as germicides, especially those having 
to 16 carbon alkyl chains. Very many, perhaps a thousand, of these com 
pounds have been synthesized and are marketed under various trade names 
such as Phemeral, Zephiran. Roccal and the like. These are definite texture 
of related compounds that differ in the number of carbon atoms in the a 7 
chain. They are usually most effective on non-spore-forming gram-positn^ 
bacteria such as staphylococci and streptococci, and less so on gram-negatn 
forms such as the enteric bacilli. The high degree of bactericida actn V, 
which they show in the phenol coefficient type of test is, however, arge . 
spurious. 2 * 0{ 

Ethyl alcohol and ethyl ether, often used as skin disinfectants, are 
good germicides Their effectiveness probably lies in the solution o 
lipoidal secretions of the skin and consequent mechanical removal ° 
organisms. Absolute alcohol has little or no germicidal activity. T he ^ atct 
cidal activity of alcohol-water solutions increases with the addition o \ 
but 50 per cent alcohol and less has little activity; 70 per cent is t ie co ” j 
tration usually used for skin disinfection. Absolute propyl an lS0 P 
21 See Morton: Jour. Amer. Med. Assn., 1944, 22*4*1 195 iqdg 12*105 

23 See the review of surface-active agents by Glassman Bact Bev., ’ ,V- _ 0 j )l ' o J , 
2i For a discussion of these compounds see Rahn and van Eseltmc Ann 
1947, 1 : 173 . 
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title of “ aggressin,” did not long remain unchallenged. Wassermann and Citron 
(1907) contended that the aggrcssins were simply products of bacterial growth, or 
of bacterial autolysis, which could be prepared in the test-tube by suitable methods. 
Citron (1906) showed that the addition of bacterial extracts to living bacteria in- 
creased their virulence ; that by the use of such extracts it was possible to immunize 
animals against experimental infection ; and that the serum of such immunized 
animals conferred passive immunity on others. Bail and Weil (190G) maintained 
that the immunity produced by Citron with his bacterial extracts was far less 
effective than that produced by natural aggressins, and that it was different in 
kind ; though it is not entirely clear on what differential criteria they relied in 
distinguishing anti-aggressin immunity from the varieties previously recognized. 

Doerr (1906) criticized the aggressin theory on Bomewbat similar grounds, but em- 
phasized particularly the fact that large doses of dead bacilli may cause death in experi- 
mental animals with the lesions described by Bail as characteristic of the aggressin effect. 
He also noted that when sub-lethal doses of killed cultures were added to sub-lethal doses 
of living bacteria the combined inoculum might cause a fatal infection of the aggressive- 
type. This additive effect did not appear to be in any way specific, but some killed cultures 
were more effective than others. For instance, dead typhoid or dysentery bacilli were 
more aggressive than dead staphylococci. In addition, Doerr demonstrated that aggressive 
exudates did, in fact, contain ordinary bacterial antigenB, because a typhoid exudate gave 
well-marked precipitation with an ordinary antityphoid serum. 

Sauerbeck (1907) also criticized Bail’s hypothesis. Ho concluded, from the results 
of a large series of experiments, that aggressivo exudates arc not lacking in toxicity, since 
two or three times the amount that produces the characteristic aggressive effect will kill 
an animal within a few days in the absenco of living bacteria ; that the activity of a given 
aggressive exudate is in no way proportional to the virulence of tho organism that produced 
it, but rather to its toxigenicity ; that characteristic aggressivo effects can bo produced 
with toxic bacterial products that have been prepared in the test-tube; and that the 
aggressive action, whatever its cause, is entirely non-specific. His findings as regards 
the heat-lability of the aggressive bacterial products also differ from Bail’s, since he states 
that they were not reduced in potency till they wrerc heated at temperatures between 
55° G. and 70° C. 


Dudgeon's (1912) studies of the properties of exudates obtained from natural 
and experimental infections made it clear that one of the mechanisms in the total 
aggressin effect was a specific anti-opsomc action. 


He obtained exudates from natural infections in man or from experimental Infections 
in animals. The exudate, after the separation of as much material as possible by centri- 
fugation, was mixed with an equal volume of normal serum, or of serum from an immunized 
man or animal. After 1 hour’s incubation at 37° C. leucocytes and bacterial suspension 
were added to each mixture, the mixtures were rc-incubated for 15 minutes and films 
were prepared from the contents, the degree of phagocytosis being determined in the 
usual way. In control tubes the exudate was replaced by Bahnc. In each case the opsonic 
effect of the serum, and of the serum-exudate mixture, was determined against the bac- 
terium causing the infection and against some related organism. Tiie results shown in 
Table 73 lUustrato an effect commonly observed. Tho exudate came from a subcutaneous 
staphylococcal abscess ; the antiserum was from tho infected patient ; and the normal 
serum from an uninfected control. The sera and the scrum-exudate mixtures were tested 
against the strain of staphylococcus grown from the abscess and against a strain of Bad. coh . 

The exudate alone had a slight opsonic effect, but it specifically diminished the opsonic 
action of normal or of immune serum on Staph, aureus, leaving unaffected their opsonic 
action on Bad. coli. The substances responsible for this specific anti-opsonic effect were 
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Designation 

Tuberculin 

tested 

General ^ Bacteriological 1 _ 

Conditions | Requirements 1 Remarks 

Must come from an 
Attested herd, or 
from a herd in which 
veterinary inspec- 
tion and tuberculin 
tests are carried out 
as specified by the 
Minister of Agricul- 
ture and Fisheries. 

Must not decolorize 
methylene blue in 
4J hr. 1 May to 
31 October, or in 
5J hr. 1 Nov. to 
30 April. 1 

(i) If bottled on farm, may he 
labelled Tuberculin Tested 
(Farm Bottled). 

(n) If pasteurized, must not de- 
colorize methylene blue in 
30 min., s or give a phos 
phatase reading of over 
2-3 Lovibond units 
(ui) If sterilized, must pass the 
turbidity test. 

Accredited 

i 

1 

Must be derived from 
a single herd only 
Herd must be sub- 
ject to veterinary 
inspection and must 
not contain any 
animal known to 
react to tubercu- 
lin. 

Same ns for Tuber- 
culin Tested milk. 1 

Designation valid only till l 
October 1954 when this grade 
was abolished. 

1 

Pasteurized 

Milk must be kept at 
a temperature (l) of 
145-150° F for at 
least 30 mm., or (u) 
of 161° F. for at 
least 15 see , and be 
immediately cooled 
to 50° F. or below. 

Must not decolorize 
methylene blue in 
30 mm ,* or give a 
phosphatase reading 
of over 2 3 Lovi- 
bond units. 

cords must be preserved for at 
least a month. H.T S.T. plant 
must be provided with an auto- 
matic flow-diversion valve. 
Sale of loose milk forbidden 
after 1 October 1954 

Sterilized Milk must be kept at Must pass the tur- 1 Sterilizing plant must be ap- 

a temperature of not bidity test. proved by the licensing ; Humor- 
less than 212° F for dy. and must be provided wit 

a time sufficient to the specified thermometers i an 

ensure compliance pressure gauges Milk must u 

with the turbidity i heated in bottles, an 

test. bottles must he sealed alter- 

i wards with an air tight seal. 


1 If the sample is taken before the milk has been placed in bottles or other- < con J®j" e ^ an 
delivery to the consumer (i.e producers' mill), it must be transferred to the a ora } — )V 


milk, and a sample ol 
as an evening milk 

be cooled to between A 

before examination ... ml ,_ t (, P transferred 

The bottle or container for delivery to the consumer (i e consumers milk.) m within 

to the laboratory in an insulated container- If it cannot be delivered to the la o r arf(F< . 3 
this time, it must be packed in ice. If the sample cannot be examined imme * * a(ure f„r 
at the laboratory, it must be cooled to between 32° and 40° F. and kept at tni F on t be 
not more than 24 hours before examination Any sample not reaching the i gjnce the 

day on which it is taken must be discarded unless it has been kept packed 
previous day. - . . i -—»-»• on 

* The sample must he pac 



150 Effect of Physical and Chemical Agents on Bacteria 

staphylococci and similar organisms in 1:2,000,000 and to the relatively 
fragile gonococcus in dilutions of 1: 10,000,000 to 1:50,000,000. The gono- 
coccus is killed by exposure to the dye in dilutions of 1:80,000 to 1:400,000 
within two or three minutes. 

Gaseous Disinfectants. The use of bactericidal gases for the disinfection 
of rooms, dwellings and the like (fumigation or terminal disinfection) has 
declined markedly in recent years with no coincident increase in the preva- 
lence of infectious disease. The commonly used gases, formaldehyde and 
sulfur dioxide (generated by burning flowers of sulfur), are probably not bac- 
tericidal as gases but in aqueous solution and are effective, therefore, only in 
the presence of adequate amounts of moisture (a relative humidity of 60 per 
cent or higher). Sulfur dioxide in aqueous solution (sulfurous acid) probably 
owes its germicidal qualities to its acidic nature. Formaldehyde, usually sold 
under the trade name of formalin (a 33-40 per cent solution of the gas in 
water), has greater penetrating power and is a more effective germicide than 
sulfur dioxide. Other gases such as hydrogen cyanide have little or no effect 
on bacteria. Although the value of terminal disinfection is open to serious 
question, that of disinfestation is well established and the gases, hydrocyanic 
acid in particular, are widely used for the destruction of rats aboard ship, etc. 

Aerosols. The use of aerosols, bactericidal compounds finely dispersed in 
the air, for the destruction of air-borne pathogenic bacteria has been developed 
in recent years, especially by Robertson and his co-workers. 20 These investi- 
gators first used propylene glycol as a vehicle for bactericidal compounds but 
control experiments indicated that the glycol alone (volatilized by beat) was 
equally effective. Triethylene glycol is the glycol now most commonly used. 
The glycol is relatively non-toxic and the vapor may be breathed with im- 
punity, but bactericidal concentrations of 50 per cent or higher are attame 
when droplets come in contact with suspended microorganisms. The rate o 
destruction of air-bome bacteria is in agreement with the assumption that t e 
glycol molecules in the vapor state condense on the bactcria-containing drop- 
lets, and efficacy is associated with a low vapor pressure, high hygroscopicity 
and, of course, toxicity for the bacterial cell substance. 27 Other ')’°/* erS 
used dispersed hypochlorite and ultraviolet irradiation to kill air-borne a 
teria but these methods are not too promising. These results are o consi 
ably more than ordinary significance in that they make possible t e con r 
of air-borne infection (p 231); the respiratory diseases have hitherto spre 
in the human population without hindrance. 28 , rterio- 

Tlie Specificity of Disinfectants. The marked specificity of the a ^ 

static and bactericidal activity of the dyes has been referred to a ° v • 
property of differential toxicity is not confined to these compouns 
however, but is exhibited to some degree by many of the bactenci . 

icals. The hypochlorites, for example, while powerful germici es 
bacteria, have little effect on the tubercle bacillus. In general, t e ^ cr 
heavy metals are least specific in their action and dyes tne mos , 

JSRob«tson el d.: Jour. Exp. Med, 1942, 75-593; iMA, 1943, 78:387; Same, 1943. 


27 Puck: Jour. Exp Med., 1947, 85:729, 741. 1946 5 538 . 

2 % S e e for instance, the review in Bull. U. S. Army Med. Dep •• 
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by Pasteurized milk, the milk had been filled into contaminated churns or bottles ; 
in 1 the milk before pasteurization was heavily contaminated with Staph, aureus 
with the result that the milk after processing probably contained undestroyed 
staphylococcal enterotoxin ; and in 1 outbreak caused by Pasteurized milk and 

TABLE 195 

Recorded Outbreaks of Milk-borne Disease in Great Britain in 193S-52 
(excluding Tuberculosis, Undulant Fever and Q Fever, and Outbreaks 
due to Milk Products sucii as Ice-Cream, Cheese, and Cream Buns) 


Disease 

No of 
Outbreaks 

No of Outbreaks 
in which Number of 
Persons affected is 
stated 

No of Persons 
affected in these 
Outbreaks 

Scarlet fever and septic sore throat 

14 

14 

815 

Diphtheria 

G 

G 

37 

Typhoid fever 

8 

8 

57 

Paratyphoid fever 

13 

13 

309 

Dysentery . 

21 

20 


Gastro-enteritis .... 

48 

44 


Infectious hepatitis 

2 

2 

163 

Total 

112 

107 

7,110 


m the 2 outbreaks caused by Sterilized nnlk the milk was heavily contaminated 
with aerobic spore-bearing organisms which had apparently grown m the milk after 
processing 

In the United States Armstrong and Parran (1927) recorded 612 milk-borne 
outbreaks occurring during the preceding 20 years, and Andrews and Fuchs (1918) 
recorded the figures for the 23 years 1923-45 (Table 196). 


TABLE 190 

Outbreaks of Milk-borne Disease in the United States of America, 
1923-45 (modified from Andrews and Fuchs 1948). 


Disease 

No of 
Outbreaks 

>'o of 

Cases 

No of 

Deaths 

Scarlet fever and septic sore throat 

202 

19,190 

182 

Diphtheria 

18 



Typhoid fever 

440 



Paratyphoid fever 

27 



Dysentery . 

20 



Gastro-enteritis 

196 



Miscellaneous . . . 

18 



Total 

921 

39,902 

801 


This table again affords merely a conservative estimate of the freque ^ 
milk-borne epidemics, and from previous experience there is reason to ^ 
many outbreaks are not recognized or are not recorded (Brooks 193 ). ^ (j rCll t 

noted that the relative incidence of enteric fever is very much higher t ian » 

Dolman (1941) in Canada collected records of 67 milk-borne outbreaks 
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country two methods are permitted. The Holder process consists in raising the 
milk to a temperature of 145-150° F., holding it at this temperature for 30 minutes 
and immediately cooling it to 50° F. or below. If this process is carried out iil 
properly designed plant free from mechanical defects (see Scott and Wri»hfc 1935 
Dalrymple-Champneys 1935), and supervised by intelligent and conscientious 
operatives, it can be relied upon to destroy all pathogenic organisms in the milk. 
In the so-called High Temperature Short Time process the milk must be kept 
at a temperature of not less than 161° F. for at least 15 seconds and then cooled 
to 50° F or below. (For description of planning and operation of pasteurizing 
plants sec Report 1953.) 

The adequacy of heat treatment may be controlled by the phosphatase test 
(Kay and Graham 1935, Kay, Aschaffenburg and Neave 1939, Memo. 1943, Report 
1944), which depends on the fact that the enzyme phosphatase, which is normally 
present in milk, is destroyed by a temperature of 145° F. within 30 minutes or of 
162 9 F. within 15 seconds. The test is carried out by incubating the milk in the 
presence of a buffered solution of disodium phenyl phosphate. The amount of 
phenol that is liberated is measured by adding Folin and Ciocalteu’s reagent and 
estimating the depth of the resulting blue colour by a Lovibond tintometer or, 
more simply and approximately, by a Lovibond comparator. Raw milk gives 
figures of about 50 blue units, but in properly pasteurized milk the number of 
units is reduced to 2-3 or less. This is a most valuable test and can be used in 
practice to ensure that the processing of the milk is carried out satisfactorily. 
Phosphatase is slightly more resistant to heat than the tubercle bacillus, bo that 
a negative phosphatase result is strong presumptive evidence in favour of the 
safety of the milk. 

The objections that have been raised to pasteurization, though often made 
on apparently scientific grounds, are determined almost entirely by economic 
or political motives The farmer, especially the producer-retailer, may not obtain 
such a high return for his milk if he has to pasteurize it himself or send it to a 
pasteurizing depot as if ho sells it directly to the customer in its original raw an 
possibly dangerous state. Producer-retailers, moreover, are afraid that pasteuriza- 
tion will lead to their being gradually absorbed by the big milk combines, whic 
can of course afford to pasteurize and bottle their milk under very much mm® 
favourable conditions than is possible for a small producer. Though appreciating 
the force of these motives, we must not allow the public health of the nation 0 
be sacrificed to the financial interests of a small section of the community. 

One of the chief objections that has been raised is that pasteurisation lowers 
the nutritive value of the milk. The evidence for and against this contention a 
been reviewed by several workers (see Stirling and Blackwood 1933, Report « 
1936, 1937-39, Bcndixen et al. 1937, Wilson 1942). The main effects of pasteuriza- 
tion by the Holder method at 145 Q -150° F. for half an hour followed by imme ia 
cooling to 50° F. or below are as follows : (1) the cream line is reduced J * 
10-30 per cent. (2) About 5 per cent, of the lactalbumin is coagulated. \ ) ^ 

is a diminution of about 5 per cent, in the soluble calcium and phosphorus. ( ) 
is some destruction, amounting usually to about 10 per cent., and e . « 
to 25 per cent., of Vitamin B,. (5) There is a variable diminution in -the i ^ ^ 
content, dependent on the degree of previous exposure of the . ^ ^ ^ ' ' d; 

presence of copper in the pasteurizing plant, and the amount of dissolve o 7^’ 
at present, the average reduction is about 20 per cent. (6) Some ot 
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stantially correct. 34 For example, the bacteriostatic action of a wide variety of 
derivatives of sulfanilamide is nullified by p-aminobenzoic acid and related 
compounds which will give it on hydrolysis. The relationship between the 
antagonist and drug is a quantitative one; the ratios usually reported vary from 
1 : 1000 to 1 : 26,000 but are considerably nearer unity if the presence of 
antagonist in the test medium and the ionic concentration of the drug are 
taken into consideration. 


It may be noted that, as a corollary, specimens of blood, urine or other body 
fluids taken from an individual undergoing sulfonamide therapy may contain 
sufficient amounts of the drug to inhibit bacterial growth when they are cul- 
tured. The inhibiting effect may be avoided by including p-aminobenzoic 
acid in the culture medium; a concentration of 5 mg. per 100 ml. is adequate. 

With generalization of the idea of competitive inhibition of essential metab- 
olic reactions, antagonisms to other bacterial vitamins may be predicted and 
tested. This has been done, especially by Mcllvvain. It has been found that the 
modification to produce an analogue may vary and may include the replace- 
ment of a carboxyl group with a sulfonic acid or sulfonamide radical, or by a 
ketone, by the substitution of one atom for another in the ring system of 
aromatic metabolites, the replacement of alkyl side chains of ring systems with 
halogens, etc. For example, sulfonic acid and sulfonamide analogues of 
nicotinic acid and pantothenic acid have been prepared by substitution of 
— SO a H or — S0 2 NH 2 for a carbonyl group and have been found to be 
specifically antagonistic and inhibitory. Similar results have been obtained with 
pynthiamine, the pyridine analogue of thiamine. The reverse kind of experi- 
ment has been carried out also. Iodinin, the di-N-oxide of a dihydroxy 
phenazine, is a pigment produced by Chromobacterium iodinum which in- 
hibits the growth of certain bacteria. The inhibitory effect can be nullified by 
certain anthraquinones and naphthaquinones, from which it may be inferred 
that quinones play some part in bacterial metabolism, possibly in the transpor 
of hydrogen. As yet none of the analogues tested have had practical 
therapeutic activity though some effect may be observed; large doses of t io- 
panic acid (pantylyltaurine, an analogue of pantothenic acid) protects rats 
against lethal doses of hemolytic streptococci. 

It may be noted in passing that the generalization of this theory seems 
remain valid when carried over to higher organisms. Thus, symptoms o vi^ 
min deficiency may be produced in experimental animals by - n 

analogue of the vitamin, c.g., pyrithiamine, glucoascorbic acid, iso-ri a 
and the phenazine analogue of riboflavin, /3-acetyl pyridine (an ana ogu 


nicotinic acid). mmolex 

The mechanism of competitive inhibition is in most cases more ^ 
than here indicated. It is frequently assumed that analogues compe ^at 
metabolites acting as coenzymes, but in general the evidence »ca # 
the competition occurs when the metabolite acts as a substra c r m _j eX 
coenzyme. As a substrate, the metabolite is synthesized into a ^ f0 

molecule which functions as a coenzyme, or it may be degra * ;tfon 
synthesis. Thus, p-aminobenzoic acid is a part of folic acid ^ ^ ReV „ 
a* See the reviews by Wooley: Advances m Enzymology, 1946, 6 129, y 
1947 27:308; Hotchkiss: Ann. Rev. Microbiol., 1948, 2-183 
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The cleanliness of chums and bottles can be assessed by means of a plate count 
carried out on suitable rinsings. The method of examining bottles is described in 
full by Hobbs and Wilson (1913) in their report on the comparative efficacy of 
different methods of washing and sterilizing bottles. Briefly it consists in taking 
6 or 12 representative bottles, adding to each 20 or 30 ml. of \ strength Ringer’s 
solution according to the size of the bottle, rolling the bottle to ensure that the 
whole of the internal surface is thoroughly wetted, allowing the bottle to stand 
for 15-30 minutes, again rolling it, and then preparing duplicate plates each with 
5 ml. of the rinsings. The plates are prepared with Ycastrel milk agar (Memo 
1937), and arc incubated one at 22° C. and the other at 37° C. for 3 days, after 
which the colonies arc counted. The following standards arc generally accepted 
m this country : 

Less than GOO colonies per bottle . . . Satisfactory 

000 to 2000 „ Fairly satisfactory 

Over 2000 „ „ „ ... Unsatisfactory 

The examination of churn rinsings is carried out in an essentially similar way. 
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uptake in respirometers as by methods using death as an end point. Many of 
the important antibacterial substances, however, do not appreciably affect the 
respiratory mechanisms and there is reason to believe, in some cases at least, 
that they interfere with synthetic mechanisms; for example, there is some evi- 
dence that the sulfonamides interfere with synthesis. Other compounds, such 
as azide and dinitrophenol, actually increase oxygen uptake, in the presence of 
carbohydrate substrates, but the increased oxidation is due to a prevention of 
assimilation of carbon by the cell. It will be clear that, while information as to 
the precise point of attack of antibacterial substances on cell metabolism is far 
from complete, a variety of mechanisms is not only possible but operative. 

Potentiating and Interference Effects. As yet unexplained are the results 
of mixing antibacterial substances. In some cases, of course, the antibacterial 
activity of two substances is simply additive. In others, however, the effect is 
potentiating in that the activity of the combined substances is greater than 
a purely additive activity, and the activity of some compounds may be en- 
hanced by mixture with inactive ones. Such potentiating effects are observed 
in the combination of penicillin (p. 131) with gramicidin (p- 128) or sul- 
fonamides, or in the combination of sulfonamides with azochloramide. The 
activity of sulfonamides may be enhanced by mixture with inactive substances 
such as carbamates, urea, asparagin, and the like. In still other instances, 
notably the incorporation of bactericidal substances with soaps, the combined 
effect is less than an additive one. 

Factors Influencing Disinfection. The process of disinfection or bac- 
terial death is often, in part at least, a chemical reaction and is, therefore, sub- 
ject to a variety of influences which affect the velocity of such reactions 
The most important of these influences is the concentration of the reacting 
substances, j.c., the concentration of disinfectant and the numbers of bacteria 
present. The effective concentration of disinfectant is, in turn, dependent 
upon two other factors, first, the presence of moisture, which makes possib e 
coagulation by heat, and ionization of the bactericidal salts, and acts as a 
solvent and suspending medium in which there may be intimate contact 
tween the disinfectant and the microorganism; and, second, the presence o 
extraneous organic matter. Many chemical disinfectants act through a com ina 
tion with the protein of the cell and, if extraneous organic matter is F esen • 
will, of course, react with this inert material, thereby reducing the e ertive 
concentration. Disinfectants vary widely in the degree to which t icir 
tericidal properties are affected by organic matter. The salts °f f- c 
metals arc rapidly precipitated by organic material, while compoun s sue a 
phenol and the cresols are only slightly affected. The rate of desMcM 
heat is also affected by the presence of organic matter— organisms em e 
m a mass of fecal material, for example, are protected from heat or a , 
time. The process of disinfection by germicides or by heat is in uenc ^ ure 
temperature, the velocity of the reaction increasing with rise in , t 

The pH likewise influences the rate of bacterial destruction n°ttm y ^ 
but by many chemical compounds, the velocity, in general, being 
neutrality and increasing with increase in acidity or alkalinity. • .- on 
other factors such as the presence of salts, etc., affect the rate o ,S1 
but generally not sufficiently to be of practical importance. 
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Actinomycosis, cattle farcy, 14G8 
in goats, horses and dogs, 1408 
in man, 1467 
in swine, 1463 
Madura disease, 1467 
mode of infection in, 1463 
Actinorubin, 197 

Activated sludge method m sewage purifica- 
tion, 2306 

Active immunity. See Immunity, active 
Adaptation, enzymic, in bacteria, 340. See 
Enzymes 

Adhesion phenomenon, 280, 1037, 2050 
Adjuvant substances for enhancement of anti- 
body response, 1270-1272, 1870 
Adrenaline, immunity*, local effect of on, 1386 
Adrenocortical hormones, effect of on, antibody 
formation, 1258 


Aerobacler, 377, 761-753, 765 
Aerobes, obligatory, 81, 443 
enzyme systems of, 82 

Aerobic and anaerobic incubation, iw of in 
obtaining pure cultures, 436, 443 
Aerobic spore-bearing bacilli, See Bacillus 
Aerobiosis, 81 el seq, 

Aerococcus, 074 

Aerosols, 2278-2281 

African faor^o sickness, 2225 

Agalactia, contagious, of goats, 1077, 2092 

Agar, 10 

Agglutinating scrum, uso of in obtaining pure 
cultures, 437 

Agglutination, 243. See also Antigen-antibody 
reactions and under individual diseases 
Agglutinins See also Antigen-antibody re- 
actions 

absorption of by bacteria, 244, 318 
cold, m virus pneumonias, 2100 
formation of in response to infection, 1276 
to primary stimulus, 1261 
to repeated injections, 1267 
in whey, 1921 
natural, 1234 el seq. 

for various organisms. See under 
individual diseases 
protective action of, 1203 
Agglutinogens, 225. See also Antigens, bac 
terial 

Aggressins, bacterial, 1215-1222 
antigens, relation of to, 1218 
anti-opsonic effect of, 1216-1218 


Alcoholized T.A.B. vaccine, 1749 
Alcohols, effect of on bacteria, 143 
Alexine, 222, 225 

Alimentary tract, bactericidal mechanisms in, 
1163-1165 

normal flora of, 2251-2258 
suppurative lesions of, 1690 
Alkalies, effect of on bacteria, 135 

on bactericidal action of gastric juice, 
1164-1165 

Allantiasis. See Botulism 
Allergy, 1297-1337 

auto-immunization in relation to, 1317, 
1712 

bacterial, 1328 

relation to immunity, 1330, 1370, 


infection-immunity* in, 1333 
Koch’s phenomenon ns example of, 1329, 
1517 

tuberculin reaction as example of, 1329, 
1517, 1522 

virus diseases in relation to, 1432 
Alpha, antigens, 764 

rays, effect of on bacteria, 126 
a-hydroxyphenazine, 188 
Aluminium salts, effect on antigenic stimulus, 
1270 

Alum-precipitated toxoid in diphtheria im- 
munization, 1579, 1581, 1598 
Amboceptors, 227, 257, 261 
Amino-acids, as essential nutrients for Bac- 
teria, 74 

in bacteria, 60 . 

metabolism and synthesis of in bacteria, 
63-65 

r61e of in bacterial nutrition, 62, 71 
“ unnatural ” in antibiotics, 190 
Amino-acridine compounds in chemotherapy. 


146, 187 . . ... 

Ammonia, methods of examination for, 
inOvlioilS. of docs, 1028, -011 


of horses, 2226 

of rats, 1027^2010^ ^ 


82, 443 

Fusiformis 


(0-1996 
See Clos- 


tridium 

naerobiosis, 81 et seq. , „ 

in identification of bacteria, 4 3b, 4 
methods of producing, 977 {de to , 

possible relation of hydrogen p 

83 . . .1 m, 82 


liquid, eueot oi ou oactejia, 

2053 

Alastnm, 2111, 2117 

Alcohol, effect of on immunity, 1387 

Alcohol precipitation test for milk, 2318 


anaphyiaioiiu 

bradykimn m, 1313 
cellular hypothesis of, 
desensitization in, 1304 

baptens, role of in, 1303 
heparin in, 1300 


1305 
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Antibodies, formation of, “ paralysis " of, 
1239, 1262, 1288 

persistence of antigen, in relation to, 
1286-1288 

pneumococcal polysaccharides, in re* 
sponso to, 1888 

primary stimulus, in response to, 1261 
protein depiction, effect of on, 1369 
repented injections, effect of on, 
1305-1969 

reticulo endothelial ByRtcm, role of 
in, 1254 

secondary stimulus, in response to, 
1265 

spleen, role of in, 1254 
sulphonninides, effect of on, 1395 
temperature, effect of on, 1381 
various factors, effect of on, 1255- 
1250 

various tissues, rolo of in, 1233-1261 
vitamins, water-soluble, effect of on, 
1377 

\ nhuuc of inoculum, effect of on, 1270 
X-rays, effect of on, 1256, 1238 
general properties of, 223, 280 
“ heavy,” 283 

heteroplule Nee Forssman antibody 
inapparent, 235, 245, 290, 1324, 1910 
modification of, by chemical and physical 
means, 285 
by enzymes, 287 
molecular u eight of, 281, 283 
monospecific, heterogeneity of, 289 
natural, 1223-1249 

age in relation to, 1242 
antibacterial antibodies, 1234, 1243- 
1248 

agglutinins, 1234 et seq. 

Brucella infections, 1904 
for red blood cells, 1236- 
1239 

in latent Salmonella infec- 
tions, 1730 
bnctcricidins, 1235 
(omplcment-fixing, 1235 
C-reactivo protein, relation of to, 
1241 

immunological significance of, 
1246 

origin of, 1243-1246 
antitoxins, 1223 et seq. 

in blood of normal horses, 1233 
immunological significance of, 
1233 

origin of, 1224-1233 

environment in relation to, 
1228 et seq. 

rate of development under dif- 
ferent conditions, 1231 
viricidal, 1414 et seq. 
physiological fate of, 128 3 
possible inclusion of antigens in, 1285 
protective action of tn rtro, conditions 
of, 1204-1207 

protein nature of, 280 et seq. 
purification of, 281 
reagins, relation of to, 1322 


Antibodies, serum globulins, relation of to 
223, 281 

site of formation of, 1253-1261 
transference of no colostrum, 1225-1227. 
1213 

t ia uterus, 1225 et seq., 1237-1238 
unity or diversity of, 283, 291, 332 
valency of, 291 
varieties of, 283-285 
various names of, 224 

Antibody-forming apparatus, 1253-1291, Set 
Antibodies, formation of 
Antibody globulin, 2S0 
varieties of, 283 
Anti-endotoxins, 1148 
Antiformin, use of in obtaining pure cultures, 
430, 1513 

Antigen-antibody reaction 1 *, 22f-307 

adsorption in, 288, 248-251, 275, 318-321 
agglutination, 243 

cohesive force in relation to, 216 
electric charge in relation to, 216 
electrolytes in relation to, 246 
in diagnosis. See under individual 
diseases 

of carrier partic’es, 279 
optimal antigen-antibody ratio m 
relation to, 244 

potentiation of, methods of, 260, 278 
tests of lattice hypothesis in, 252 
nlc.xine, 222, 225 .... 

anticcn anil antibody, combination i of, in 
varying proportions, 230-238, -48, 
267, 275 

nature of union of, 305 
antigenic specificity, surface structure in 
relation to, 305 

Arrhenius and Madsen s theory' of, —9, -75 
bartencidins, 261 
bacteriolysis, 221, 201 

Neisscr-W’echsberg phenomenon m, 
2C1 

Pfeiffer's reaction, 221, 11W> 16 “ 4, 
2020 

bacteriotropins, 223, 270 

complement, relation of to, - , 
electric charge in relation to action o , 

opsonins, relation of to, 2<0 
Bordet's theory' of, 228 am 

capsular swelling reaction, -*9. bb ’ 

combination in varying proportions, 230- 
238 o 

complement, 222, -->> 

nature of, 262 
unity or diversity- of, -D- 
complement fixation, .6 < inda idual 

in diagnosis. See unaer 
diseases 
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a chemical process, as for example the precipitation of constituent protein as 
proteinates of heavy metals, the evidence does not justify the conclusion that 
the reaction is monomolecular. The fallacy is the old one of confusion of cor- 
relation and causality under the slightly different guise of description and 
mechanism. Experimental evidence has indicated that while such semiloga- 
rithmic plots may often be fitted with a straight line, others are best fitted by 
sigmoid curves, the death rate being more rapid in the beginning in some 
cases and more rapid at the end in others or even highly irregular. Some 
workers 37 have concluded that one of the more important determining factors 
is a graded biological resistance of the cells in the bacterial population, an 
explanation that is supported by general biological considerations. Undoubt- 
edly the phenomenon of bacterial death is a complex of interrelated factors 
whose admixture with the mechanics of the mass law results in the parameters 
determined by mathematical means. Of practical importance, however, is the 
fact that in disinfection by chemicals and by heat there is a minority of cells, 
possibly more resistant, that survive long after the majority have perished 
and that must be destroyed in order to obtain complete sterilization. 

The Standardization of Disinfectants. The relative bactericidal ef- 
ficiency of the chemical disinfectants is a point of considerable practical im- 
portance. The value of a quantitative method for the determination of the 
killing power of germicides was recognized early in the development of bac- 
teriology, and experimental investigation led to the establishing of a standard- 
ized technique which made possible the determination of the bactericidal 
power of a given chemical compound relative to that of phenol. The nu- 
merical value so determined is termed the phenol coefficient and is presumed 
to indicate whether, and to approximately what extent, the unknown is a 
better or poorer germicide than phenol. Later methods of standardization have 
grown out of this procedure. The phenol coefficient of a disinfectant used 
against the typhoid bacillus is calculated as follows: 


Divide the greatest dilution of the disinfectant capable of killing S. typht in tei 1 
minutes hut not in five minutes by the phenol dilution which so kills this, and c 
these figures one into another. In order not to convey a false idea of the accuracy 0 
method the coefficient is calculated to the nearest 0.1 point if under 1, to the neares • 
point if between 1 and 5, to the nearest 0.5 point if between 5 and 10, and to the near 
1.0 point if between 10 and 20. , , l.inn 

For example, if a 1.90 dilution of phenol kills in 10 minutes but not m 5, an a • 
dilution does not kill m 10 minutes, the former is taken as the end P? int £ ® , * a . ' < 

dilution of the unknown disinfectant kills in 10 minutes but not in 5, whi e , 

1 point is the 1 • 350 dilution. The phenol 
3.89 or 3.9, and the unknown has, tw 
Die conditions regarded as standardiz 
, have been defined by the Food and 

Drug Administration. 38 


The effect of extraneous organic matter on the bactericidal povver o a 
infectant is commonly taken into consideration by carrying out the tes 
and without added organic matter. Three per cent of dried fcca m3 e 
dried yeast may be added to the bacterial suspension or the organisms m . 


31 Knaysi Jour. Inf. Dis., 1930, 47:293. |Q ,. 

38 United States Department of Agriculture Circular No. 19o. \y • 
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vi 

Antigens, in rcticulo-cndothehal cells, take-up 
of, 1256 
masked, 304 

nature and properties of, 293 
organ-specific, 293 

persistence in body, effect on immunity of, 
1286-1288 

possible inclusion of in antibodies, 1285 
pro-antigens in relation to, 302 
proteins in relation to full antigenicity of, 
301, 1275 

species-specific, 293 
synthetic, 291-299 

diazo reaction in preparation of, 294 
inducing type-specific immunity 
against pneumococci, 1199 
tolerance to, induced, specific, 1239, 1262 
valency of, 303 
various, names of, 226 

Antipneumococcnl immunity, experimental, 
in rabbit, 1180, 1192, 1190 
Antisopsis, Lister's studies on, 1 1 
Antitoxic immunity, 1171-1175, See also Im- 
munity, antitoxic 

Antitoxin. See also under individual diseases 
avidity of, 276, 1172 

natural, 1223 et seq. See Antibodies, 
natural 

route of administration on, effect of, 1284, 
1971 

unit of, 274, 1130 
Antiviral antibodies, 1421-1430 
Antiviral immunity. See Immunity, antiviral 
Appendicitis, 1690 

isolation of Fusiformis in, 505, 1691 
A.P.T., 1679, 1581, 1598 
Arizona Bub-group of paracolon bacilli, 773 
Arrhenius and Madsen’s theory of antigen- 
antibody reactions, 229, 275 
Arsenic compounds in chemotherapy, 169, 185 
Arsenic-fast strains of spirocha-tcs in relapsing 
fever, 2022 

Arthritis, in rheumatism, 1707 et seq., 1713 
in joint-ill, 765, 1477, 1689 
infective of mice, 477, 1473 
purulent, 1690 
Arthus’ phenomenon, 1313 
Ascococcus mc8cntcrioidcs, 692 
Ascoh’s thcrmoprecipitin reaction, 1917 
Ascorbic acid, effect of on, antibody formation, 
1378 

allergy, 1328 
complement, 265 
immunity, 1375 
toxins, 1377 

Aspergillus, antibiotics from, 192 
Assay, of antibiotics, 198 
of antitoxins, 1136 


Asthma, hypersensitiveness in relation to, 1318 
Atopens, 1319 et seq. 

simple compounds as, 1320 
Aujesky’s disease, 2186 
Aureomycin, 195 

Note. — For the less common species 


Australian X encephalitis, 2151 
Autoclave temperatures and pressures, 131 
Auto-disinfecting- mechanism of alimentary 
tract, 1163-1165, 2253 
of conjunctiva;, 1167 
of genital tract, 1167, 2262 
of noso and nasopharynx, 1 165 
of skin, 1161 
Autotrophic bacteria, 70 
Autumn diarrhma in cattle, 1927 
fever of Jnpnn, 2053 
Avidity of antitoxin, 276, 1172 
A zotobacter, 586-588 
agihs, 586, 588 
beijerincti, 586 
chroococcum, 580, 587 
vinelandii, 680 
vitreus, 586 
tcoodsloicni, 686 


B.C.G., 1498, 1023, 1529, 1540 
B encephalitis, 2150 
B virus of myelitis, 2165 
Babes-Kmst granules, 25 
in C. diphtherias, 538 
in Neisseria, 022 
in spirochmtcs, 1031 
Bacilhrmia. See Bactermmia 
Bacillus aberdeen. See Salmonella 
abortus. See Brucella 
abort us-bovis. See Salmonella 
abortus-equi. See Salmonella 
abortus-ovis. See Salmonella 
nccra. See Salmonella dublin 
acctobutylicum. See Clostridium 
acidi-lactici. See Bacterium 
ncidophil-rorogenes. See Lactobacillus 
acidophilus. See Lactobacillus 
ncncs. See Corynebacterium 
actinoides. See Actinobacillus 
actinomycetem-comitans. See Actino- 


bacillus 

tegypticus. See Haemophilus 
terofcctidus. See Clostridium 
irrogcnes. See Bacterium ... 

tcrogenes capsulatus. See Clostnd 

rertrycko. See Salmonella typhia murium 
irruginosus. See rseudomonas pyocyanca 
ngihs. Sec Azotobacler 
nlbolactis. See Bacillus 
nlkalescens. See Shigella 
nlkaligencs. Set Bacterium 
ambiguus. -Sec Shigella sckmitzi 
amersfoort. -Sec Salmonella 
amethysthis. See Chrom^*™ 
amylobacter. See Clostridium J 
nnatum. See Salmonella 
nnuatilis. -See Chromobactenum 
araWnoMCCum. to*-**"- 

asiaticus. See Bacterium 
asteroides -See Actinomyces 
aurantiacus. See Chromobactenum 
avisepticus. See Pasleurella 
lalmnntlla. see PP- 823-848 
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gramims. bee Actinomyces 
granulosis. See Bacterium 
grunthal. See Bacterium 
gypsoides. See Actinomyces 
hamioglobinophilus cams. See Haemo- 
philus canis 

hsemoly ticus. See Clostridium , and Haemo- 
philus influenza, 918 
hastiformc. See Clostridium 
havana. See Salmonella 
heiddberg. See Salmonella 
hclcogencs. See Vibrio 
histolyticus. See Clostridium 
hofmannn. See Corynebacterium 
horinrcchei, 775 
hor8ham. See Salmonella 
hvittingfoss. See Salmonella 
icteroides. See Salmonella typhi-murium 
immobilis. See Bacterium 
indicus. See Chromobacterium 
infant is. See Salmonella 
influenzic. See Haemophilus 
intcstinale. See Thermobacterium 
Inverness. See Salmonella 
java. See Salmonella paratyphi B 
javiana. See Salmonella 
]ena. See Salmonella ententidis 
kaukasicus. See Lactobacillus caucasicus 
Kentucky. See Salmonella 
khartoumensis. See Bacterium 
kiel. See Salmonella 
kieiensis. See Chromobacterium 
kocln. See Salmonella 


Bacillus morbificans bovis. See Salmonella 
lot is- m orb iflcans 
morgani. See Proteus 
moskau. See Salmonella enteritidis 
mucosus capsulatus. See Bacterium, 
Friedlander group of 
muenchen. See Salmonella 
multiferment&ns tenalbus. See Clostri- 
dium 

muris. See Actinobacillut and Mycobac- 
terium 

murisepticus. See Erysipelothnx and 
Paslcurella 

murium. See Corynebacterium murium 
mycoides roseus See Chromobacterium 
neapolitanus. See Bacterium 
neasden. See Salmonella 
necrodentnlis. See Lactobacillus acido- 
philus 

necrophorus. See Fusiformis 
nepbntidis oqui, 765 
new-brunswiek. See Salmonella 
newcastle. See Shigella, and Salmonella 
eenftenberg 

newington. See Salmonella 

newport. See Salmonella 

norwich. See Salmonella 

novyi I. See Clostridium ademahens 

ochraceus. See Chromobacterium 

odense, 840. See Salmonella paratyphi B 


kunzendorf See Salmonella cholera-suis 
lactis. See Lactobacillus 
lactis icrogenes. See Bacterium aerogenes 
lactis erythrogenes See Chromobacterium 
lacunatus, 1021 

Jeguminosaruin See Rhizobtum 
lepisepticus. See Pasleurelta 
lepraj. See Mycobacterium 
lexington. See Salmonella 
bgnieresi. See Actmobacillus 
litchfield. See Salmonella 
lomita. See Salmonella 
london See Salmonella 
lutcue See Micrococcus 
macallen. See Salmonella 
madam pensis. See Bacterium 
madurce. See Actinomyces 
mallei See Pfeifferella 
manchester. See Shigella newcastle 
manbattan See Salmonella 
marcescens See Chromobacterium pro 
digiosum 

melaninogenicus. See Fusiformis 
meleagridis See Salmonella 
melitensis See Brucella 
memptus See Salmonella 
minnesota See Salmonella 
mirabihs. See Proteus 
mission. See Salmonella 
mississippi. See Salmonella 
moniliformis. See AcUnobacillus muris 
monocytogenes See Erysiptlothnx 
montevideo. See Salmonella 

Note. — For the less common species of 


Ipmntis mnligm II. Sh CUridim 

ademahens „ „ , 

Icmatis sporogenes See Chstndiu 
bifermentans 

jematoides. See Clostridium 
iderstepoort. See Salmonella 
amenburg. See Salmonella 
pgon See Salmonella 
isepticus. Sec Pasteurella 
innma. See Salmonella 
ira-abortus. See Brucella 
.racbolcr.e. See Vibrio 
ira-influenz.T- See Haemophilus 
iramehtensis. Fee Brucella 
irapertussis. See Haemophilus 
iraputrificus. See Clostridium 
ira-Shiga. See Shigella 

.rasporogenes. See Clostridium 

irasuis. See Brucella 

tridium 
nsacoU. See 

ntoaccticus. Fee Lactobacillus 

Xgen, 

■rtussu. Set Hzmphih* 
murium „ 

iair. See Salmonella cloS . 

ilegmonU 

Indium welchit 
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suspended in 50 per cent serum. It is important to recognize that bacteria 
differ considerably in their resistance to phenol, staphylococci, for example, 
being much more resistant than the typhoid bacillus, so that in strict accuracy 
it is necessary to specify “typhoid phenol coefficient,” “pneumococcus phenol 
coefficient,” etc. 

It is open to question as to whether compounds whose structure and chem- 
ical and germicidal activity differ greatly from that of phenol may legitimately 
be compared with this standard disinfectant. In recent years some workers, 
have departed from the standard procedures, altering them to suit individual 
requirements. The phenol coefficient of an alcoholic solution of a compound 
insoluble in water obviously has little value, as has that determined on an acid 
or alkaline solution of a compound only slightly soluble at neutrality. 39 The 
simple statement that a given germicide has such and such a phenol coefficient 
has, then, little meaning. 

Even assuming, however, that the standard phenol coefficient procedure he 
rigidly adhered to, the test itself is open to serious criticism. The end point to 
be determined is, clearly, sterility— all the test organisms must he destroyed 
The quantitative studies discussed above have shown that although destruc- 
tion may proceed at a regular and rapid rate for a time, the asymptotic tendency 
of the survival curve indicates that sterility or complete destruction is not a 
desirable end point in that it is one that is difficult to determine with a reason 
able degree of accuracy. The practical consequences of the use of this end point 
appear in the form of aberrant results when the time variable is altered. If the 
end point be taken as sterility in two and one-half minutes as in the original 
Rideal-Walkcr method, the phenol coefficient of HgCl* is somewhat more 
than 2, but if the time taken is thirty minutes as in the Chick-Martin modi- 
fication, HgCIo has a phenol coefficient of 550. 40 

Furthermore, the phenol coefficient test does not take into consideration 
the temperature coefficient of the disinfectant under examination, which differs 
with the test organism, 4 1 nor does it measure the effects of changes in con 
centrao'on. A rise in temperature increases the activity of phenol and similar 
compounds much more than that of the salts of heavy metals; doubling t e 
concentration of phenol increases its bactericidal activity approximately 
times, while a similar increase in the concentration of HgCls only rough \ 
doubles its activity. 

It is generally agreed that the rate of killing, t.e., the reaction velocity con- 
stant, is a much more accurate measure than any value whose dentation 
depends upon a sterility end point The relation between concentration o is 
infectant and time required for killing is an exponential one and the reaction 
velocity constant, k, is given by the expression: 


k~CH 

when C is the concentration, n a constant characteristic for each disinfectant, 
and t is time The temperature coefficient may, of course, be determine 

,9 For a discussion of the limitations of the phenol coefficient see Reddish. 

Chem., 1937, 29.1044 

» Chick Jour. Hyg., 1908, S;92, ibid., 1910, 10-237, ibid., 1912. 12 41*. 

« Cf. Tilley. Jour. Bact., 1942, 43-521. 
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Bacillus, anlhracis, tabulated differentiation of 
from pseudoanthrax bacilli, 063 
variants of, 958, 961 
anlhracoides, 963, 964, 968 
breiis, 972 
hutyricus, 969 
carotarum, 956 
cereus, 953 el seq., 964 
cimdans, 953, 957, 972 
coagulant, 954, 956, 957, 972 
fusiformis, 972 
globigii, 969 
graveolens, 968 
laterosporus, 972 
licheniformis, 954, 956, 957, 971 
macerans, 954, 957, 971 
megatcrtum, 953 et seq., 967 
mesentericus, 969 
mesentcricut niger, 969 
tnesentericus ruber, 969 
mycoules, 954, 957, 965 
pants, 969 
pantothenicus, 972 
pasteurti, 954, 957, 972 
pctamtes, 908 
poly my xa, 954, 957, 971 
pseudoanl bracts , 963, 964, 968 
pulvtfaciens, 972 
pumilus, 954, 957, 970 
ramosus, 066 
robur, 905 
rotans, 972 
sphaericus, 957, 972 
stearothermophilus, 050. 957, 974 
subtilis, 953 et seq., 969 
var. atemmus, 953 
var niger, 953 
tropicus, 956, 965 
vulgatus, 969 
Bacitracin, 190 
Bacteremia, 1683 

after operative procedure, I7I5-17IG 
oral sepsis associated with, 1715 
suppression of in immune animal, 1191 
in normal animal, 1180 
Bacteria, aggressive action of, 1215-1222 

f "' B r "' r ' See also 


Bacteria, morphology of, 16-44 
nomenclature of, 370-384 
nutritional requirements of, 70 et seq, 
reproduction of, 37, 97-116 
respiration of in relation to growth, 103. 
2321 

size of, 16, 97, 102, 440 
staining of, 41-44 

susceptibility of to non-specific agglutina- 
tion, 104 

temperature requirements of, 443 
variation of, 335-365. See Variation of 
bacteria 

vinilence of. See Virulence of bacteria 
Bactericidal action of normal and immune 
serum, 221 

Bactericidal substances, use of in obtaining 
pure cultures, 436 

Bactcricidin9, 261. See also Antigen antibody 
reactions 
natural, 1235 
Bactcridie, 1938 

Bacteridium. .See Bacillus anlhracis 
aurantiacum, 720 
Bacteriocine3. See CoUcines 
Bacteriolysis, 221, 261. Set also Antigen- 
antibody reactions 
Bacteriophage, 386-424 

absorption of, specific, by bacteria, 395 
co-factors for, 395 
consequences of, 396 
antibiotics, effect of on, 394, 405 
antigenic properties of, 417 
antiphage sera, 417 
autolytic theory of, 388 
carrier strains among bacteria, 388, 40a 
et seq., 423 

« • ■ — fi »•„ e iiw 


oi, luu 
formation of in, 402 
different types of, 411-421 

classification of, 419 . 

differentiation of, by testing against 
416 


auioirupmc, .o 
cell wall of, 29 

chemical constitution of, 49-51 
classification of, 370-384 
epidemic strains of, 1453, 1666 
examination of, methods used in systema- 
tic, 446-455 

gaseous requirements of, 80, 442 
heterotrophic, 70 
identification of, 440-445 
importance of for life, 2255 
infectivity of m relation to virulence, 
1453-1456 

intestinal, as foodstuffs, 2257 
life cycle of, 37 
metabolism of, 51-88 
modes of division of, 37-40 
in rough variants, 354 


enzyme lueoiy m, jjj 
genetic theory of, 389, 423 
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of, 
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several pimges, 
lusion, in multiple infection, 
uction in lysogenic strains, 
■nt period in, 396 
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THE AOOIiESSIVE ACTION OF BACTERIA 


Further light lias been thrown on the probable nature of the anti-opsonic, sub- 
stances in aggressive exudates during the prolonged and detailed study of the 
factors involved in antipneumococcal immunity. 

Rosenow (11)07) described extracts and autolysates of virulent pneumococci which 
inhibited the phagocytosis of relatively avirulent pneumococci ; he suggested the name 
rirulina for the active substances concerned. 

Cole (1917) observed that empyema fluids from pneumococcal infections contained 
soluble substances which specifically neutralized the protective antibodies in an antipneu- 
mococcal serum, and that similar substances might be present in the blood of rabbits 
suffering from experimental pneumococcal infection. Ho showed that, when an anti- 
pneumococcal serum was injected intravenously into a rabbit previously infected with 
the same type of pneumococcus, tho protective antibodies disappeared very rapidly from 
the blood, and that a similar phenomenon could be demonstrated in patients severely ill 
with lobar pneumonia. 

More recent studies on the antigenic components of bacterial cells (Chapter 8), 
and the demonstration that sensitization to the phagocytic action of polymorpho- 
nuclear cells and macrophages depends upon the union of antibody with an antigenic 
component situated at the surface of the bacterial cell, suggest that the substances 
responsible for the specific anti-opsonic effects of aggressive exudates are dissolved 
bacterial antigens. Landsteiner’s demonstration of the inhibition of antigen- 
antibody reactions by simple haptens (sec p 297), and the tn vitro reactions 
of specific bacterial polysaccharides that fail to stimulate antibody production 
in rit’o, indicate that bacterial haptens, as well as complete antigens, may he 
expected to exert this anti-opsonic effect 

There ia good evidence that this is actually the case. Sia (192G) has studied the action 
of the type-specific polysaccharides of Typo II and Typo III pneumococci on the growth 
of these organisms in serum-leucocyte mixtures from tho rabbit and from the cat. The 
pneumococci were of relatively low virulence nnd developed very poorly in both the 
svrufn-fetrcocyte tnixtarvs employed. The additbn of asinute amounts of Type II pdy- 
saccharide greatly increased the growth of Type II pneumococci, but had little effect on 
the growth of the Type III organisms. The addition of minute amounts of Typo III 
polysaccharide greatly increased the growth of Type III pneumococci, but not of Type II. 

Felton and Bailey (192G) also demonstrated tho aggressive action of Type II poly- 
saccharide, by injecting it into mice, together with relatively avirulent pneumococci of the 
same type, and inducing a fatal infection. Type I polysaccharide had analogous effects 
(Ward 1930), and the anti -bactericidal effect proved to be due to the specific inhibition 
of phagocytosis (Ward nnd Enders 1933) The anti -phagocytic action of the Type I 
polysaccharide ns prepared in the laboratory was not so pronounced as that of Type II 
and Type III polysaccharides. Nor was it ns pronounced as that of extracts of pneu- 
monic lungs infected with Type I pneumococcus (Ward 1932). The discrepancy was 
later resolved by the discovery that the polysaccharide preparations, unlike native 
polysaccharide, were not acetylated (see Chapter 8). Acetyl polysaccharide proved to 
be fully anti-opsonic (Enders and Wu 1934). The aggressive effect of tho pneumococcal 
polysaccharide in human infections ia suggested by the work of Cole (1917) and Park 
and Cooper (1928), who record that a fatal outcome in cases of lobar pneumonia in man 
is frequently associated with the presence in the blood of specific soluble antigen in amounts 
greater than can be neutralized by the antibodies that the patient has produced. 

Downie (1937) observed an aggressin-like effect of Type I pneumococcal polysaccharide. 
Mice immunized with a single dose of polysaccharide were resistant to a given dose 
of Type I pneumococci. When this dose was injected together with 0 05 mgra. of the 
same polysaccharide, the immunity was in most cases abolished. Nye and Harris 



Chapter 6 


BACTERIAL HEREDITY AND VARIATION 


Before the development of methods of isolating bacteria in pure culture many 
observers regarded these organisms as members of a markedly homogeneous 
group, possibly of but a single species, which showed a high degree of 
morphological variation. The interconversion of coccus, bacillary and spiral 
forms was considered to be of common occurrence and, in consequence, the 
observed morphological differences among the bacteria were held to be of no 
significance. This doctrine, designated as pleomorphism, reached its height in 
1877 with Nageli, who postulated but a single species to which all bacteria 
belonged. It should be noted that the term pleomorphism included not only 
morphological variation but equally facile alterations in virulence; the in- 
nocuous hay bacillus ( Bacillus suhtilis ), for example, presumably could 
change suddenly into the highly virulent anthrax bacillus. 

The development of pure culture techniques by Koch and others swung 
the pendulum to the other extreme, and the doctrine of monomorphism be- 
came predominant. It was held by Koch and other extremists, whose camp 
the great majority of bacteriologists soon joined, that a given bacterial species 
existed m one and only one form, and that aberrant forms were either evi- 
dence of contamination of the pure culture or were the so-called involution 
or degenerative forms which were dead or dying and therefore had no sig- 
nificance. This monomorphism was confined largely to bacterial form and, 
although abrupt changes such as the conversion of the hay bacillus to the 
anthrax bacillus were denied, alteration in the virulence of pathogenic bac- 
teria was not regarded as inconsistent with an absolute constancy of form. 

Despite the currency of this extreme monomorphism, evidence began to 
accumulate which indicated that, though most bacteria showed a remarkable 
constancy of form, morphological and physiological variation of these organ- 
isms is not uncommon. The last thirty or forty years have seen the develop- 
ment of an extensive literature on this subject. Much of the evidence whic 
has accumulated is of just sufficiently inconclusive character that widely dif- 
ferent interpretations may be made. Contemporary workers fall into two 
groups in this respect the conservatives, a group which includes the majority 
of workers, who still adhere to the doctrines of Koch and his school in a mo i- 
fied form and who accept the well established variations as observed facts 
whose full significance is as yet not apparent, and the radicals, who. pro ess 
to see evidences of complex life cycles, conjugation, sexual reproduction an 
kindred phenomena in the reported observations. It is not improbab e t at a 
sound interpretation lies somewhere between these views. 
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xii 

Bacterium, Jaciis acrogenes. See Bad. aero- 
genes 

madampense, 773 

monocytogenes. See Erysipelothrix 
morgam. See Proteus 
neapolitanum, 762, 777, 1785 
nephritidis equi, 765 
ozipnie, 765, 768-770, 2003 
paracolon group of, 772-776, 779 
alkalescens-dispar sub-group, 773 
Arizona sub-group, 773 
Ballerup-Bethesda sub-group, 775 
Providence sub-group, 775 
32011 group, 775 
pneumosmtes, 1023 
punfaciens, 1471, 1693 
pyosepticum equi, 765 
reltgen, 745 

rhinoscleromatis, 765, 768-770, 2004 
simia, 1025 

tularense. See Brucella 
typhi-flavum. See Chromobacterium 
viscosum equi, 765 
Wakefield, 775 
tcesenbergi, 772 

Bacteroides, 565, 568, 858, 863. See Fusiformis 
Bail’s hypothesis of limiting population den- 
sity, 112 

Balantidium coli, dysentery caused by, 1760 
Ballerup sub-group of paracolon bacilli, 775 
Bang’s abortion bacillus. See Brucella abortus 
Bang’s necrosis bacillus. See Fusiformis 
necrophorus 

Barbone of buffaloes, 1855 
Bartonella , 1026 See also Haemobartonella 
diseases due to, 2009-201 1 
bacilliformis, 1027 

in Oroya fever, 2009 
Bathing, disease from, 1738 
Bats, in relation to rabies, 2179 
Benzene, effect of on immunity, 1387 
Beta, lysins, 1344 

rays, effect of on bacteria, 120 
/? alanine as bacterial vitamin, 77, 178 
Betabacterium arabmosaceum, 866, 870 
Bethesda sub-group of paracolon bacilli, 775 
Bile, differential effect of on growth of strepto- 
cocci, 658 

Bile-solubihty of pneumococcus. 682 
Biochemical reactions of bacteria, methods of 
examination for. 449-453 
variation in, 339 
Bios hypothesis of lag, 102 
Biotin as bacterial vitamin, 78, 179 
Birds, diseases of See Fou Is, individual birds, 
and individual diseases 
Bitter’s medium for fermentation test, 806 
Black disease, 1004, 1993 
Black rot of eggs, 743 
Black scours, 616 
Blackleg, 1005, 1007, 1990 
Blackquarter, 1990 

Bleeding, effect of on antibody formation, 
1279 

Blennorrhcea, inclusion, 2105 
Blockade, effect of on antibody formation, 
1255 


Blood, anaphylactic reaction in rabbit, 1311 
1313 

bacteria normally present m, 2265 
bactericidal power of, non-specific induc- 
tion of increase in, 1349 
Blood, capillaries, permeability to foreign 
matter, 1186 

cerebral, permeability to foreign mat- 
ter, 1963, 1971-1973 
groups, human, 1236-1238 

in relation to natural agglutinins, 
1236-1239 

in relation to Schick reaction, 


Blood culture See under individual diseases 
Blood stream, removal of bacteria from 1180, 
1191. See also Immunity, antibacterial 
Blue comb of chickens, 2232 
Blue milk, 602 
Blue-tongue of sheep, 2227 
Boas-Oppler bacillus, 857, 865, 872 
Boils, 1685, 1702 
Bollinger’s granules, 1686 

inclusion bodies, 1093, 2126 
Bones and joints, suppurative lesions in, 1690 
Boosting dose. See Secondary stimulus 
Bordet-Gengou bacillus See Hsemophilus per- 
tussis 

Bordet’s theory of antigen antibody reactions, 
228 

Bordetella, 897 
Borna disease, 2156 
Bornholm disease, 2178 
Borrel bodies. 1093, 2126 
Borrelia, 1032 
Borrelomycetales, 1071 
Botriomycosis, 1462,. 1463, 1685 
Botulism, 1816-1827 
diagnosis of, 1822 

distribution of Cl. botulinum in nature, 
1819 


epidemiology of, 1818 

factors influencing development of of. 

botulinum in canned foods, 1821 
in animals, 1824-1827 
mode of infection of food in, 1819 
prophylaxis and treatment of, 1823 
type of food causing. 1819 
Boyd’s dysentery bacilli, 784 et seq. 

Bradsot. See Braxy 
Branching forms of bacilli, 37 
Braxy, 1992 

German type of, 1993 
meadow type of, 1993 
Northern type of, 1992 
stall type of, 1993 

Brazilian spotted fever, 2067 _ 

Breast-feeding m relation to infantile diarrhee , 

Breslau bacillus, 845. Se'Salm 
Brilliant green, in cultures from enteric t 
1726-1727 

Brill’s disease, 2060, 2061 

Broncho-pneumonia, 1878 
virus, 2099-2104 
Brucella, 926-947 _ 

antigenic structure ot, 935 
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Cataphoresis of bacteria, 246 
of filtrablo viruses, 10S3 
of serum proteins, 280, 284, 1597 
Catarrh, malignant, of cattle, 2226 
Cathode rays, effect of on bacteria, 124 
Cations, effect of on bacteria, 137 
Cat-scratch fever 2000 

Cats, agranulocytosis, enteritis, and pneu- 
monia of, 2222 
Brucella infection in, 1926 
distemper in, 2104 
tuberculosis in, 514, 516, 1535, 1536 
Cattle, nctmobacillosis in, 1469 
actinomycosis in, 1463, 1468 
anaerobic infections of. See Anaerobic 
infections of animals 
autumn diarrhcca m, 1927 
bacillary lucmoglobmuria of, 1014 
blackleg in, 1005, 1007, 1990 
botnomycosis in, 1685 
botulism in, 1826 
Brucella infections of, 1913-1923 

w ith Br. abortus. See Abortion, con- 
tagious, m cattle 

with Br. melitenui, 1902, 1916, 1917 
with Br. suis, 1916, 1917 
bulbar paralysis of, 1826 
cow-pox of, 2116-2117, 2124 
diphtheria in, 1571 

diphtheria of calves due to F. necrophorus, 
2002 

diphtheroid infections of, 547-548, 1600 
dry bible of, 1826 
dysentery of calves, 1 803 
cnccphnlitis of, 1480, 2106, 2156 
ephemeral fever of, 2227 
epizootic pneumonia of calves, 473, 1471 
farcy of, 469, 1408 
lctcro-hfcmoglobinurift of, 1826 
impaction paralysis of, 1826 
influenzal pneumonia of calves, 1872 
Johno’s disease of, 529, 1558 
keratitis of, 1022 
lamzickte of, 1820 
leptospiral infection of, 2055 
lumpy skin disease of, 2140 
malignant catarrh of, 2226 
mastitis in, 16S6. See Mastitis in cattle 
Midland disease of, 1826 
pasteurellosis of, 1854 
plague, 2224 

pleuropneumonia of, 1072, 1855, 2091 
pneumonia of calves due to Achnobacillus 
acltnoides, 1471 
pyelonephritis in, 548, 1694 
red-water disease of, 1014, 2056 
rickettsial infections of, 2084-2085 
Salmonella infections of, 1802 
scours in, 616, 764, 1872, 1927 
skin nodules due to acid-fast bacilli, 1539 
tuberculosis m, 510, 1508, 1536-1541 
Vibrio fetus infection of, 615, 1926 
winter dysentery of calves, 616 
Cellobiose, in differentiation of coli-serogenes 
group, 761 

miJjlc^Vj’Othe^is of anaphylactic shock, 1307 
immunity, role of in virus infections, 1427 


Cellular reactions in bacterial infection. 1145 
Cellulitis, 1686 
anaerobic, 1983 

“ gitis 

soft, 2005 

Cheese in relation to tuberculosis, 1510 
to typhoid fever, 1739 
to undulant fever, 1902, 1900 
Chemical changes produced by bacteria, 57 
et seq. 

Chemical constitution of bacteria, 49 et seq. 
Chemistry of bacterial antigens. See under 
individual organisms 


■ basic 

170, 

181-185 

in tho sulphonamide scries, 181 
ns interference with essential metabolites, 
170 

surface activity and chain length, 184, 
185 

Chemotherapeutic agents, acquired resistance 


untie, iii 

pantothenic acid and pantoyltaurine, 
178 

p-aminobenzoic acid and the sul- 


cross-resistance of micro-organisms to, 
175, 207 
antibiotics, 207 
chloramphenicol, 195 
chlortetracyclinc, 195 
sulphonamide compounds, 175 


Chickens. See Fowls , 

nf standardizing disin 


jrine, effect ot on bacteria, l Si, * u *l*j£, 
lecystitis, 1691. See also Gall-bladde , 

tera,' 1616-1627. See also Vibrio cholera; 
diagnosis of, 1623 

Pfeiffer’s reaction in, lb-* 

a®*-* 

from, 1624 .. | 61 g 

experimental reproduction of, till, 
healthy earners in, 1022 
laboratory infections in, 
mode of spread in, 1620 
of fowls, 1855 



character is, clearly, an abstract one, and the interpretation of morphological 
or physiological changes taking place under such circumstances is, to say the 
least, difficult. 

From these considerations it is easy to understand how bacteria can come to 
be regarded as ‘'different” without real justification for such a belief. It can- 
not, then, be emphasized too strongly that, so far as is known, bacteria do not 
differ in any essential way from other living cells and any interpretation of 
variation or other phenomena must rest on a sound biological foundation. 

Before discussing the kinds of bacterial variation which are observed, two 
concepts fundamental to the general problem must be considered. One of the 
most important of these is that of the “normal” morphological or physiological 
state of a bacterium. The anthropocentric tendencies of the human mind 



Fir. 24. The morphology of Rhizobium. Left, a smear from a pure culture on labora- 
tory media; note the regularity of the “normal” bacillary morphology. Right, smear from 
a clover root nodule showing swollen, branched and coccoid forms, the so called fcacteroides 
Fuchsin, X 1050. 

stimulate the belief that the normal form and functions of a bacterium are 
those which are manifest in culture on the ordinary laboratory media. Cer- 
tain evidence suggests, however, that the term normal is but a relative one. 
The symbiotic nitrogen-fixing organisms show a relatively constant norma 
morphology on the usual laboratory media, but in the root nodule they’ arc 
found in a variety of bizarre forms designated as bacteroides (Fig- 2 )■ 
Which, then, may be considered to be the "normal" form, that observe in 
the laboratory or that shown by the organisms in what might be rega^ e as 
their natural habitat? The physiological differences between bacteriain pure 
culture and those in the mixed cultures occurring in nature have been is 
cussed in Chapter 4. Clearly, then, the term normal, although an extreme y 
useful one, cannot be taken to have real meaning. _ . 

The second concept is that of bacteria in terms of populations. ® ex * . 
ence of bacteria as population groups composed of enormous num rs 
individuals and a rapid rate of cell division results in a compression in . 
time and space of biological processes. The resulting exaggeration o \aria 


xviii BACTERIOLOGY AND IMMUNITY 


Diet, aa determining intestinal flora, 2252, 2256 
effect of on immunity, 1366-1376 
Dilution method of counting, OS 
coliforrrf bacilli in water, 22D4 
use of m obtaining pure cultures, 433 
Dilution phenomenon, 1422 
Diphtheria, 1563-1601 

antitoxin, avidity of, 276, 1172, 1598 
concentrated, 1590 
in blood of normal horses, 1233 
of normal persons, 1223-1234 
in vivo/ in vitro ratio of, 1596 
refined, 1591 
standardization of, 1591 
bacillus. See Corynebactertum 
bacteriology of, 1565 
borne by milk, 1571, 2314, 2326 
earner case ratio in, 1441 
carriers in, 1440 

avirulent strains in, 1231, 1575 
effect of active immunization on, 
1443, 1586 

rate of clearing of, J567 
treatment of, 1599 
diagnosis of, 1572 

different grades of immunity to, 1442 
epidemiology of, 1438-1443, 1569 
experimental production of, in Schick- 
positivo reactors 1234 
gravis, tntermedius and nut is types of 
C. diphtheria- in relation to, 1565, 1 575, 
1586 

herd immunity in, 1438-1443 
immunization against, 

active, 1443, 1578-1589 

active and passive, 1589 

effect of on carrier rate, 1443, 1688 

passive, 1589 

results of, 1580 

m domestic animals, 1570, 1600 
in pre-school children. 1586 
in schools, 1441 
in wounds, 1695 

institutional epidemics of, control of, 1589 
Moloney reaction in relation to, 1580 
natural immunization against, 1438-1443 
pathogenesis of, 1564 
prophylactics against, 1578 
standardization of, 1598 
prophylaxis in, 1577-1590 
Schick test in relation to, 1410-1443, 1576, 
1580-1586 

spread of, by animals, 1570 
by dust, 1570 
by fomites, 1570 
by milk, 1571, 2326 
susceptibility to, measurement of, 1576 
toxin, in relation to type of bacillus, 1566 
if, to, L-\-, and tr dose of, 1596 
St L.D. of, 274, 1596 
M.R D, of, 1596 
Schick dose of, 1576, 1598 
treatment of with antitoxin, 1590 
by chemotherapy, 1599 
virulence tests in, 1575 
Diphtheroid bacilli See Corynebacteri tem 
in animal diseases, 1600 
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Dipl 


meningitidis 

mucosus, G21, 642, 645, 776 
pharyngis flavus. See Neisseria 
pneumonia-. See Streptococcus pneumonia 
Disinfectants, concentration exponent n of, 
154 

emulsified, 144 
gaseous, 161, 2278 
liquid, 162 

practical application of, 161 
solid, 163 
sprays, 2278 
standardization of, 158 
temperature coefficient of, 156 
Disinfection, 119-163 
by acids, 131, 134 
by alcohols and ethers, 143, 144 
by alkalies, 131, 135 
by antibiotics, 187-209 
by cathode rays, 124 
by chloroxylenols, 145 
by cold, 128 
by desiccation, 127 
by distilled water, 133 
by dry heat, 129 
by dyes, 145 
by electricity, 123 
by electromagnetic waves. 121 
by essential oils, 147 
by flaming, 129 
by gases, 101, 2278 
by heavy metals, 136, 138 
by high-velocity electrons, 124 
by mechanical agitation, 127 
by moist heat, 129 
by mould products, 191 etseg. 
by phenols and eresols, 144 
by photodynamic sensitization, 122 
by radium, 126 
by Rontgen rays, 1 24 
by salts, 136 et seq. 
by soaps, 141 
by solid disinfectants, 163 
by sonic and ultrasonic waves, 126 
by steam, 129 
by sulphonamides, 171-187 
by sunlight, 120, 2288 


of hydrogen-ion concentration on, 

131, 134, 133 . > 

of lipid content of bacteria on, 10- 
of organic matter on, 144, i4» 
of proteins on, 162 „ 

of temperature on, 139, 131, 
of variations in bacterial re-us 
on, 151 

reaction velocity of, 148 . 

ispersal, effect i! on berd .mmomty, 
1456-1458 
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Encepkalitozoon eunieuli , 2161 
Encepbalomyocarditis viruses, 2155 
Endo medium, 1727 
Endocarditis, bacterial, 1714 
in lambs, 1690 
in swine erysipelas, 1476 
Endospores, 26* See Spores 
Endotoxins, 1147 


effect on leucocytic migration, 1348 
End-piece of complement, 262 
Entamoeba histolytica, dysentery caused by, 
1760 

Enteric fever, 1720-1753 

active immunization against, 1747-1752 
antibody response in, 1722 
bacteremia in, 1721 
bacteria causing, 1720-1721 
carriers in, 1721, 1740 

detection of by Vi test, 1744 
gall-bladder infections in relation to, 
1723 


by cultivation from faeces, 1727 
natural agglutinins in relation to, 
1730 

previous inoculation in relation to, 
1733 


Enteritis of infancy, epidemiology of, 1779 
influence of breast-feeding on, 1781 
neonatal diarrhcea in, 1783 
of protozoal origin, 1788 
prophylaxis and treatment of, 1790 
stomatitis in, 1790 
summer diarrhcea, 1787 
Enterococcus. See Streptococcus, /xcalis eroax) 
of 

Enterotoxasmia of sheep, 1995 
Enterotoxic substances produced by Sal- 
monella, 1812 
Entique, 1855 

Enzymes, bacterial, acting on Type III 
pneumococcal polysaccharide, 189, 1888 
adaptation of, 339 

mechanism of, 342-344 
simultaneous, 64, 67 
adaptive, 339 
constitutive, 339 
inhibition of, 67 

by chemotherapeutic agents, 176, 
177-181, 203-204 
multiplicity of, 69 
mutation affecting, 344 
nature and integration of, 67, 341 
role of in bacterial metabolism, 52 el seq 
site of action of, 67 
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gall-bladder, infection of in, 1723 
mesenteric glands, infection of in, f723 
milk in relation to, 1738, 2326 
pathogenesis of, 1721-1726 
period of disease in relation to contact 
infection, 1743 
prevention of, 1746 
provocation of by immunization, 1751 
relapses in, 1726 
route of infection in, 1724 
shell-fish in relation to, 1738, 2305 
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1 1445 

el seq. 

selection in, 1447 
spatial distribution in. 1450 
variation of bacteria in relation to, 
1453 

Epididymo-orchitis, epidemic, 200G 

Epitoxoids, 275 

Ergopliore group, 227 

Errors of random sampling, 1120 et seq 

Erwinia, definition of, 377, 751, 752 

Erysipelas, 1675 

experimental in rabbit, 1 356-1 J jo 
local immunity to, 1356-1358 
of swine. See Swine 
p — — i- a 


Enteritis ol miancy, Ina-Livl. oee also 
Enteric fever and Food poisoning 
associated with organisms of doubtful 
pathogenicity, 1787 
with parenteral infection, 1789 
due to known pathogenic organisms, 1782 
due to toxic substances of bacterial origin, 
1788 

due to viruses, 1780 


erysijytiomes, **ou 
monocytogenes, 479 et 

disease due to, 1479, -007 
murisephca, 479 et seq , 875, 1479 
porci, 483 

rhusiopaihix, 185, 479 etseq,m 
disease due to, 479, 1476-14 1 
irythema arthnticum epidemicum, 
irythema, infective, 477, 1472 
nodosum, 1523 
rytbrobacillus, 720 
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cultures by Braun.- Similarly, the inclusion of antiserum to one dissociative 
form markedly favors the development of the heterologous form. 

The G Colony. Another type of colony, the so-called G type, although 
apparently seen by earlier observers in 1910 and 1911, was brought to gen- 
eral notice by Hadley and bis co-workers. These colonics are very small, 005 
mm. or less m diameter, and appear to be made up of small cells of ditersc 
morphology. They may !*• regarded as variants with an inherently lowered 
metabolic rate which perhaps permits survival under unfavorable conditions. 3 

L Variation. Perhaps related to G colonial variation is the so-called L ^na- 
tion. The normal mode of reproduction of the pleuropneumonia-like organ- 
isms and the non-sporulating obligate anaerobic battcroidcs includes the 
formation of greatly swollen cells or large spherical bodies from which bacilli 
or granular forms arc liberated (pp. 5-10 and 5-18). The latter give rise to vcr\ 
minute colonies similar to the G colony. Tin's phenomenon has also been 
reported as occurring in other bacteria such as Proteus, but with somewhat 
less convincing evidence. 

Variation in Cell Structures. As indicated above, colonial morphology 
is tn part a function of the morphology of the individual cells making up the 
colony, and one of the most important factors in the differential morphology 
of the S and It variants is the occurrence of hydrophilic polysaccharide on the 
surface of the cell As pointed out elsewhere (p. 42), this frequently takes 
the form of a layer or morphologically demonstrable capsule on die outer 
surface of the cell. 

Capsules. Capsule formation or, from the physiological point of view, the 
synthesis of capsular substance usuall}’ of polysaccharide but sometimes of 
polypeptide nature, is icry common among the bacteria, but a morphologic- 
ally demonstrable capsule is not always apparent. Capsule formation is de- 
pendent in large part on the environment, and the most favorable medium 
m the case of pathogenic bacteria in which capsule formation is associated 
with virulence is the body of the susceptible animal. The anthrax bacillus 
forms a heavy capsule m the infected animal, but there is little or no evidence 
of a capsule when the bacilli are cultivated on laboratory media. The pneu- 
mococcus, likewise heavily encapsulated in the infected animal, ahojorms a 
capsule in artificial media, but the capsule is best developed when Ac 
medium is enriched with blood or serum and carbohydrate. Among the patho- 
genic forms, capsule formation tends to diminish with continued cultivation 
on artificial media, probably because these furnish a somewhat less than 
optima) environment, and is restored by animal passage of the bacteria. 

The heavily encapsulated saprophytic bacteria, such as the dextran- an 
levulan-forming cocci of the genus Lcuconostoc, show no tendency to loss 
of capsule formation in culture provided that carbohydrate is supplied, an 
seems probable that the artificial medium is more nearly optimal than it is m 
the case of the more fastidious pathogenic bacteria, fn general, then, capsu e 
formation is determined in large part by the environment, may be a quants a 
tive matter and is reversible. 

Capsule formation may be specifically inhibited, however, the most e e 

« Braun Jour. Bact., 19-16, 51.327 

1 See Colwell: Jour. Bact , 1946, S2.417. 
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Fowls, bumble-foot of, 1542 
cholera of, 1855 
choleraic disease of, 614 
coryza of, 1079, 2013 
diphtheria of, 1571, 2126 
encephalomyelitis of, 2160 
Erysipdolhrix infections of, 1477, 1480 
infectious bronchitis of, 2231 
infectious Iaryngo-traclieitis of, 2230 
laryngo-tracheitis of, 2230 
leucoemia of, 2210 
limberneck in, 1002, 1827 
lymphomatosis of, 2241 
navel disease of, 2232 
Newcastle disease of, 1867, 2229 
paralysis of, 2241 
pastcurcllosis of, 1855 
plague or pest of, 2228. See also Chapter 
55 

pneumo-encephalitis of, 2229 
pox and roup of, 2013, 2126, 2231. See 
also Chapter 55 
psittacosis of, 2096, 2098 
ltoua sarcoma of, 2241 
Salmonella infection of, 1801 
spirochsetosis of, 2023 
tuberculosis in, 515, 1536, 1541 
typhoid of, 1801 
Foxes, encephalitis of, 2210 
spirochetosis of, 2056 
Francis phenomenon, 1424, 1868 
Freezing, effect of on bacteria, 128 
Frei test, 2095 
Freundlich isotherm, 250 
Freundlich senes. 139 
Freund’s adjuvant, 1271, 1870 
Fnedlander’s bacillus. See Bacterium. Fried- 
lander group of 
Frogs, red leg disease of, 743 
Fumigacin, 197 
Furunculosis, m fish, C02 
m man, 1685, 1702 
F us if or mis, 565-574 

group characteristics of, 566 
in infections of man, 1691, 2000 
in mouth, 567 
fragilis, 565, 573 
furcosus, 565. 573 
Jusijormis, 565, 571 
melamnogentcus, 443, 573, 2001 
necrophorus , 565, 569 

in calf diphtheria, 570. 2002 
in foot -rot of sheep, 570, 2002 
in human infections, 570, 2000 
in labial necrosis of rabbits, 570, 2002 
ramosus, 565, 574 
serpens. 5G5, 572 
Fusofcacferium See Fusifomus 


Gamma globulin in rubella, 2202 
in smallpox, 2123 

Gangrene, bacterial synergistic, 1697 
Gaol fever. See Typhus fever, classical 
Garnet method of standardizing disinfectants, 
n 1890 


in animals, 1990 et seq. 
in man, 1982 et seq. 
antisera to, 1987 
diagnosis of, 1986 
mode of development of, 1984 
prophylaxis and treatment of, 1987 
leci thins se in, 1086 
reproduction of in animals, 1984 
Gas ratio, in differentiation of coh-a»rogenea 
group, 758 et seq. 

Gaseous, disinfectants, 161, 2278-2280 
requirements of bacteria, 80 
Gastric juice, bactericidal action of, 1104, 2253 
Gastro enteritis. See Enteritis oi infancy and 
Food poisoning 
Geese, spirochetosis of, 2022 
Gel diffusion method, 278 
antigenic analysis by, 321 
Celatin liquefaction, tests for, 453 
Genera, bacterial, summarized descriptions of, 
379-384 

Generation index, 107 
Generation time, 106 

of different organisms, 111 
Genetic factors, in anaphylaxis nnd hyper- 
sensitiveness, 1326 
in antibody response, 1113 
in immunity, 1110 et seq. 
to endotoxin, 1112 
to Pasteurella and Salmonella, 1111- 
1113, 1447 

to tubercle bacillus, 1112, 1490 
to viruses, 1111 

Genetics of bacteria, 352. See Variation of 
bacteria 

Genital tract, factors determining normal flora 
of, 1167. 2262-2263 
Genotype, bacterial, 336^ 


»t 161. See 
8 


Gaertner’s bacillus. See Salmonella ententidis 
Gall-bladder, infection of, 1691, 1723 
Gall-stones, effect of in promoting infection, 
1691 




. M 

experimental reproduction ot in an>nw , 
578, 580 
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Hsemopkilus, influenza:, in normal naso- 
pharynx, 2259 
in sinusitis, 1692 
mucoid type of, 905, 910 
phases of, 909-911 
role of in epidemic influenza, 1864 
smooth type of, 899, 90.5, 909 
transformation of genotype in, 355 
X and V factors in relation to growth 
of, 900 

influensai-murium, 1873 
influenzee-suis, 901 et seq., 919, 1871 
para-influenza?, 901 el seq., 919 
parapertussis, 897, 921, 1874 
pertussis, 897 et seq., 920 
in u hooping cough, 1873 
pisctum, 897 


plaguo vaccine, 1851 
Hail, bacteria in, 2286 
Handkerchiefs, contamination of, 2276 
Haptens, 299. Bee under Antigens 


Herpes zoster, 2130 

relation of varicella to, 2132 
Herxheimer reaction, 2041 
Heterologous,^ meaning of in relation to antl- 


- ridiurn 

terlium 

Hiccup, epidemic, 2148 

Hirschfeld’s bacillus, 841. See Salmonella 
paratyphi C 

Hirst test, 1097, 1867, 2230 

Hiss-Y bacillus, 789 

Histaminase, relation of to anaphylactic shock, 
1312 

Histamine, action of on skm, 1310 

antisera to, inhibition of anaphylactic 
shock by, 1312 
as kataphylactic agent, 1386 
liberation of by tissues, 1310, 1318 
local effect of on immunity, 1386 
shock, 1306 

anaphylactic and anaphylactoid 
shock, relation of to, 1311 


Haverhill fever, 477, 1472 
Haverhillia multiformis, 1472 
Hay bacillus. See Bacillus subtilis 
Hay fever, 1318 

Heart, congenital malformations of, in relation 
to bacterial endocarditis, 1715 
Hcartwatcr of sheep, goats and cattle, 2084 
Heat. See also Temperature and Disinfection 
effect of on subsequent multiplication of 
bacteria. 132 


Helvolic acid, 197 
Hens. See Fowls 

Heparin, in anaphylactic shock, 1300 
mucin in relation to, 1388 
Hepatitis, enzootic, 2211 

infectious of animals, 2210-2212 
infectious of man, 2205-2206, 2208-2209 
infectious necrotic, 1993 
serum, arsenic and transfusion, 2207-2209, 
2211 

virus of, A and B types, 2206, 2208 
Hepato-encepbalomyehtis, 2209 
Herd infection and herd immunity, 1437-1459 
effect of dispersal on. 1456-1458 
experimental study of. 1444-1458 
Heredity of immunity, 1110 et seq. 
in tuberculosis, 1490 


Hofmeister series, 139 

in relation to, inhibition of agglutination, 
247 

inactivation of complement, 263 
Hog cholera, 2222 

Honiofcrmentative and beterofermentative 
lactobacilli, 861 

Homologous, meaning of in relation to anti- 
gen-antibody reactions, 319 
Hormones, antibody formation, effect of od, 
1258,1281 

desensitization by, in hypersensitiveness, 

1327 

relation of to immunity, 1390 
Horses, actinomycosis due to aerobic Actino- 
myces, 1468 

African sickness of, 2225 
botriomycosis in, 1685 
botulism in, 1825 
Brucella infection of, 1924 


forage poisoning in, 1825 
grass disease or sickness of, 1826 
homologous serum jaundice of, 
infectious anzemia of, 2226 
influenza m, 1872 

joint ill of foals, 765 . . , r 

normal, diphtheria antitoxin m Wood or, 
1233 ,, . 

antitoxin in blood oi, 


periodic ophthalmia of, 2056, 2189 
poll-evil of 1925 



370 


Bacterial Heredity and Variation 

forms, that is to say, dead or dying cells, and it has been pointed out that the 
physical structure of dead bacteria breaks down, with the protoplasm becom- 
ing granular and escaping into the surrounding medium with disintegration 
of the cell wall (Fig. 5). In addition to such dead cells, filamentous and 
coccoid forms of bacilli, swollen cocci, and the like are found with some 
frequency. 

The tendency to aberrant morphology is in part a function of the struc- 
tural rigidity of the bacterial cell, and in part an effect of the environment 
on the cell. It is self-evident that this should be so in a macromolecular 
environment; for example, no small degree of structural rigidity is necessary 
to maintain a bacillary form in the face of the forces of surface tension, and 
any crumbling of that structure will of necessity result in misshapen cells. 



apparent. X 3500, 

Thus, the non-sporu fating anaerobic bacilli (p. 540} and the pleuropneumonia- 
like organisms (p. 547) are perhaps the most fragile of all bacteria, and in keep 
ing with this have a highly variable morphology. Similarly, the cholera vibno 
is a fragile bacterium, easily broken up by grinding procedures, and is notori- 
ous for its morphological instability. . ... 

In old cultures accumulated metabolic products not only affect the via i 
ity and reproduction of cells, but may well contribute more directly to t c 
development of aberrant forms. Morphological variation may be produce 
experimentally by manipulation of the medium. If, for example, surface ten 
sion is lowered by the inclusion of a surface tension depressant, a 
morphology results, and among the bacilli the rod form becomes elongate o 
give rise to filaments. Analogous effects are produced by the cultivation o 
bacteria in the presence of toxic but not lethal concentrations or salt, no 
kind of effect is produced by the inclusion of antibiotic agents whic m n 
cell division; the cells continue to metabolize but fail to divide, and assu 
swollen, misshapen forms, c . , * 

It will be clear from the foregoing that a large proportion or morp io og 
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Immunity, local, 1356-1365 

non-specific factors in, 1301 
malonate, effect of on, 1387 
measurement of, 1117-1138 

statistical methods, use of in, 1119- 
1134 

mechanisms that hinder access of bacteria 
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Infection-immunity, 1333, 2029 
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Inheritance in bacteria, 335-365. , See Varia- 
tion 

Inhibitor-antagonist systems in relation to 
bacterial metabolism, 177 et seq. 

I.N.I. agent, 2099 

Injections, predisposing effect of to infection, 
1434 

Insect vectors of infection. See under Fleas, 
Plies, Lice, Mosquitoes, Ticks and individual 
diseases 

Interference phenomenon, 1430 
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ally abnormal bacterial cells are to be found in old cultures which arise as a 
consequence of the toxicity of accumulated metabolic products, and the dis- 
integration of the structure of dead and dying cells. It is not so clear to what 
extent essentially normal physiological activity and ability to reproduce are 
associated with the structural integrity of the cell. Certainly some degree 
of distortion is not fatal, for example, the filamentous forms of bacilli pro- 
duced by depression of surface tension of the medium are viable in many 
cases. It seems probable, however, that the physical organization of the cell 
is of no small importance, and in this connection it is significant that cultural 
studies of the aberrant forms found in old cultures have indicated that in the 
great majority of instances these forms are dead in that they are incapable 
of multiplication. A part, perhaps a very large part, then, of variation in the 
morphology of the bactenal cell is no more than the outward evidence of a 
dying population and the death and disintegration of individual cells. 

Bacterial Life Cycles. Cyclical development of bacteria in a succession of 
morphological types is well known in some cases. The simplest is the spore- 
vegetative cell succession of the sporulating bacteria. The succession of 
morphological types, or cytomorphosis (p. 59), associated with the growth of 
the bacterial population discussed earlier, and the successive zoogleal and 
monad or swarmer stages of Nitrobacter also seem well established. Consid- 
erably more complex developmental cycles, or cyclogcnies, analogous to those 
well known among the fungi and higher plants, have been postulated by 
some workers for many of the well-known bacteria such as the staphylococci, 
streptococci, enteric bacilli and the like. 

The experimental evidence upon which the belief in bacterial life cycles 
is based consists of observations of aberrant, '‘abnormal” forms occurring in 
pure cultures. It is postulated that the so-called “normal” bactenal form 
is but one morphological stage of many in which a bacterium may exist but 
in which it is temporarily fixed by the constant environment of the labora- 
tory medium. The appearance of aberrant forms is, then, evidence of a 
tendency on the part of the organism to assume the forms characterizing 
other stages of the life cycle, and such forms should not be termed involution 
or degenerative forms. The aberrant cells in turn break down to liberate 
minute viable organisms cither directly or via a symplastic stage. The minute 
forms, designated as gonidia, gametes, microgamctcs and the like, may give 
rise to the "normal" vegetative cell, either directly or after a process of con- 
jugation or sexual union. 

In any attempt to weigh the evidence in favor of bacterial life cycles two 
points must lie borne in mind. In the first ‘place, the aberrant forms which 
constitute an essential part of the life cycle occur only in the death phase of 
a bacterial culture, never during the phases of active growth; and, in the 
second, many of the postulated forms arc too small to permit resolution with 
visible light. Alternative explanations of aberrant morphology arc many. Sup- 
posc the cell dies, autolvsis follows with the hreakdow n of cell constituents to 
smaller molecules, the increase in the number of molecules in solution raises the 
osmotic pressure within the cell and the cell imhilies water with resultant 
distention and eventual disruption. Granular miterial may lx? volutin and 
similar gramiljr sulntancrs commonly observed in luctcrial cells. 

It is perhaps significant that studies utilizing the micro motion picture tcch- 
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Mite fever, 1065, 2069 


M.M. virus, 2155 
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nique for the continuous observation of the development of bacteria from a 
single cell have yielded no evidence of a bacterial life cycle . 11 The evidence 
for the existence of such life cycles is exceedingly tenuous for two reasons. 
Much of it is open to serious technical criticism , 5 and in all cases there are 
equally plausible alternative explanations. Aside, then, from the point of 
technical criticism, differences in opinion are largely a matter of interpretation 
and, in the absence of conclusive experimental evidence, which has as yet 
not been forthcoming, are likely to remain so for the time being. 

Filterable Forms of Bacteria . 0 Perhaps associated with bacterial life 
cycles are the so-called filterable forms of these organisms. The visible, 
readily cultivable forms of bacteria such as are present in the ordinary “pure 
culture”. do not usually pass through the finer-pored porcelain and infusorial 
earth filters. That there are particular conditions, however, that favor the 
transmissibility of certain bacteria through these filters has become increas- 
ingly evident. Aside from the technical difficulties that beset all filtration ex- 
periments there are serious divergences of interpretation. Many observers 
have reported that familiar microorganisms such as the tubercle bacillus and 
the typhoid bacillus can sometimes pass through well constructed filters and 
this they interpret as signifying the existence of a filterable stage in the life 
history of these bacteria. It is even alleged by some that the filterable viruses 
of smallpox, poliomyelitis and other diseases represent a filterable phase in 
the life cycle of visible microorganisms, streptococci or what not, a view that 
has been urged especially by Rosen ow 1 in this country and Enderlein 8 in 
Europe. This view is by no means generally accepted. 

On the other hand, it is maintained that the so-called “filterable" forms 
of the typhoid bacillus, for example, are merely cells dwarfed by inadequate 
nutrition or are viable cell particles so small as to pass through filters but 
with capacity of renewed growth when again placed in favorable surround- 
ings. It may be urged that the ability of cell fragments to regenerate is no 
new thing in biology, and it is quite as plausible to regard minute filterable 
forms of cocci or tubercle bacilli as portions of fragmented cells as to look 
on them as representing a significant filterable phase in their life histories. 


PHYSIOLOGICAL VARIATION 

Variation in the physiological activities of bacteria is exceedingly common. 
It may take various forms such as alterations in virulence, i.e., ability to pro- 
duce disease, changes in fermentative activity and nutritive requirements, oi 
the acquisition of resistance to antibacterial agents. 

Attenuation. The term attenuation is ordinarily loosely used to 
reduced virulence of a pathogenic .microorganism. It may indicate a sim P 
loss of ability to produce disease in a general sense, or a reduction in vm> en 
for one host species accompanied by an increase in virulence for anot er 
species. 


* Wydcoff: /our. Exp. Med., 1934, 59:381. , , » am3nn a- 

8 For example, see Holman and Carson: Jour. Inf. Dis., 1935, 56: 5, a 
Jour. Bact., 1944, 47-327. 

0 Hadley, Delves and Klimak: Jour. Inf. Dis., 1931, 48:1. 

7 For example, see Rosenovv: Amer. Jour. Clin- Path., 1944, 14.150. 

8 Enderlein: Arch. Enfn-icklungsgesch. Bakf., 1940, 1: 252. 
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Newcastle bacillus, 784. See Shigella 
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In general most pathogenic bacteria tend to lose virulence when kept in 
culture on artificial media. For example, pneumococci rapidly lose virulence 
for the mouse and in even a very few transfers on enriched media the 
minimal lethal dose increases by several hundred fold. Staphylococci, how- 
ever, retain their virulence over many transplants on artificial media, hut 
eventually become relatively avirulcnt. A few bacteria, such as the anthrax 
bacillus, seem to retain virulence almost indefinitely but this is not common. 
Such losses in virulence are general in character in that the bacteria become 
less virulent for a variety of experimental animals, and presumably arise as a 
consequence of adaptation to an environment other than that of the animal 
body. The artificial environment may be deliberately made somewhat toxic 
in order to bring about such changes. Simple aging in the case of Pasteur’s 
cultures of the fowl cholera organism was sufficient to reduce \irulencc so 
that a fatal infection was not produced, and the attenuated strain of bovine 
tubercle bacillus known os BCG was carried on a bile-containing medium 
until its virulence was apparently completely lost. 

Loss of virulence may be accompanied by changes in other characteristics 
such as marked diminution in capsule formation by the pneumococcus, a loss 
of golden pigment by Staphylococcus aureus, somewhat less fastidious nutri- 
thc requirements, etc. In many instances the change is dissociative in nature 
and W in virulence is associated with a shift from the smooth form. In most 
bacteria, of course, virulence is markedly reduced by the S-R dissociation, 
and a change of this kind may occur m vivo, presumably under the influence 
of antibody; for example, the typhoid bacilli excreted by most chronic car- 
riers arc rough, a\ indent forms. 

Virulence may often be restored by animal passage, c.g., successive and 
repeated infection and reisolation of the bacterium through a scries of experi- 
mental animals. It cannot be concluded that the microorganisms arc indi- 
vidually altered in the restoration of virulence by animal passage, and it is 
more probable that the animal acts as a highly selective screen, separating out 
those few bacteria in the inoculum which multiply most rapidly in the 
tissues The restoration of virulence is usually accompanied by a restoration 
of other characters associated with it such as capsule formation. 

The virulence of a microorganism may be modified by passage through an- 
other host species and sometimes, though not invariably, virulence for the 
original host species is reduced. The classic example of attenuation hv ani- 
mal passage is that of Pjsteur’s attenuation of the rabies virus by adaptation 
to the rabbit brain. The original strain from dogs, "street virus,” kills rabbits 
in about two weeks following subdural inoculation, after some twenty pas- 
sages it kills in eight davs, and after an additional twenty or more passages 
tlic penod may he reduced to seven days but cannot he reduced further. This 
''fixed virus” has acquired such a marked affinity for the nervous tissue tint 
it will not produce rabies on subcutaneous inoculation and so may he used as 
an immunizing agent. Such attenuation or adaptation to a new host is very 
common among the viruses, and includes the adaptation of a variety of viruses 
to the chick embryo, the adaptation of yellow fever virus to the mouse brain, 
etc. Perhaps the hest known single example is that of the conversion of 
smtllpox virus to cow-pox virus. 
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Attenuation of virulence is of considerable practical importance in relation 
to the preparation of immunizing agents. Among the bacterial diseases, killed 
vaccines are nor effective immunizing agems m anthrax and tuberculosis, but 
attenuated anthrax bacilli were originally used by Pasteur to immunize sheep, 
and the attenuated strain of tubercle bacilli, BCG, has been of increasing 
interest as an immunizing agent in man. Among the virus diseases, effective 
immunity is rarely obtained with killed material, and vaccines of attenuated 
virus, often given in conjunction with antiserum, are very valuable. 

Biochemical Variation. Variation in the biochemical properties of bac- 
teria, such as fermentation of sugars, decomposition of proteins and amino 
acids, nutritional requirements, resistance to antibacterial agents, and the like 
occurs with some frequency. Changes may appear seemingly spontaneously, 
but more often seem to be in the nature of an adaptive response to the 
environment. 
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Fig. 27 Colonies of Bad. coli mutabile on lactose agar. Note the lactose-fermenting 
papillae of the variant appearing on the non-lactose-fermentjng colonies (Parr). 

Mutation-hke Variation. The best known example of variation of this kind 
was first observed by Massini in 1907. He isolated a non-lactose-fermenting 
strain of Bacterium coli which, when cultivated on lactose agar containing 
an indicator which turned red in the presence of acid, gave rise to white 
colonics. On continued incubation, however, red papillae appeared on the 
colonies, indicating that some of the bacteria were decomposing the sugar to 
acids. This is illustrated in Fig. 27. Subcultures from the red papillae bre 
true and showed no tendency to revert to the non-lactose-fermenting form, 
while subcultures from the white portions of the colonies gave rise to vv ite 
colonies on which red papillae appeared as before. He concluded * e 
change was a mutation and that some strains of the colon bacillus, whic e 
named Bacterium coli mutabile, were genetically unstable with a tendency 
to throw off lactose-forming mutants. Such strains of colon bacilli have si n5 j® 
been found repeatedly and the variation has been studied in some detai . 
was found by Lewis 9 that if such strains were cultured on a synthetic me m 
containing lactose as the only source of organic carbon, a constant proportion, 

9 Lewis Jour. Bact., 1934, 28 619. 
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Further light has been thrown on the probable nature of the anti-opsonic sub- 
stances in aggressive exudates during the prolonged and detailed study of the 
factors involved in antipneumococcal immunity. 

Rosenow (1907) described extracts and autolysates of virulent pneumococci winch 
inhibited the phagocytosis of relatively nvirulent pneumococci ; lie suggested the name 
virulina for the active substances concerned. 

Cole (1917) observed that empyema fluids from pneumococcal infections contained 
soluble substances which specifically neutralized the protective antibodies in an anfipneu- 
mococcal serum, and that similar substances might be present in the blood of rabbits 
suffering from experimental pneumococcal infection. He showed that, when an anti- 
pneumococcal serum was injected intravenously into a rabbit previously infected with 
the same type of pneumococcus, the protective antibodies disappeared very rapidly from 
the blood, and that a similar phenomenon could be demonstrated in patients severely ill 
with lobar pneumonia. 

More recent studies on the antigenic components of bacterial cells (Chapter 8), 
and the demonstration that sensitization to the phagocytic action of polymorpho- 
nuclear cells and macrophages depends upon the union of antibody with an antigenic 
component situated at the surface of the bacterial cell, suggest that the substances 
responsible for the specific anti-opsonic effects of aggressive exudates arc dissolved 
bacterial antigens. Landsteiner’s demonstration of the inhibition of antigen- 
antibody reactions by simple haptens (sec p. 297), and the in vitro reactions 
of specific bacterial polysaccharides that fail to stimulate antibody production 
im vii 'o, indicate that bacterial haptens, ns well as complete antigens, may be 
expected to exert this anti-opsonic effect. 

There is good evidence that this is actually the case. Sia ( 1926) has studied the action 
of the type-specific polysaccharides of Type II and Type III pneumococci on the growth 
of these organisms in serum-leucocyte mixtures from the rabbit and from the cat. The 
pneumococci were of relatively low virulence and developed very poorly m both the 
serum-leucocyte mixtures employed. The addition of minute amounts of Type II poly- 
saccharide greatly increased the growth of Type II pneumococci, but had little effect on 
the growth of the Typo III organisms. The addition of minute amounts of Type HI 
polysaccharide greatly increased the growth of Type III pneumococci, but not of Type II. 

Felton and Bailey (1926) also demonstrated the aggressive action of Type II poly- 
saccharide, by injecting it into mice, together with relatively avirulent pneumococci of the 
same type, and inducing a fatal infection. Type I polysaccharide had analogous effects 
(Ward 1930), and the anti-bactericidal effect proved to be due to the specific inhibition 
of phagocytosis (Ward and Enders 1933). The anti -phagocytic action of the Type I 
polysaccharide as prepared in the laboratory was not so pronounced ns that of Type II 
and Type III polysaccharides. Nor was it as pronounced as that of extracts of pneu- 
monic lungs infected with Type I pneumococcus (Ward 1932). The discrepancy was 
later resolved by the discovery that the polysaccharide preparations, unlike native 
polysaccharide, were not acetylated (see Chapter 8). Acetyl polysaccharide proved to 
be fully anti-opsomc (Enders and Wu 1934). The aggressive effect of the pneumococcal 
polysaccharide in human infections is suggested by the work of Cole (1917) and Park 
and Cooper (1928), who record that a fatal outcome in cases of lobar pneumonia in man 
is frequently associated with the presence in the blood of specific soluble antigen in amounts 
greater than can be neutralized by the antibodies that the patient has produced. 

Dowme (1937) observed an aggressin-like effect of Type I pneumococcal polysaccharide. 
Mice Immunized with a single dose of polysaccharide were resistant to a given dose 
of Type I pneumococci. When this dose was injected together with 0 05 mgra. of the 
same polysaccharide, the immunity was in most cases abolished. Nye and Hams 
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about one in 100,000, of the cells were able to grow. Further studies by 
Deere 1 " have shown that both fermenting and non-fermenting varieties con- 
tain the enzymes necessary for the lactose fermentation, and suggested that 
the fermenting variants differ from the parent strain in that the cell wall 
is permeable to lactose. 

A similar mutation-likc change with respect to citrate utilization by con- 
form bacteria has been observed by Parr and Simpson, 1 1 and extensive experi- 
ments with other members of the colon-typhoid-dy sentcry group of bacilli 
ha\e shown that this kind of variation with respect to the fermentation of 
other substances such as dulcitol is not uncommon. A number of these organ- 
isms will, when cultivated on media containing a sugar they are unable to 
ferment, respond with the formation of such papillae, the tendency toward 
reversion to the parent type varying from one organism to another. 

Mutation-llkc variation occurs in properties other than sugar fermentation. 
One of the most adequately studied of these is pigment production by Bt?c* 
tenmu fnodigiosum, which has been investigated by a number of workers, 
especially Hunting 1 - During growth of the culture white, pale pink, bright 
pink and dark red variants arc thrown off at a relatively constant rate, one 
per 10,000 cells in the case of dark red and one per 3000 cells in that of 
bright pink, but, with rare exceptions in the case of white and pale pink, 
these variants do not breed true and on subculture show essentially the same 
color distribution as the parent strain. 

Variation by Adaptation or Training. Changes in biochemical properties 
also occur in a seemingly more gradual way, induced by continued cultivation 
in appropriate media. Such variation in nutritive requirements is the basis for 
the general observation that the more fastidious pathogenic bacteria are fre- 
quently more difficult to cultivate on primary isolation and enriched media 
are required, while, after being carried in culture for some time, thev grow 
more rapidly and profusely and on somewhat simpler media. For example, on 
primary isolation Brucella abortus requires an increased carbon dioxide ten- 
sion, but after a few subcultures tliis may be dispensed with. Similarly, the 
gonococcus and meningococcus require, on primary isolation, both an in- 
creased catlxm dioxide tension and an enriched medium, usually a heated 
blood medium. After a few subcultures, however, it is no longer necessary to 
supply carbon dioxide, and eventually growth occurs in simpler media 

This process of adaptation to growth on an originally deficient medium has 
lieen studied with respect to specific nutritional requirements Fildcs, Glad- 
stone and Knight 11 found, for example, that some strains of the typhoid 
bacillus which require tryptophane could be trained to grow without this 
amino acul by successive culture in decreasing concentrations of it. Glad- 
stone* * similarly showed that some strains of Staphylococcus aureus that 
initially required a number of amino acids could eventually be adapted to 
grow in the presence of an ammonium salt as the onlv source of nitrogen, and 
lXvre Jimr. Ract.. 19 39. 37 355. 473. 

11 Pan and Simpson Jour. Ract .1910. 40 467. 

’* Hunting Jiair Pact . 1940, 40 57, , t‘)!2. 43 5*0. 593. summarized S»rop. 

yuant Rt-J.. I9«6. II 25. 

11 rjilr*. Gl«l«triiir mil Knight Rot. Jirtn |l\p Paih . J933, |4 IS9. 

• ♦Gladstone lliit. Jour ITp Path. 1937. IS 322. 
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Koser and Wright 15 could adapt dysentery bacilli requiring nicotinic acid to 
growth in its absence. Ability to ferment carbohydrates may also be either 
acquired or markedly enhanced by continued cultivation in the presence of 
the substrate or by very heavy inoculation of highly specific media in which 
the substrate is the only nutritive material. Still other adaptations such as to 
changes in pH, increased incubation temperature and the like also occur, but 
are usually not marked. 

Adaptive Enzymes. 16 The ability of a microorganism to decompose a sub- 
strate may be very rapidly enhanced in the presence of that substrate 
Although known for many years, this particular kind of bacterial variation 
has been the subject of renewed interest as enzyme adaptation. The enzymes 
which may be formed under the influence of the presence of substrate have 
been called adaptive enzymes in contrast with those which are formed whether 
or not the substrate is present, the constitutive enzymes. The formation of adap- 
tive enzymes may he demonstrated by cultivation of the bacteria in a medium 
containing the substrate and then testing the organisms for enzymatic activity, 
or a washed suspension of bacteria grown in the absence of the substrate 
may be mixed and incubated with it. In the first instance, activity is imme- 
diately apparent, the bacteria having formed the adaptive enzyme during 
growth, and in the second a latent period varying from thirty minutes to two 
to four hours occurs before rapid decomposition of the substrate begins. 

Thus, washed suspensions of the colon bacillus bring about an equally 
rapid decomposition of glucose, as measured by oxygen uptake in respfrom' 
eters, regardless of whether the medium upon which the organisms were 
grown contained this sugar. On the other hand, the enzyme system of this 
organism which is responsible for the decomposition of tryptophane to indol 
is an adaptive enzyme. If the medium upon which they are grown contained 
tryptophane, washed suspensions immediately convert the amino acid to 
indol, hut if the medium did not contain tryptophane and the washed bacilli 
are suspended in tryptophane solution, decomposition to indol occurs t>n} 
after a latent period. Similarly, the amino acid decarboxylases are formed for 
the most part in the presence of the substrates. Many of the bacterial pro- 
teases are adaptive enzymes, for only small amounts of the enzymes arc 
formed in the absence of protein, but filtrates from cultures in protein-con 
taining media are actively proteolytic. Various other bacterial enzymes are 
adaptive also, thus, the enzyme responsible for the reduction of tetmthiopa* 6 
to thiosulfate by Salmonella paratyphi B, tetrathionasc, and that cata yZ‘ n 8 
the reduction of nitrate to nitrite by Bnct. colt, nitratasc, are adaptii c. 

The question of whether or not, the formation of an adaptive enzyme is 
associated with bactenal multiplication is one of considerable interest, n 
general it appears that some degree of multiplication is essential (cell n ^ 
occurs even in suspensions of washed bacteria), and it has been shown in 1 
formation of galactozymase by B«ct. colt that the amount of enzyme was ft 
portional to the number of new cells. 17 In a few instances, however, a ap 


« Koser and Wright: Jour. Bact., 1943, 46:239. »q?r 7-350 Dubos: 

16 For general discussions see Karstrom: Ergeb. d. Enzymforscn., l7So, (<? > 

Bact. Rev,, 1940, 4.1; Gale. Bact. Rev., 1943, 7:139. 

Stephenson and Gale: Biochem. Jour., 1937, 31:1311. 



vm bacteriology . 

Salmonella, transformation of genotype hy 
transduction in, 364 J 

Vi antigens in, 703, 807, 813. See oleo 
\ l antigen 

aberdeen, 810, 811, 823, 1800 et sea. 
abortus-bovis, 811, 823, 1803 
abortus-canis, 823 

W6 1803 fJWI ’ 80 °’ 811, 813, 818, 823 ’ 1802 " 
aborlus-vvis, 803, 806, 811, 818, 823, 1802- 

oerra , 830 Etc Sahn. dublin 
aerlrycke. See Salm. typhi-murium 
amersfoorl, 809, 824, 1801 
andftuac. See Salm pensacola 
anatum, 814, 824, 1799 el scq. 
anzona. See 773 
ballerup. See 775 
bareilly, 825, 1799 el seq. 
berhn, 845. Set Salm. thorn peon 
binns, 846. See Salm. typhi-murium 
blegdam, 818, 820 

bovts-morbificans, 811, 826, 1799 el sea. 
brtdeney, 827, 1799 et seq. 

California, 827, 1601 

Cambridge, 814, 827 

canastcl , 807, 827 

Cardiff, 813, 1799 et scq. 

carrau, 810, 827 

cerro, 827, 1801-1802 

chaco, 831 See Salm. enteritidii 

champaign, 827, 1801 

Chester, 828, 1799 el seq. 

cholera-sms, 81 1, 813, 820, 828, 1799 cl sea. 

caln, 829. See also Salm. loeln 

concord, 829, 1801 

Copenhagen, 840. See Salm. typhi-murium 
danysz, 831. See Salm. entenlidis 
dar.es-salaam, 807, 829 
derby, 829, 1800 et seq. 
donna, 807, 829 

dublin, 806, 811, 829, 1800 et seq. 
duisburg, 831. See Salm. gallinarum 
easlbourne, 811, 830, 1800 et seq. 
edmburg, 807, 830 

entenlidis, 806, 811, 819, 820, 830. 1624. 
1801-1808 

var. chaco, 816, 831, 1721 
vnr danysz, 815, 831 
var. essen, 816, 831 
var. gartner, 830 
var. jena, 830-831 

essen, 831, 1801-1803 See also Salm. 
entenlidis 

gallinarum, 803 et seq , 831, 1801 
var. duisburg, 806, 831 
gammara, 811, 832 
gartner, 830. See Salm. ententidis 
georgia, 807, 832 
give, 832, 1799 et seq. 

Havana, 833, 1801 
hexdelberg, 833, 1802 
hormachei, 775 
horsham, 805, 833 
hvitlingfoss, 810, 1801 
inf antis, 833, 1802 
Inverness, 810, 833 

Note.— For species of Salmonella not 


AND IMMUNITY 

Salmonella, Java. 840. Set Salm. pM.mil 
javiana, 806, 834, 1801 1 U 

jena, 830. See Salm, enltriUdis 
Kentucky, 834, 1801-1803 
kiel, 829. See Salrn dubtin 
loeln, 830. Sec Salm. coeln 829. See 
also Salm. dublin 

k unzendorf. See Salm. cholerx suis 

(exmgton, 835, 1802 

litch field, 835, 1801 

lomita, 807, 835, 1801 

london, 811, 835, 1800 et sen. 

macallen, 807, 835 

manhatlan, 836, 1801 

meleayridis, 800, 811, 814, 836, 1800 el ie„. 

rnemphs, 807, 836 

minntsola, 811, 837, 1801-1803 

mission, 807, 837 


Uluouui, oyi, Bja 

new-brunswich, 838, 1801-1803 
neuraslle. See Salm. senftenlerg 
neicington, 814, 838, 1799 et seq. 
neuport, 811, 815, 839, 1799 ft seq 
norwich, 839, 1802 
odense, 840. See Salm. paratyphi B 
onderstepoort, 810, 811, 839 
oranienburg, 811, 813, 839, 1799 el seq 
Oregon, 806, 810, 1802 
panama, 840, 1799 e< seq 
paratyphi A, 803 et seq , 840, 1721 el seq. 
paratyphi B, 803 et seq, 822, 840, 1721 
el seq., 1801 et seq. 
jnratyphi C., 811, 841, 1721 el seq 
pensacola, 841, 1804 

var. anahuac, 841, 1804 
pest is cavix, 845. See Salm.typhi-mun um 
pharr, S07, 841 
poona, 811, 841, 1801-1803 
polsdam, 841, 1799 et seq. 
pucrto-rico, 839. See Salm. neuport 
puUontm, 1753, 1801-1803. See Salm. 
gallinarum 

reading, 841, 1800 et seq. 
riogrande, 807, 842 
rostock, 804, 806, 842, 1802 
rubislaw, 842, 1801 
saint-paul, 842, 1801-1803 
sahnalis, 842, 1804 
san-diego. 842. 1799 el seg. 
san-juan, 807, 842, 1802 
schleissheim, 806, 813, 842 
schotlmulleri. See Salm. paratyphi B 
schicarzengrund 843, 1801 
sendai, 803, 806, 818, 843 
senflenberg, 800, 811, 843, 1799 etteq. 

var. neit'castle, 806, 843 
Stanley, 844, 1800 et seq. 
storrs , 846. See Salm. typhi-murium 
sundsvall, 844, 1801 
taksony, 844, 1801 
tennessee, 845, 1 800 et seq. 
texas, 807, 845 

thompson, 806, 811, 813, 845, li99 el seq 
given in this list, 6eo pp. 823-848 


Biochemical Variation 177 

enzymes have been found to be formed by washed bacteria in the presence of 
the substrate and under circumstances in which there was no detectable cell 
division; these include the formic hydrogenylase of Bad. coli, 1B the galacto- 
zymase of Saccharomyces cerevtsiae 19 and the nitratase and tetrathionase of 
Salmonella paratyphi B and Bad. coli The formation of adaptive enzymes 
by partially poisoned bacteria, t.e., those which cannot reproduce but con- 
tinue to metabolize, has, however, not been observed. 

The distinction between adaptive and constitutive enzymes is not a sharp 
one, for frequently, as in the case of the bacterial proteases, the adaptive 
enzyme is not completely lacking in the absence of the substrate. It is clear 
that there is some relation between the formation of adaptive enzymes and 
adaptation to a substrate by serial culture in its presence in that the distinc- 
tion appears to be in part a quantitative one. In bacterial growth enzyme 
adaptation is expressed in terms of the lag period and the generation time 
during the period of active growth. What might be called the population- 
growth expression of adaptive processes has been studied at some length by 
I linshelwood and his colleagues. 21 They have shown that, in the adaptation 
of Bad. aerogenes to the most efficient utilization of substrates such as glycerol, 
disaccharidcs, glycine, etc., the adaptation is expressed as a transition from a 
slower to a more rapid rate of growth in the early stages as indicated by breaks 
in die growth curves, and as a decrease m mean generation time in the period of 
logarithmic growth, the latter decreasing from 70 to 1 10 minutes for unadapted 
strains to 32 to 33 minutes for adapted ones. The process of adaptation cannot 
he fully explained, however, on the basis of rate of formation of adaptive en- 
zymes, for an adaptive enzyme, such as a bacterial protease, does not tend to per- 
sist as a constitutive enzyme when the bacterium is kept on protein-containing 
media for many transfers and then cultured in the absence of protein. An 
adapted strain tends to breed true to a certain extent in that there is a tendency 
for the acquired property to persist in the absence of the substrate, and the 
tendency’ is directly related to the extent to which adaptation is carried. 
Strains of bacteria vary, but in a general sense it might be said that following 
fifteen transfers in substrate-containing media, the property fends to disappear 
at alxiut the same rate as that at sshich it was acquired, but if the process 
of adaptation has been carried on for, say thirty transfers, it may persist 
indefinitely in the absence of substrate. 

Drug-fastness. Microorganisms may become adapted to the action of anti- 
bacterial sulisianccs, and liy a process of training acquire the ability to grow 
in concentrations that arc bacteriostatic for the unadapted parent strain. This 
adaptation is of particular interest in relation to the antibacterial 3gcnts of 
chemotherapeutic importance, including certain of the dves, the sulfonamide 
compounds, and the antibiotics, penicillin and streptomycin in particular 
Such adaption occurs readily in vitro when the microorganisms arc grown in 
increasing concentrations of the antibacterial agent, and there is com inring 

** Stephenson am! Snclland: Biochon. Jour.. 1933, 27-1 SiS. 

1 * Sirpiimvin and Yudloft Bmchrm Jour.. 1936. 30 506. 

M < vrr PoIlocV- Bnt Jour T Path., 1946. 27.4 19 

*' Clurmicj/ Kinriiei of the JWirruI Cell. Clarendon Press. Oxford 

1940 
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evidence that it also occurs in vivo though the relative importance of the 
latter phenomenon is not altogether clear. Strains of pathogenic microorgan- 
isms that have become resistant to the action of antibacterial substances in 
concentrations within a chemotherapeutic range arc said to be drug-fast. 

From A practical point of view it is significant that such adaptation can 
occur in vivo . Chemotherapy of the parasitic infections, such as trypanoso- 
miasis, is of long standing and the acquisition of drug-fastness by such para- 
sites is well known. Similarly, the development of strains of Treponema pal- 
lidum which are drug-fast to the arscnicals is observed from time to time. 
7 he occurrence of drug-fast strains of bacteria has assumed importance with 
the advent and general use of antibacterial agents effective in the chemo- 
therapy of bacterial infections, first the sulfonamides and later the antibiotics. 
For example, a striking increase in the proportion of drug-fast gonococci 
occurred with the general application of sulfonamide therapy of gonorrhea. 
Carpenter ct air 2 observed an increase in the incidence of sulfonamide-fast 
strains of the gonococcus from 15 to 59 per cent in a period of fifteen months; 
similar results have been reported from Britain, and it is a common observa- 
tion that at the present time the majority of cases of gonorrhea do not respond 
to sulfonamide therapy. 

The prophylactic use of chemotherapeutic drugs also results in the develop- 
ment of drug-fast strains of bacteria. Thus, Siegal, Karr and Julianelle 23 
found that sulfadiazine prophylaxis produced drug-fast pneumococci which 
spread, infecting some 90 per cent of the group under observation, and the 
institution of sulfadiazine prophylaxis of streptococcal infection in naval 
training camps in the United States during World War II was followed by a 
tremendous proportionate increase in drug-fast strains of streptococci within 
these groups which produced streptococcal infections that did not respond to 
sulfonamide therapy (p. 359). Cases of infection with sulfonamide-fast pneu- 
mococci have been found and the development of drug-fast strains during 
therapy and their spread to other persons have been observed; as yet, however, 
no widespread prevalence of infection with sulfonamide-fast pneumococci 
has been observed, and according to Hamburger ci air* the occurrence of 
drug-fast strains has not been quantitatively important in clinical practice as 
yet. 

The widespread use of penicillin has resulted in an increase in penicillin- 
fast strains of staphylococci; in Hammersmith Hospital in London 14.1 per 
cent of strains isolated from lesions in the period April-November, 1946, 
were- penicillin-fast, and this rose to 38 per cent For the period February- 
June, 1947 25 Drug-fastness to streptomycin is especially prone to occur, and 
develops so rapidly in the infected individual undergoing therapy as to limit 
somewhat its chemotherapeutic value. It is not clear whether the observe 
increasing proportion of drug-fast strains of bacteria results from an adapta- 
tion to the drug in vivo and spread of the fast strain, or whether the drug 

Carpenter, Ackerman, Winchester and Whittle: Amer. Jour. Pub. Health, 1944, 
34 - 250. „ 0 

23 Siegal, Karr and Julianelle: Amer. Jour. Hyg., 1945, 41:228. 

24 Hamburger, et al : Jour. Inf. Dis , 1943, 73.12. 

25 Barber Brit. Med. Jour , 1947, i«'863. 



BACTERIOLOGY AXD IMMUNITY 


xlii 


« Staphylococcus , saprophyticus, 714 
Starvation, effect of on resistance, 136S 
Stationary phase of growth, 101, 112 
Statistical methods, use of, 1117-1138 
Sterilization, early work on, 7. See Dis- 
infection 
of milk, 2329 
Stem reaction, 80G 
Sternal puncture, 1726 
Sticky eye, 1690 

Stomach, bactericidal mechanisms of, 1163 
normal flora of, 2252 
Stomatitis, aphthous, 2127 

contagious pustular of horses, 2123 
herpetic, 2127 
of infants, 1790 
vesicular of horses, 2139 
Strangles of horses, 670, 1690 
Straus’s reaction, 579, 5S0, 1610 
Streptobacillus moniliformis. See Acltno- 
bacillua nutria 

Slreptobacterium case i, 866, 869 
Streptococcus, 649-693 

a-hjcmolytic group of, 677-681 
classification of, 679 


2263 

in gas gangrene, 1984 
in myositis, 1697 
in puerperal fever, 1677 
in septicaemia, 1684 
antigenic structure of, 659, 679, 6S3 
/Mi.eniolj’tic group of, 651-677 
a-brcmolytic variants of, 656 
antigenic structure of, 325, 659 
group antigens, 659 
M and T antigens, 661 
R antigen, 667 
tjpe antigens, G60 
/Mi.emolysins of, 655 
/Mi.vmolysis produced by, 654 
tnpsulc formation by, 651, G63 
dwarf colonics of, G67 
fermentation reactions of, 657 
Group A, GG7. Sco abo Str. 

pyogenes 

Group II, GOD See also Sir. 

agalactia: 

Group C. 670 

Group D, 671 Sec alio Str. 

j.rcaha 
Group E, 674 
Group F, 675 
(•roup G, 675 
Groups II and lv. 676 
Groups L and M, 676 
Group N, 670 
Group O, 677 
Groups other, 677 
beat resistance of, 657, 65S 
matt, mucoid, smooth and rough 
colonies of, 356, 666 
morphology and culture or, 051, 652 
motile forms of, 651 
nomenclature of, 667-677 
non luvnwly tie variants of, 656 


Mrcpfococcus, £-h.ein»l}tic group of, p,illu«. 
genidty of, 662 

toxins formed by, CC2-CCC, 1 153-1151 
\ ariation in, 356, 6CC 
classification of, 650 

by changes produced on blood media, 


by fermentation reactions, 657 
hicmolysis produced by, 652-657 
in appendicitis, 1C90 
in cholecystitis, 1691 
in endocarditis, 1714-1716 
in infantile enteritis, 1785 
in mastitis, 16S7 
in peritonitis, 1692 
in sinusitis, 1692 

m suppurative lesions of the urinary tract, 
1693 

in wounds, 1695 
acidominimua, 6S0 
agalactia ?, 662, CCD, CS9 
in mastitis, 1687 
unginoaua, 669 
bovis, 672, 673, 674 
rani's, 675 
cremoria, 67G 
durans, 673 
di/s^alncftie, 671 

epidcmicus, relation of to Sir. pyogenes, CCS 
equi, 670, 67 1 
cquinus, 6S0 
equisimtlis, 671 
tecalis group of, 071-674, 689 
heat resistance of, 657, 658 
in milk, 2312 

m water, 2285, 2297, ”301, 230- 
rclation of to Str. lactis, 67- 
/.Tcium, 673 
ghjcerinaceua, 673 

li.emol) t icus, 668. Sec Sir. py-genes 
infrequent, 669 
If fir, CS1 
laths, 676, 690 
in milk, 2312 
liquefaciens, 673 
MG, 680, 2100, 2101 
maslilidii contagiosa", 669 


minutua, 675 

Midis, CS0 

pneumoniae, G81-OS7, 691 

antigenic structure of, 083 
antigenic types of, 18S3 
transformation of genotype 
CS6 

antigens of, 325, 683 
lule solubility of, 682 
tabular swelling rc.utmn 


of, 353, 


of, 279, 


tnpsulc formation by, 2<D, 681, 6>t 
chemical stmt ture of, (Wl . 

diseases cnu«ed by, 16J0, 16.- ■" 

1878-1890 . . . (Jl , 

frequency of lypw hfaUh anI d 
ease. 1883-18*0 

hjemolyem of, 6S0 , 

hyaluronida«e production J»J , 
in normal na*oph«p nT * *- J „. 

mitoouine. sensitivity of to, . 



Biochemical Variation 1 79 

fast strains exist prior to therapy and occur in larger proportion through 
elimination of susceptible strains by chemotherapy. It is not unlikely that 
both processes are operative, but their relative importance is not known. In 
any case it is clear that virulent, drug-fast strains of bacteria can and do 
develop and become disseminated through the host population. 

As indicated elsewhere (p. 155), antibacterial agents affect the physio- 
logical processes of the cell, and it follows that the nature of the modification 
that results in drug-fastness is essentially one in the physiology of the bac- 
terium. There is evidence for three general kinds of modification, viz.. 

Cl) If the drug acts by interference with some particular metabolic proc- 
ess, it is not unreasonable to suppose that the drug-fast strain may by-pass 
that process and make use of some alternative mechanism. If so it might be 
expected that the fast strain would differ physiologically from the parent 
strain. Such physiological differences have, in fact, been observed in sulfa- 
pyndinc-fast pneumococci which, while dehydrogenating glucose at a rate 
equal to that of the parent strain, cannot dehydrogenate 3-carbon intermedi- 
ates such as glycerol, lactate and pyruvate, while the parent strain can, and 
show also a marked diminution m hydrogen peroxide production. 2 ' 1 If, how- 
ever, the drug interferes with a synthetic process, the modification would not 
appear in the respiratory metabolism. While the processes of synthesis are much 
less well understood, there is evidence which suggests that alternative path- 
ways of synthesis may be developed, as in the syntheses involving panto- 
thenic acid catalysis by streptococci 27 and pantothenic acid and tryptophane 
metabolism of staphylococci. 2 ’ 

(2) Since the action of the sulfonamides is antagonized by p-aminobcnzoic 
acid, it has been suggested that in some instances sulfonamide-fast strains of 
bacteria are resistant by virtue of an increased production of this or similar 
antagonists. In support of this it has been found that sulfonamide-fastness of 
staphylococci and gonococci is in some cases associated with the production of 
increased amounts of p-aminobcnzoic acid, 2 ** and it has also been shown that 
pantolyltaurine-fast strains of the diphtheria bacillus arc resistant because of 
their ability to synthesize pantothenic acid. 21 Specific antagonists of many 
antibacterial substances, including the antibiotics, are not known and the 
extent to which this general explanation of drug-fastness can be tested is not 
great as yet. 

(3) A third possible explanation is that, if the drug acts as a competitive 
inhibitor of an essential metabolite because of similarity in molecular struc- 
ture, the adaptation may consist in the development of the ability to metab- 
olize the drug instead of the metabolite, giving rise to an apparently anomalous 
situation in which the essential metabolite shows antibacterial activity. A 
number of observations in support of this view have been reported. It was 
found hv Woolcy 30 that strains of the yeast Endow) ccs vcrWis which were 
inhibited hv pvritluaminc. an analogue of thiamine, could he made resistant 

*“ Maclxixl Proc. Soc. Exp. Hk>l. Med., 1939. 41 : 21 S. 

Mcllwain- Brit. Jour. Exp Path., 1943, 24 203. 

Sevan ami Gfrm. Jcntr. Pact.. 1944, 4S MS, 623, 631. 

r ’Lande. Ijrlum, OwvalJ ami StrcightofT. Science. 1943, 97.265, Spinl Jour. Exp 
Mol. 1*444. 79 331, I-xndv and Centum: Jour. Immunol., 1945, 51.269, 
proc Snc Exp. Biol. Med.. P44, 55-179. 
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by cultivation in its presence, and simultaneously acquired the ability to 
utilize pyrithiamine instead of thiamine. Emerson and Cushing 3 * reported 
that a strain of the fungus Neuibspora, made sulfonamide-fast by cultivation 
in the presence of sulfanilamide, not only utilized the drug but required it as 
an essential metabolite, and that the drug-fast strain was inhibited by 
p-aminobenzoic acid, the reverse of the behavior of the parent strain. Simi- 
larly, streptomycin-fast variants of meningococci were found by Miller and 
IJolinhofF , 32 some of which required streptomycin for growth, i.c., were strep- 
tomycin-dependent, and others were only streptomycin-fast. Strcptomyein- 
fast dependent variants of staphylococci, enteric bacilli, etc., have been 
described by Kushnik ct n/. 3J and by Paine and Finland . 31 The role of strep- 
tomycin as an essential metabolite for such variants is also strongly supported 
by the studies of Rake. 3 *’ 

There arc, of course, still other explanations of the basis of adaptive resist- 
ance to antibacterial agents. For example, a degree of tolerance might also 
result from the development within the cell of substances which decrease the 
solubility of the drug and hence its ability to penetrate the cell; such an ex- 
planation has, in fact, been suggested to account for the tolerance which 
certain fungi may develop for disinfectants. Or the drug-fast variant may 
inactivate the antibacterial agent by decomposition; naturally occurring penic- 
illin-resistant strains of staphylococci often produce penicillinase, and penic- 
illin-inactivating substance is formed by some penicillin-fast variants . 30 

Ir is not necessary to assume that a single mechanism is operative in the 
development of drug-fastness, i.c., those indicated above arc in no sense 
mutually exclusive, and it is, in fact, probable that a variety arc functional. 
For instance, while sulfonamide-fastness of gonococci is sometimes associated 
with an increased production of p-aminobenzoic acid as noted above, all 
sulfonamidc-fast gonococci do not produce antagonists. Furthermore, more than 
one mechanism may be operative in a single adaptation; Davies and I linshel- 
ivood 37 have reported, for example, that in the adaptation of Bnct. nerogencs 
to sulfanilamide there is first a reduction in the prolonged lag period pro- 
duced by the drug which they interpreted as the development of an alter- 
native growth mechanism, and later an enhanced growth rate due to the 
formation of an antagonist. 

The development of drug-fastness is most commonly a gradual process, 
though there are exceptions such as the streptomycin-fast dependent meningo- 
cocci which appear on initial culture. The bacteria are usually cultured in 
increasing concentrations of the drug over an extended series of transplants 
and become more and more drug-fast in that successively higher concentra- 
tions are tolerated. These sometimes become almost fantastic in the light or 
the original sensitivity. The drug-fastness is specific also in that a sulfonamide- 
fast strain is normally susceptible to penicillin, etc. This specified) may 

31 Emerson and Cushing: Jour. Bact., 1947, 54:195. 

32 Miller and BohnhofF: Jour. Bact., 1947, 54:467. 

33 fCushmk, Randles, Gray and Birkeland. Science, J947, 106587 * 

31 Paine and Finland. Science, 1948, 107 : 143. 

« Rake. Proc. Soc. Exp. Biol. Med., 1948, 67-249 
See North and Christie: Med. Jour. Australia, 1946, 33:176. 

3 ^ Davies and Hinshelwood. Trans Faraday Soc., 1943. 39 431. 
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extend within a group of closely related compounds such as the sulfonamides, 
and Harris and Kohn 38 have reported that acquired resistance of Bad. coh 
to sulfanilamide did not always parallel that to sulfathiazole. Or it may extend 
to other compounds; thus Hinshehvood 21 has shown that Bad. aerogenes 
adapted to proflavine shows some “cross adaptation” to other acridines, meth- 
ylene blue, and propamidine. In general, the specificity is greatest in the 
early phases of the adaptation. As indicated above, drug-fastness may be tem- 
porary in that reversion occurs on continued culture in the absence of the 
drug, but when the adaptation is carried over many transplants and to rela- 
tively high concentrations of the drug, it is apparently permanent. Reversion 
may be induced in some instances, however, by adaptation to some other 
drug, and acri flavine-fast Bad. aerogenes becomes susceptible to acriflavinc 
when adapted to phenol. 

Immunological Variation. The loss of capsules in the conversion of S 
to R forms is reflected, not only in the morphology and virulence of the 
organism, but also in its immunological character. The capsular material, 
usually polysaccharide in nature, confers a type specificity upon the organism, 
while the cell body proper contains antigens, designated as somatic, which 
confer an immunological relation upon closely related forms having similar 
or identical somatic antigens but different type-specific antigens The change 
from S to R is, then, ordinarily accompanied by a loss of immunological spec- 
ificity. The pneumococcus types, for example, differ from one another by 
virtue of typc-spccific capsular material and in the rough form lose their type 
specificity and become immunologically identical (p. 385). 

Another type of colony variation or dissociation connected with the presence 
or absence of flagella was originally observed in cultures of Proteus vtdgnris. 
The ordinary type of Proteus colony is irregular and tends to spread in a thin 
film o\er the surface of an agar medium because of the pronounced motility of 
these organisms, but occasionally compact, discrete colonics are observed. The 
spreading tvpc has been designated by the letter 1 1 (German / fmicfi = film) 
and the discrete Form by the letter O (German olive Hattch — without film). 
The distinction between 1 1 and O forms has come to have considerable sig- 
nificance because of the difference in the antigens present in the flagella and 
those present in the cell body, the ] I or flagellar antigens conferring, like the 
capsular polysaccharide of some organisms, a type specificity upon the bac- 
terium The O antigens, though often referred to as somatic antigens, arc by 
no means strictly analogous to the somatic antigens of the rough forms of 
bacteria, as will appear 

The nature of the 1 1-0 variation would appear to be different from that 
of the S-R variation in that the former takes place somewhat more readily 
and docs not have a semipermanent character. The formation of flagellar 
antigen, for example, may be suppressed by cultivation of the bacteria on 
phenol agar, a suppression which is immediate hut not permanent, for transfer 
to nutrient agar results in the prompt reappearance of the II antigens Fur- 
thermore, the 1 1 antigens of Salmonella have been found to be of two kinds, 
specific and nonspecific (the non-specific having even broader group afliha 
tions than the O antigens). Bacteria! species having both specific and 
Harm am! Kuhn l-mr Immunol , 19 H. -16 169. 
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the cyclical processes of carbohydrate metabolism like the alcoholic fermenta- 
tion, the Krebs cycle, etc. The individual reactions are determined by the 
concentration of intermediates, the amount of enzyme and the reaction veloc- 
ity. A steady state occurs during logarithmic growth, but with the exhaustion 
of food materials, accumulation of metabolic products and the like, there is 
cessation of the maximum growth rate and concentrations of diffusible inter- 
mediates fall, and the individual enzymes decay and alter in their relative 
proportions as the system moves toward a new equilibrium. On transfer to 

fresh medit ,m * 

up of conc< 

toward an e^umbuum consistent with maximum growth rate. Thus, the rela- 
tive proportions of the elements of the catalytic system and the concentrations 
of substrates of the individual reactions exist in a secies of metastable states 
of enzyme balance under ordinary culture conditions For example, the forma- 
tion of bacterial deaminases is suppressed during rapid growth in the presence 
of fermentable carbohydrate and does not occur at acid reactions but de- 
carboxylases are formed at an acid reaction, and both kinds of enzymes are 
formed in the later stages of culture growth; the kind and proportion of 
enzymes present is a function of the age and condition of the culture. Similarly, 
the products of carbohydrate metabolism depend upon environmental factors, 
again a matter of balance in the function of the cellular enzymes. 

If a strain of bacteria is transplanted to a medium differing from the one in 
which it has been grown, a greater degree of adjustment occurs. For instance. 
Bad. aerogenes ferments both glucose and lactose, but if cultured continuously 
on glucose and then transferred to lactose, the growth rate, measured as the 
mean generation time, is reduced. After several transfers in lactose the rate in- 
creases and the strain grows as rapidly in lactose as it formerly did in sucrose. 
If the training to lactose is only partial, reversion occurs in non-lactose-contain- 
ing media, but if the strain has been carried through many transplants in 
lactose, the ability to use the sugar with a maximum efficiency persists. Since 
the bacterium ferments both sugars with facility the adaptation is not overt, 
but it is, nevertheless, a typical adaptation, and the result is clearly a conse- 
quence of alteration in the balance of enzymes already existing in the cell. 
The adaptive process is much more striking, and less obviously a result of 
change m enzyme balance, when there is a great differential between the 
parent and adapted strains, as between no detectable acidity and an active 
fermentation, whether it occurs slowly on successive transfer or very rapidly 
as in the formation of an adaptive enzyme. 

The change in enzyme balance may be quantitative in nature. The enzyme 
in question may be present only as a precursor, the formation of er ' z y m ^ 0I “ 
curnng in the presence of substrate through mass action as suggested by u 
km 4 ** for adaptive enzyme formation Or the enzyme may be initially present 
in only very small amount, on the basis of comparison between num er o 
molecules of certain vitamins per cell and the turnover rate of several enz)mes, 
McIUvam 50 indicates how some enzymes may be present as only one or a ew 
molecules. Or, finally, catalysis of the new reaction may be a function o an 

49 Ytidkm Biol. Rev., 1938, 13:93. 

50 McIUvam Nature, 1946, 158:898. 
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existing enzyme but at a relatively low reaction velocity, and adaptation a 
matter of expansion of that enzjme The last opens the question of quahtame 
modification of the enzyme, in that distortion of its specificity by a slightly 
different substrate requires greater activation energy and hence a lowered 
reaction rate, but if the substrate is present during formation of the enzyme, 
and the distortion not too great, a modified pattern may e\cntually result. This 
is consistent with much of the observed data but there is no direct evidence 
regarding it 

Drug-fastness is also satisfactorily explained in terms of enzyme balance. As 
indicated earlier, drug-fastness may result from the production of an inhibitor 
such as p-aminobcnzoie acid m excess amounts, a qualitative modification 
such that the drug displaces the antagonist as an essential metabolite, or by 
diversion to an alternate metabolic pathway. The first of these is clearly an 
expansion of an existing catalytic system Regarding the second, suppose it be 
assumed that the drug displaces the prosthetic group of an enzyme, viz., panto- 
lyltaurine, to give a modified enzyme and the formation of different metabolic 
products The adaptation can thus consist of an altered enzjme balance to 
allow the metabolism of the new intermediates, and when this is established, 
the original essential metabolite competitively inhibits the new system and the 
drug has become an essential metabolite. The development of an alternate 
metabolic pathway is likewise an expansion of an existing enzyme or system 
of enzymes which ordinarily contributes in hut small amount to the main- 
tenance of the concentration of a given intermediate, perhaps because of lower 
reaction velocity. When the function of the usual system is inhibited by the 
drug, the alternate is expanded, perhaps only quantitatively, to neutralize the 
effects of the lower reaction velocity. The whole is analogous to an industrial 
system in which a raw material for a given process is shut off, an alternative, 
more expensive process is developed and the economics effected in large scale 
operation make it as efficient as the original process. 

TI1E INTERPRETATION OF TIIE PHENOMENA OF VARIATION 

The significance of the phenomena of bacterial variation to biologv is un- 
certain. because of unique environmental factors interpretation of the morpho- 
logical variation of individual cells presents unusual difficulties, and neither 
the mechanisms underlying this type of variability nor its relation to variation 
in anatomical structures of higher organisms is apparent as jet. Variation in 
colonial morphology, however, appears to be associated, in part, with physio- 
logical .and immunological variation, and it is not unlikely that changes in col- 
ony form arise as a consequence of alterations in the nature of the cell surface. 

The significance of the apparent loss and gain of physiological characters, 
even if these be absolute in that a property is completely lost or absent, is 
difficult to assess in general biological terms. As Needham'* lias pointed out, 
although a structure which makes possible a given physiological function may 
not he regained after being lost, the organism may rc-acquire the function 
through the development of another and different structural mechanism. It is 
clearly open to question as to whether an enzyme system lost or gained by a 

11 Nfniliini' Omffil'tilinni of Chemical PJij u'ofoo to the Problem of HererubJtiy in 
nWhivw. R..J Ro- 19«. 1 3 225. 
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bacterium may be regarded in the same category as an anatomical structure 
such as a tooth. 

The immunological characters of bacteria, however, have their counterparts 
among the higher organisms in which immunological characters arc known to be 
inherited, as in the case of human blood groups, or parallel phylogenetic 
relationships of accepted zoological classifications, as in the immunological re- 
lationship of blood proteins. In this connection it lias been shown* 8 that the 
immunological character of scrum proteins of pigeons is genetically deter- 
mined. If immunological characters of bacteria arc to be regarded as funda- 
mentally significant, it appears that on the one hand bacteria are unstable 
in tliis respect, viz., the constant fluctuation of specific and non-specific flagellar 
antigen in the diphasic Salmonella, and on the other, that such characters may 
be acquired through environmental influence. The fluctuating variation be- 
tween specific and non-specific II antigens and the random redistribution of 
these antigens in the bacterial population following selection may well indicate, 
however, that some, at least, of these immunological characters may not be of 
fundamental biological importance, a suggestion that is, in part, supported by 
present knowledge of common antigens and partial antigens. 

This apparent acquisition of new immunological characters is also of interest 
in a somewhat different connection, that of the apparent autocntalytic proper- 
ties of some substances. Recent studies have indicated that some of the filterable 
viruses arc proteins. Since these agents arc able to increase in the body of 
the host, it would appear that they stimulate the host cells to form more virus 
protein. The analogy to the transmutation of pneumococcus types and the 
acquiring of the Iietcrophile antigen by the typhoid and paratyphoid A bacilli 
is obvious 

Bacterial Phvlogcny. From the evidence of comparative bacterial 
physiology (Chapter 4) it appears not unlikely that bacteria were among the 
first living organisms on the earth. The autotrophic bacteria may plausibly 
be regarded as primitive forms of life that could exist in an environment con- 
taining no organic matter, and that have persisted until the present time. Teleo- 
logically, it would seem that in the bacteria nature tried a variety of energy- 
yielding mechanisms ranging from the oxidation of inorganic compounds of 
nitrogen, carbon, sulfur, iron, manganese, etc., to the utilization of radiant 
energy by the photosynthetic forms. The last process, however, became of 
quantitative importance in the green plants rather than in the bacteria. \> »th 
the accumulation of organic matter, transitional forms, persisting today as the 
facultative autotrophes, arose in which there appeared mechanisms for the ox- 
idation of organic compounds, concurrent with this development came the 
ability to respire in the absence of molecular oxygen. The wide variety of bac- 
teria which exist at the present time may well be regarded as a consequence 
of the physiological expansion made possible by the accumulation of a variety 
of organic compounds and the development of respiratory mechanisms t at 
made possible their utilization. In this connection it is of interest that vestiges 
of autotrophic physiology, such as the ability to oxidize hydrogen, persist m 
some of the heterotrophic bacteria. . ( , 

With this development of respiratory mechanisms, however, a series o e- 

82 Cumley, Irwin and Cole Proc. Nat. Acad Sci.» 1941, 27.565. 
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Hirst (1941) protected mice infected with Group C, hut not those with Group A, by treat- 
ment with leech-extract hyaluronidase. Blundell (1942) found only a feeble protective 
action in bull-testicle hyaluronidase in Group A infections ; and McClean (1942) none at 
all, in either Group A or C infections, with doses of enzyme in excess of those required 
for decapsulation of the streptococci in vitro. Kass and Seastone (1944), however, report 
that bull-testicle hyaluronidase increases the bactericidal power of normal blood for 
Group A streptococci, and will protect mice against Group A infection. (See also Rothbard 
1948.) 

It is possible that the Vi antigen of Salm. typhi (sco Chapter 30), which is associated 
with the virulence of the organism, may act analogously to the capsular substances of 
the cocci. It is only one-fiftieth as toxic as the O endotoxin (Henderson and Morgan 
1938) ; nevertheless, intravenous injection of extracts of Vi bacilli greatly reduces the 
protective effect of Vi antisera in mice infected with the living bacilli (Henderson 1939; 
see also Leon and Morales 1943). In animals with protective O antibodies, it is possible 
that the Vi antigen is an effective aggreasin if it covers the surface of the infecting bacterium, 
thereby masking the 0 antigen and preventing opsonization by the 0 nntibodj" (see Felix 
and Pitt 1951). 

The “ complete ” antigens of enterobacteria, ns extracted by tiie trichloracetic acid 
method of Boivin, arc both specifically and non-spccificnlly aggressive ( Iloi vin and Delaunay 
1942, 1943, d’Alessandro 1951-52). The non-toxic polysaccharide hapten component 
of this lipo-protcin-polysaccharidc complex is also specifically aggressive, presumably 
because it neutralizes opsonic antibody (Boivin and Delaunay 1945). The non-specific 
effect of, for example, a Bad. coli complete antigen on a Salm. lyphi-murium infection 
of mice, appears to be a consequence of intoxication of the experimental nnimal. 

Aggressins of this kind nro not confined to enterobacteria. Complexes isolated by the 
trichloracetic acid method from virulent human tuliercle bacilli will enhance the infectivity 
of tubercle bacilli for guinea-pigs, wherens similar extracts of attenuated strains do not 
(Raffcll 1947). 

The neutralization of protective antibody by soluble antigens is unlikely to have any 
general effect on infections of tlio non-immumzod animal until antibodies are formed in 
response to the infection; and, as we noted in the last chapter, serum antibodies do not 
usually appear until the second or third day (sec, e.g., Wood et al. 1040). Another action 
of antigens is possible, which may affect an earlier stage of the disease although we have 
no evidence as jet that it occurs, namely, the paralysis of antibody formation, either local 
or general, by overwhelming doses of antigen (see Felton 1949 and Chapter CO). 

In addition to these dissolved haptens or antigens it is clear that somo infective exudates 
will contain other more or less toxic substances of bacterial origin that interfere with the 
defence mechanism of the host, as we have alrcadj' noted in anthrax infection. Roth 
Pettersson (1940) and Stevenson and Reed (1940) record a negative cheniiotactie effect 
in Staph, aureus ; the substances responsible appeared to be distinct from the recognized 
components of staphylococcal toxin. Pettorsson’s substance, winch he tails “ negatactic, 
was antigenic, and antisera prepared against it had a protective effect in guinea-pigs and 
mice. Pettersson (1943) also described negatactic substances, distinct from capsular 
substances, in B. anthracis and pneumococci. The anthrax anti -negatactic sera appeared 
to act by permitting the infiltration into the infected tissue of active phagocytes. The 
pneumococcal negatactic substances displayed some degree of host-specificity ; the phago- 
cytes of man and of the rabbit were susceptible to its action, but those of the mouse and 
guinea-pig were not. 

The frank toxins of a bacterium may have an undoubted specific action on 
the mesenchymatous defence cells of the host. Two pathogenic species, at least, 
Staph aureus and Sir. pyogenes , produce a specific leucocidin that attacks the poly- 
morphonuclear cells , and, for example, Dennis and Senckjian (1939) report an 
antigenic leucocidin in Salm typhi We know little as yet about the action of 
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generative changes appeared, the first being the loss of the ability to reduce 
carbon dioxide, followed by an increasing dependence upon preformed organic 
compounds as building stones for protoplasm and upon preformed components 
of the enzyme systems concerned in respiration, such as coenzvme, thiamine 
and the like. Degeneration appears most marked in the pathogenic forms 
(possibly reaching an ultimate in the filterable viruses if, as some think, these 
are microorganisms completely dependent upon the host cells for enzyme sys- 
terns), and it is possible that this degeneration has been accelerated through 
parasitism. 

Such an approach necessitates the assumption that the autotrophes appeared 
fully developed and in very’ many respects this seems highly improbable. An 
alternative which avoids this difficulty is the assumption that the formation of 
organic matter, through the condensation of small poly functional molecules 
with aggregation into macromoleculcs, preceded the appearance of living 
cells, and that these were essentially heterotrophic. From such hctcrotrophic 
ancestors the autotrophic bacteria could develop as the supply of preformed 
organic matter ran low, and present hctcrotrophic forms utilizing organic 
matter of green plant origin differentiated cither from or coincidentally with 
the autotrophes 

Parasitism.’ 1 Although the ability of some bacteria to produce disease 
may be a purely fortuitous coincidence, viz., the tetanus bacillus, many of 
the pathogenic forms have, through long association, become adapted to life 
in the body of the host to such a degree that they are unable to survhc in 
nature or possibly c\cn on artificial culture media or in the bodies of animals 
closely related to the particular host. This seems, for example, to be the case 
with the leprosy bacillus, which, so far as is known, is not able to grow any- 
where except in the body of man and possibly of the anthropoid ape. Theobald 
Smith has suggested that bacteria of great pathogenic power should be regarded 
as incompletely adapted parasites that have not yet succeeded in establishing 
an equilibrium between themselves and their host. The less complete the 
adaptation, the more virulent the disease produced. This concept would 
explain the tendency of long established diseases to decrease in severity at the 
same time that they are becoming more prevalent. 

This adaptation to a parasitic mode of existence is indicated in a variety of 
ways. The nutritive requirements of some of the pathogenic bacteria, for 
example, such as the necessity for fresh blood, ascitic fluid and the like in 
laboratory media, suggest an adaptation to an environment in which these or 
similar substances arc available— the tissues of the host. The optimum tempera- 
tures for the pathogenic bacteria arc, without exception, the body temperatures 
of their host, the human type of tulicrclc bacillus grows best at 37° C. but the 
avian type is presumably adapted to the higher bodv temperature of the bird, 
41® in 42° C 

The question of whether a host may, through long association, become 
adapted to a parasitic bacterium to such a degree that the presence of the 
microorganism is either necessary or of advantage to the continued existence of 
the host is an open one. In certain cases the presence of a parasitic luctcrium 

S, P/ Smith, ThfiWJ Pmutiim DiiMir. Pnncrtm Umirnni Press, Pri!»crt>»n. 
19 M 
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There is, perhaps, something to be said for the term aggressive action, if we can so 
define it as to make it fill a gap in our terminology. It would seem to be most 
usefully employed as indicating an action on the cells or body fluids that is not 
directly cytotoxic, or of which the directly injurious effects are minimal, but which 
so interferes with the defence mechanism of the host as to favour, specifically or 
non-specifically, the multiplication of bacteria witbin the tissues. 
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bears a significant relation to the assimilation of food by the host; such, for 
example, is the case with respect to the leguminous plants and the root nodule 
bacteria, and the herbivorous animals and cellulose-decomposing microorgan- 
isms. Whether the abundant intestinal flora of man and other animals in 
general functions in a similar fashion has been the theme of considerable spec- 
ulation and some investigation. Nuttall and Thicrfelder early showed that 
guinea pigs removed by cesarean section and kept in a sterile environment 
survived for ten days or so, but Schottclius was not successful in rearing bac- 
tcnologically sterile chicks. Nutritional inadequacies of the chick diet appar- 
ently accounted for these results, for it was later shown that chicks could he 
raised for as long as forty days in a bactcria-frcc environment. The work of 
Reyrucrs 11 and his colleagues in recent years has shown that not only 
chickens, but a variety of higher animals such as guinea pigs, rabbits, rats, etc., 
may develop in the complete absence of bacteria. It appears likely, therefore, 
that an intestinal flora is not essential to the continued existence of some of 
the higher animals, but whether it may be an advantage is as yet uncertain. 

1,1 Rcymcrs: Micrurgtcal and Gernt-Frec Techniques; Their Application to Experimental 
Biolog) and Medicine. Charles C Thomas, Springfield, ill. 1943. 
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of cases, a concentration over 1/100 to 1/20 unit per ml. of blood ensures a negative 
Schick reaction. 

The proportion of persons with diphtheria antitoxin in the circulating blood 
varies in a striking and characteristic way as we pass from birth through childhood 
and adolescence to maturity and old age. Table 75 sets out the extensive figures 
recorded by Zingher (1923), where the percentage of positive reactors is tabulated. 

At about 6 months of age just over half the infants react positively. The 
percentage of positive reactors then rises rapidly and between 8 months and 3 years 
fluctuates about an average of 88 per cent. After this, there is a continuous fall, 
at first rapid, then more gradual, till at the allotted span of three-score years and 
ten the proportion has dropped to approximately 5 per cent. 

. TABLE 75 

Composite Table show isq Percentage or Schick- Positive Reactors jn Various Ace 
Grouts in New York City ani> New Jersey. 


As« Group. 





Number Tested. 

Per cent. Positive. 

6-7 months 






63 

56 6 

7-8 






41 

63 4 







G2 

83 8 

9-10 






58 

93-1 

10-11 






61 

870 

11-12 






34 

91 "1 

1-3 years . . 






1,727 

83 2 

4-6 M . . 






1,328 

58 6 

0-7 „ . . 






13,754 

50 4 

7-8 .. . . 






16,180 

43 5 

8-9 „ . . 






17,126 

36 6 

9-10 . 






18,065 

32 2 

10-11 „ . . 






18.057 

29 3 

11-12 „ . 






17,994 

28 2 

12-13 „ . 





. 

16,258 

26 6 

13-14 .. . . 






14,138 

231 

14-15 „ . . 





. 

9,650 

19 7 

15-16 „ . . 






4,861 

17 8 

16-17 „ . . 






369 

18 4 

20-30 . . 






1,253 

11-7 

30-40 ,. . . 






1,488 

10 6 

40-50 „ . . 






1,220 








920 

64 

60-70 „ . . 






662 


Over 70 „ . . 






181 

65 


The Origin of the Natural Antitoxins. 

The most generally accepted view of the immunological events underlying this 
observed fluctuation in skin-sensitivity to diphtheria toxin is as follows ® os 
new-born infants have circulating antitoxin acquired passively from their mot ws 
—mainly by passage to the foetus during pregnancy, in part perhaps with t e 
colostrum in the early days of suckling. This passive congenital immunity, i e 
all other types depending on the passive acquirement of antibodies, will be relative y 
short-lived. A careful study of the disappearance of antitoxin from the bloo o au 
infant whose mother was highly immune is recorded by Neill and his col leagues 
(1932). From infancy onwards the child will be exposed to the risk of iuftc ion, 
increasing from year to year during the earlier part of school life. Some c i rcQ 
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THE CLASSIFICATION OF BACTERIA 


The classification of bacteria presents peculiar difficulties that stem more or 
less directly from their simplicity of structure. Since taxonoms in general rests 
on a morphological or anatomical basis, the relationship, pin logenetic or other- 
wise, of bacteria to the higher forms is difficult to define, and the interrelations 
of the bacteria themselves present problems to which taxonomy has, to date, 
offered no entirely satisfactory solution. A consequence of this structural 
simplicity is the widespread use of physiological characters in the differentia- 
tion of the bacteria into genera and species, characters whose counterparts 
among the higher organisms are, in general, regarded as of but minor taxo- 
nomic importance As has been pointed out previously, differences that arc 
quite possibly trivial biologically arc often of great practical importance and 
hence hate come to assume a taxonomic significance that may often be en- 
tirely undeserved. In other cases the biological importance of a given charac- 
teristic or group of characteristics is unknown, and the inability to assess the 
significance of characters proposed as differentials has led to disagreement 
among bacteriologists. 

Such a situation clearly does not lend itself to order and system nor, and 
perhaps most important of all, does it allow the development of a classification 
which is based upon characters of fundamental significance and which shows 
the biological or genetic relationship of these organisms to one another The 
practical consequences arc two there is no classification of bacteria which is 
generally accepted in more than us primary subdivisions, and, second, the 
bases upon which various groups of bacteria arc classified differ widely, as will 
appear, from one group of organisms to another. It should be emphasized, 
therefore, that bacterial "species** arc by no means analogous to the species of 
the zoologist or botanist and cannot lie compared directly to them. 

The phenomenon of bacterial variation, discussed in the previous chapter, is 
clearly of no small importance in the classification of these organisms. From 
the general biological point of view there is hut little solid ground upon which 
a sound t ixnnomic structure can be built. In the practical identification of 
bacteria, however, such variations arc not a source of great embarrassment. As 
has I icon pointed out. the majority of bacterial variations arise as a consequence 
of alterations in the environment and. in a working sense, may lx- regarded 
as adaptations. The observed uniformity of the morphology and biochemical 
properties of tlu* bacterial culture is duetto the fact that observations of these 
characters arc always made in the same wav It is onlv when the procedure 
•> varied, cither in terms of the past histnrv of the bacterial culture or in the 
191 
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antibodies in the maternal blood must pass in order to reach the fcetal circulation ; 
or that the route was necessarily via the placental vessels. Hartley’s (1918) 
experiments with pregnant guinea-pigs passively immunized by diphtheria anti- 
toxins prepared in different animals and refined by different methods indicate that 
uterine transmission is selective , homologous guinea-pig antitoxin passes to the 
foetus far more readily than the heterologous horse antitoxin, and salt-prccipitated 
antibody globulins pass more readily than those altered and refined by peptic 
digestion (see Chapter 7). 

Brambell and lus colleagues (1948, 1949, 1950, 1951, 1952, 1953) record a similar selec- 
tivity in the pregnant rabbit, where the passage of horse and bovine agglutinin and anti- 
toxin is much leas than that of the corresponding antibodies prepared in the rabbit. In 
this animal they also found little evidence of placental transmission. After the establish- 
ment of the allanto-chononic placenta, in the 15-day erobiyo, maternal antibodies reached 
the foetus via the uterine cavity, passing through the entoderm of the yolk sac splanch- 
nopleure into the vitelline circulation, whose integrity was proved to be essential by the 
interruption of transmission when the vitelline vessels were ligated. In man, however 
the alianto-chononic placenta appears to he the probable route of uterine transmission. 
They regard the vitelline route m the rabbit as analogous to adsorption of colostral antibody 
from the gut of new-born animals, since the yolk sac is morphologically an extension of 
the gut. They also record that antibody in the anmiotic fluid, though it accumulates in 
tho fcetal stomach, does not reach the foetal circulation by this route. 


TABLE 76 

Tjte Relative Importance of the Uterine and Mammary Bootes in the Passive Trans- 
mission of Antibodies from Mother to Offspring. (After Mason, Dalling and Gordon.) 


Species 

Layers of Tissue 
between Maternal 
and Fo»tal 
Circulation 

Importance of 
{/ferine 

importance of 


Transmission 

by Colostrum. 

r-g 

6 

_ 

+ + + 

Ruminants ... 

4 

— 

+ + + 

Carnivores .... 

2 

± 

+ 

Rodents, apes, man . 

1 

+4 + 

± 


In man, antibody is present m the colostrum, though usually in small amounts, unless 
tlie blood antibody levels are high. Immediately after delivery, for example, the diph- 
theria antitoxin content of the colostrum may be as high as one-third that in the blood, 
but it drops steeply during the first days of lactation. Some transmission via the colostrum 
appears to take place (Sugg 1935, Magara 1936) ; though Schubert and Grunberg (1949J, 
who recorded in human colostrum significantly higher typhoid agglutinins than in the 
blood, found that none of this antibody was absorbed by the babies at breast. In sheep 
immunized with diphtheria toxoid, mean concentrations in the colostrum at parturition 
as high as 7 8 times those in the serum are recorded , the concentration, however, drops 
rapidly within a day to that in the serum, as a result of suckling the lambs (Barr el al. 
1953). Mice differ from other rodents in the table in that tho mammary route appears 
in some cases to be more important than the placental. Thus, a higher degree of milk 
transmission of antibodies was demonstrated experimentally in mice infected with herpes 
virus (Berry and Slavin 1943) and with Trypanosoma duMont (Culbertson J940); and, 
m mice infected with Coxsachie virus, the passive transfer of maternal antibody appears 
to be solely colostral (Melnick et al 1950). In mares with high-titre tetanus antitoxin, 
Lemetaycr and his colleagues (1947) found some uterine transmission, though mammary 
transmission predominated. 
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way in which the test is conducted, that variability becomes apparent and the 
illusory nature of the supposed constancy of these organisms is demonstrated. 

The question of whether bacteria should be regarded as members of the 
plant or animal kingdoms is no longer considered of great importance. Possess- 
ing characteristics of both, these organisms may be regarded as a connecting 
link between the plants and animals. Using the term bacteria in its broad 
sense, the microorganisms included under this head make up a continuous 
series of types which appear to connect the two kingdoms. The so-called 
higher bacteria, the sheathed, filamentous forms, are closely akin to the fungi, 
bacteria such as the tubercle bacillus and the diphtheria bacillus appear to be 
further removed from the plants but show some fungoid characters, such as 
tendencies to branching and filament formation. Among the well-known 
forms such as the streptococci, staphylococci, sporulating rods and gram-nega- 
tive intestinal forms, the morphological relations to the fungi are less apparent, 
organs of locomotion appear, and with the spiral forms the bacteria merge into 
the protozoa. Physiological characters and the evidence of chemical composi- 
tion of the cells tend to reinforce this intermediate position. The metabolism 
of these organisms is chcmosynthetic, an animal-like character, but the ability 
to utiVtze ammonium salts as a source of nitrogen suggests a plant type of physi- 
ology, nucleic acids found only in plant cells or only in animal cells have all been 
found in the bacteria. It was proposed many years ago that a third kingdom be 
created for these organisms, the Protista, but since the dividing lines between 
such a third group and the plants on the one hand and the animals on the other 
are as vague as that between the plants and animals, the proposed new kingdom 
would solve no difficulties and has never been accepted. It is generally agreed, 
however, that the sum total of bacterial characters allies them more closely to 
the plants than to the animals, and they are classified with the plants as 
Schizomycetes or fission fungi (German Spaltpilzen). The relationship of 
the Schizomycetes to other plants may be indicated as follows: 

Phylum I. Thallophyta, plants without distinction of root, stem and branch 
Subphylum ] — the algae 

Subphylum 2— the fungi — thallophytes lacking chlorophyll 
Class I. Schizomycetes — the bacteria 
Class II. Myxomycetes — the slime molds 
Class III. Phycomycetes — the algae-like fungi 
Class IV. Ascomycetes — the fungi forming ascospores 
Class V. Basuiiomycetes — the fungi forming basidiospores 
Phylum II. Bryophyta-^thc mosses 
Phylum III. Ptertdophyta — the ferns 
Phylum IV. Spemiatophyla — the seed-bearing plants 

Although the interrelationships of the organisms included under Schizo- 
mycetes present problems which are, in many essentials, new to the taxonomist, 
certain ‘natural’' groups are apparent. Of these the most obvious is that base 
on morphology, with primary division into spherical, rod -shaped, spiral an 
filamentous forms, and subdivision on tbe basis of spore formation, presence 
and location of flagella, and staining reactions to the gram and arid-fast stains. 
The earlier classifications, the better known of which are those of Aligu a 
and of Lehmann and Neumann, were made on this basis. These classifications 
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age is entirely due to natural active immunization resulting from the reception 
from without of specific stimuli in the shape of clinical or subclinical infections ? 
This hypothesis has certainly not been placed beyond dispute. It has indeed been 
vigorously disputed, particularly by Hirszfeld (1926) and his colleagues. 

Hirszfeld believes that all the normal antibodieB should be regarded as “ biochemical 
organs,” with which the individual is endowed as the result of his evolutionaiy history. 
These '* biochemical organs ” ripen, or come to maturity, at different periods in his own 
individual development ; just as the various organa and tissues of the body come to full 
maturity at different ages. As we speak of a “ morphogenesis ” through which each 
individual passes, so we Bhould think of a “ serogenesis ” which forms an integral part of 
normal development. The time at which any particular antibody normally makes its 
appearance may be regarded as the period of “ immunological crisis ” for that particular 
antibody, and marks tho establishment of a “ biochemical reflex ” on which the production 
of that antibody depends. Until the biochemical reflex has become established attempts 
at immunization with tho particular antigen concerned will have little effect. Hirszfeld 
does not deny that specific, or non-specific, stimuli from without may play some part 
in accelerating the production of particular antibodies, or in increasing their concentration; 
but he would relegate BUch influences to a very secondary place. He would not regard 
the presenco in the blood stream of antibodies acting on a particular bacterium as valid 
evidence of past or present infection with the bacterium in question. Above all, he would 
not accept the view that the antibody-forming apparatus is a tabula rasa, on which environ- 
mental Btimuli can write at will. It is a complex mechanism with its possible activities 
fixed and ordered by the pbylogeny of each animal species ; and it will therefore respond 
to the appropriate stimuli and to no others. 

It will be simpler to discuss the more general aspects of Hirszfeld's views when we 
have dealt with the origin of antibacterial sensitizers, and to confine our immediate attention 
to antitoxic immunity, noting in passing that the problem is in no sense a purely academic 
one but has important bearings on many problems of diagnosis and prevention. 

Perhaps the most significant data, supporting Hirszfeld’s contention, are to be found 
in observations (Hirszfeld, Hirszfeld and Brokman 1924, Hirszfeld and Hirszfeld 1927) 
which suggest a linkage between the inheritance of the power to produce antitoxin and t be 
power to produce the iso-agglutinins which determine the human blood-groups (see p. 1236)- 
From these records Hirszfeld draws the following conclusions. When both parents aro 
Schick-negative the children will be Schick-negative, except during the first few years of life- 
When both parents are Schick-positive the children will he Schick-positive, and will remain 
so throughout life. When one parent is Schick-negative end the other Schick-positive the 
children who belong to the same blood-group as the Schick-negative parent tend to be 
Schick-negative, those who belong to the same blood-group as the Schick-positive parent 
tend to he Schick-positive (see also Tamaki et al. 1930). The validity of these observations 
has, however, been questioned by Rosling (1928), who examined 50 children over on e 
year of ago whose parents belonged to different blood-groups and reacted differently to 
the Schick test. He found that 23 children gave the same Schick reaction as the parent 
to whoso blood-group they belonged, while 27 reacted differently. 

A negative is notoriously difficult to prove ; and we cannot assert that no child 
has ever developed diphtheria antitoxin except in response to the specific stimulus 
provided by diphtheria toxin. We can, however, study the frequency of negative 
and positive Schick reactors in different samples of the population, and correlate 
our findings with the history of exposure to infection, so far as such a history 13 
obtainable. If w e find that free or frequent exposure to infection is consistently 
associated with a high percentage of negative reactors, and that population group* 
relatively free from any risk of infection show a notably low percentage of negative 
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exerted a strong influence on bacterial taxonomj’ and resulted in the naming 
of a great many species of bacteria, many of which persist in current classi- 
fications. 

Morphology is, however, not a sufficient basis for the separation of bacterial 
species, for many morphologically similar organisms may be quite different in 
other respects. Physiological differences, generally readily determinable in the 
laboratory, have been widely used. In fact, one of the early classifications, 
that of Orla-Jensen, depended upon nutritional differences for the primary sub- 
division into three main groups: 

1. The autotrophic bacteria which, like the green plants, require neither organic carbon 
nor organic nitrogen compounds 

2. Bacteria which require organic carbon compounds but can dispense with organic 
nitrogen, using ammonium salts or other inorganic compounds of nitrogen 

3. Bacteria which, like the higher animals, require both organic carbon and organic 
nitrogen compounds 

A number of workers, especially Kluyver and van Nicl,* are of the opinion 
that comparative physiology should constitute the primary basis of separation, 
rather than being subordinate to morphology. 

Beyond such primary subdivisions, classification becomes increasingly dif- 
ficult and it is quite clear that this is so because not nearly enough is known 
of the phylogenetic relationships of the bacteria to one another for a detailed 
classification with definition of genera and species This question has been 
discussed in some detail by van Nicl 2 who shows that as yet any classification 
can be little more than a key and species only “form’’ species, that is to say, 
no more than convenient handles. 

Bacterial classification has evolved through some sixty odd schemes to per- 
haps half a dozen current today. 3 The criteria made use of are, in the order 
of approximate fineness of distinction made: 

(1) morphology — both gross and microscopic, 

(2) physiology — biochemical properties, 

(3) pathogenicity-— of the disease producing bacteria, 

(4) immunology — the antigenic structure of the bacterial cell. 

Of the current classifications that of the Rcrgcy Manual' is by far the most 
detailed and is the only one that need he considered here. It developed from 
the earlier classification of Chester and the work of a committee of the Society 
of American Bacteriologists, hut is not, as is sometimes supposed, the official 
expression of the views of the Society. The Bcrgey classification lias gainer! 
ascendancy in this country in recent years, though it is seldom used outside 
the United States. 

An abridged outline of the Bcrgey (1948) classification is given in the 
accompanying diagrammatic form. It differs from the Bcrgey system in that 
the genus Staphylococcus is retained, and the tribe Ilcmophilac is not broken 

* Kluwcr and van Nich Ccntralbl. f. Balt., Abt. II, 1936, 94 369. 

•van Nirl* Symp. Quant Biol , 1946, 11*285. 
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12 years of age. Antitoxin was demonstrated in some of the negative reactors. Yet 
diphtheria is said to be unknown among the Eskimos. 

Kleine and Kro6 {1930) tested 101 East African natives by the Schick reaction ; 95 of 
these were children between the ages of 6 and 15, the remaining 6 were adults. In no 
case was a positive reaction obtained. The toxin employed was subsequently retested 
and found to have lost none of its activity. Specimens of serum were obtained from 
1 1 of the natives and tested for antitoxin ; 10 of these contained antitoxin in considerable 
amount (0 05 A.U. to more than 1 A.U. per ml.). It is clear therefore that the East African 
native frequently forms diphtheria antitoxin early in life ; yet, according to Kleine and 
Kro6, this population is not, so far as is known, exposed to infection with diphtheria. (See 
also Parr and Avery 1926-27, Parr, Goodale and Kirschner 1930.) 

Grassetand his colleagues (1933) record a high frequency of natural diphtheria immunity 
among the Bantu of South Africa, as judged both by Schick tests and antitoxin titrations. 
They note, however, the occurrence of diphtheria among the populations concerned, and 
adopt without question the view that the antitoxin has been produced in response to 
infection. Murray (1943) provides more definite evidence. Among the Johannesburg 
Bantu clinical diphtheria was rare, but, as Grasset found in his series, the Schick-positive 
rate was low. In rural school children it was 8 0 per cent, and in urban children 13 7 per 
cent. The corresponding carrier rates of virulent diphtheria bacilli were 1*8 per cent, 
in the urban, and 3 2 per cent, in the rural ; and though the Schick-positive and the 
carrier rates did not vary together, immunization was associated with the presence of 
carriers among the children. It is noteworthy that thcro was little clinical diphtheria 
among these Bantu children, as compared with white children in the same district, among 
whom a similar carrier rate was associated only with an epidemic of diphtheria ; no bacilli 
were found In their throats in non-epidemic periods. Murray (1942) concludes that environ- 
mental conditions were in part responsible for the high level of antitoxic immunity of 
the Bantu, and that the absence of clinical diphtheria in spite of the relatively high carrier 
rate was due to an ability, perhaps racially determined, to produce antitoxin quickly 
in response to the specific antigenic stimulus. 

In only a few other instances do such surveys include a record of the carrier rate of diph- 
theria bacilli, or of haemolytic streptococci, among the population concerned. Wells (1933), 
records a study of the Schick reactions of central and polar Eskimos, in which a proportion 
of tests were confirmed by antitoxin titrations, and throat swabs were obtained from all 
persons examined. He reports the frequent presence of bacilli morphologically resembling 
C. diphtheric?, and states that four strains gave the typical fermentation reactions, and one 
strain showed some degree of virulence. These findings clearly tend to throw doubt 
on the significance of the observations recorded by Heinbecker and Irvine- Jones (1928), 
but it can hardly be said that the presence of toxigenic diphtheria bacilli was established 
with certainty. 

A study by Asbelew and Margo ( 1932) of the Schick and Dick reactions of 103 of the 250 
inhabitants of the Arctic island of Kolgujew is very difficult to reconcile with the Durchsev* 
chung hypothesis — the view that antitoxin is produced only or mainly as the result of 
infection. With the exception of one girl of 8 years all persons examined were Schick- 
negative, and with the exception of one doubtful case all were Dick-negative. The antitoxin 
content of the blood was unfortunately not determined. Diphtheria and scarlet fever ba 
never been reported on the island. Swabs were obtained from the throats of 168 persons, 
and from the noses of 93. No diphtheria bacilli were isolated, and haemolytic streptococci 
were found in only four swabs. . 

There i9 great need of further studies in which full bacteriological and immunologies 
tests are carried out on isolated or semi-isolated populations. 

Although they are not complete, in this particular sense, the observations of Dungal (19 -) 
on diphtheria in Reykjavik are parti cularly instructive. From 1926 onwards diphtheria as 
been very rare, not only in Reykjavik but in Iceland as a whole ; but in the preceding years 
there was a moderate prevalence, reaching its peak in Reykjavik in 1921 with an attac 
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Family Tnbc 


N itlobactcraccac 


Nitroliactericac 

I lydrogcnomonadc.ic , , 

[Thiobaeilleae . 


i I'scudomonadaccac 


i’scudornorudcac 


1 Spfriffeac ... . 


, Azotobactcraceac 
iRhizob.iceac . 


Micrococcaccac. 

NcHscraccae 


1 I-actobactllaceae 


Eubactcriales (suborder 
Eubactcrjneae) 


Corynebactcraccac 


btreplococcejc 

Lactobacitleae 


I Achromobacteracc.ie 


E n teroba c t e raceac 


I’a rvobact e raceae 

Batteriaicac 

RaciHaceac 


Eschcricheac. 

Erwineac. 

Serrateae 

Froteae 

Salmonelleae 

1’asteureKeae 

Brucdleae 

Bacteroidcae 

Hemophileac 


Actinomycetales 

Chlamydobacteriales 

JVIj'Xobactenales 

Splrochactales . 


Actinomycetaccae 

bpirochaetacead 
Trepo nemataceae 
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experimental evidence is, of necessity, scanty ; but so far as it goes it is demon- 
strative. 

Guthrie, Marshall and Moss (1921) collected 8 volunteers and determined their reaction 
to the Schick test ; 4 reacted positively and 4 negatively (including 2 pseudo-reactions). 
The throat of each of these 8 volunteers was swabbed with a virulent culture of the diph- 
theria bacillus. The four positive reactors developed clinical diphtheria ; the 4 negative 
reactors, possessing natural antitoxin at or above the Schick-immune level, developed no 
illness, though 3 of them became carriers. 

The main body of evidence on which we rely in concluding that natural antitoxin 
confers natural immunity has, however, been collected during the course of ex- 
tensive clinical and epidemiological studies on diphtheria and scarlet fever (see 
Chapters 61 and 66). There is no doubt that a person whose blood contains 
antitoxin at or above the Schick-immunity level is far less likely to contract diph- 
theria than a Schick-positive person. If he docs so, the attack will often be mild 
and will seldom prove fatal. The nature of the evidence that associates natural 
antitoxic immunity with effective) resistance to scarlatinal infection is of the same 
general kind as in the case of diphtheria. 

The Natural Antibacterial Antibodies 

It has long been known that there are naturally occurring agglutinins, bacteri- 
cidins and other sensitizing antibodies, just as there are naturally occurring anti- 
toxins ; but the ground that has been surveyed in the two cases is rather different. 
We have seen that our knowledge of the distribution and mode of origin of the 
natural antitoxins is, in the main, derived from the study of diphtheria and scarlet 
fever in man. Our knowledge of the distribution and mode of origin of the anti- 
bacterial sensitizers is, in the main, derived from studies on their occurrence in 
different species of animals. 

One of the earliest studies made was by Burgi (1907), who tested sera from the dog, 
guinea-pig, rabbit, goose, hen, sheep, goat, horse, ox and man against suspensions of 
various bacteria, including V. choleroe, Salm. typhi, Bact. coli, Past, aviseptica, Staph, 
aureus and Proteus vulgaris, and noted well-marked agglutination in many instances, 
often to a relatively high titre. However, the various sera tended to have much the 
same order of activity, against w hichever species of organism they were tested ; and this 
order was in general maintained when the sera were tested for their ability to flocculate 
suspensions of mastic. 

Gibson (1930) carried out similar experiments with sera from the ox, rabbit, guinea- 
pig. horse, sheep, pig. rat, cat and man, tested against Proteus A’19, Ps. pyocyanea, Salm. 
typhi, Salm. paratyphi A, Salm. paratyphi B, Salm. enteritidia, Sh. flexneri, Sh. dysenteries, 
Protuis mor yani . Bait, friedlanderi, several strains of Bad. eoli, and T'. cholera \ He found, 
llke^Burgu that tVe sera tested tended to fall in a definite order n ith regard to their power 
of agglutinating a wide variety of bacteria. Ox sera were the most active ; pig and hone 
sera were somewhat less active; sheep serum was next in order; while human, cat, 
rabbit and guinea-pig sera, in that succession, showed progressively weaker effects. Rat 
serum was the weakest of all Similarly the different bacterial species showed a definite 
order of sensitivity to agglutination Sk. flexnen. Bad. friedlanderi and Ps. pyocyanea 
were the most sensitive, and certain strains of Bad. colt the least sensitive. By absorption 
experiments, this agglutination proved to be dependent on specific antibodies ; but since 
any one organism, in addition to removing completely the specific agglutinin acting on 
itself, might reduce the titre of the serum for other organisms, and a similar genera re- 
duction in titre might he produced by adsorption with some non-specific agent such as 
charcoal, he concluded that another non-specific serum constituent was concerned in the 
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Genus 

irTitrosomunas . 

I fs'itrosococcus. . 
iKitrobactcr . 
Hydrogenomonas 
Thiobactllus . 
l'seudomonas 
Methanomonas 
\cetobacter 

Cells ibrio. 
Thioxptra 
1 5 pinlfum 
Arotobacter 
rKhizoluuRi' 

I A probacterium 
1 Thromobacterium 
[staphj lococrui 
I Galfl) a 
I Tirana 
[Neisseria 
I VeitloneUa 
[TTiplococcus . 

I Streptococcus 

ll-euconostoc 

[Lactobacillus 

iMicrobactenum 

I Pr opiombactcrium 

[torynebicterium 

| Listens 

ll-rysipclothnx. . . . 
["Xlcaligencs 

I Achromobaetrr 

I I lavobactcnum 
JTTschenchia 

I Aerobacter 
I Klebsiella. . . 
KrwinJa 
Serratia 


. .Proteus 
["salmonella 
I Shigella 
JTastrurrlla 
I WaJJrnmjcrs 
I Vtinobacillm 
Brucella 
Bactrmides 
Hemo] dolus 


Bactrnum 

nTaallus 

[tlostndmm 


I Nucardia 
| Ac timinmes 


Hient 

Is: 


JT-irtrlu 

iTfri'mrru 

h_* T*‘ w f r» 


| the nitrify ing bactena (p. 7$) 


the h) drogen bacteria (p. S3) 
certain of the sulfur bactena (p 80) 

Ps. n) ocj ancus et al (p. 529) 
methane bactena 
acetic acid bacteria 

cholera, paracholera and non-cholera vibrios (p 478) 
cellulose oxidizing vibnos (p. 86) 

•ulfur vibnos 

Sp. minus (rat-bite feser) and saprophytic species (p. 752) 
non-symbiotic nitrogen-fixing bacteria (p 111) 
symbiotic nitrogen-fixing bacteria (p 113) 
plant pathogens and saprophj tes 
certain pigmented saprophj tic bactena 
.the staphylococci (p 346) 

M. tetragenus and related bacteria (p. 354) 

S- lulca and other cocci 


gonococcus, meningococcus, etc. (p. 395) 
certain anaerobic cocci (p 413) 
pneumococcus and related forms (p 381) 
the streptococci (p 355) 
saprophytic cocci 

| lactic add bactena (p. 531) 
propionic acid bacteria (p. 537) 
diphtheria and diphtheroid bacilli (p 606) 

L. monocjtogencs (p. 538) 

bactcnumof erywpdoid and same erjsiiiclAs fp 673) 
Ale fccalis and related forms (p 463) 
non pigmented soil and uatcr bactena 
pigmented soil and water bacteria 


j cohform hactrna (p 418) 

. fricdUm let's bacillus (p. 425) 


plant pathogens 
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plague ami hemorrhagic septicemia bacilli (p. 502) 
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(p 526) 

miscellaneous non sjorc forming bacil’i of uncertain status 


aerobic, store forming bacil'i such as B anthracts.il subtihs. etc (p. 556) 
obligate anaerobic, sjiore forming bacilli, irnluri nc bacilli of tetanus 
(p. 568), gaicxms gangrene (p. 575) and Imtulinus lianKus (p 591) 
arfobic. aometimes aod fast actinomj retes (p J91) 
anaerobic aitmomjces of actinomycoiii (ji 659) 

filamentous saprophytic bacteria. Including sheathed iron lacteria fn. 82) 
slime forming aajicophjtic bacteria basing a 2amx.ini stage 

lijieophjtic water forms 


paravie of mollu«ci 


relapscng fever sjsruchetes (ji 727) 

•pirmhrtess f sytihibs (p. 7JJ) and > a»s <ji 741) 

belr* ol ir.fntuus J»-in.li«e ami tiel 1 fesrr (js 716 ) 
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only to a few. The specificity of the flagellar agglutinins in normal sera seems to 
have been clearly established, and the evidence is definitely in favour of the speci- 
ficity of some, at least, of the agglutinins acting on the antigens at the surface of 
the bacterial cells. These agglutinins, flagellar and somatic, are, it should be noted, 
usually present in low titre only (1/5-1/40 or thereabouts). The evidence with 
regard to the specificity of the bactericidal antibodies is more conflicting; but 
results indicating specificity have been recorded, and if somatic agglutinins are 
present we should expect them to exert a bactericidal action in the presence of 
complement. (For examples of natural antiviral antibodies, see Chapter 87.) 

The conclusion that the natural antibacterial sensitizers are specific does not, 
of course, imply any particular hypothesis as to their mode of origin ; it assumes 
only that they unite with certain bacteria because of a physico-chemical corre- 
spondence of certain specific combining groups. Moreover, even though an anti- 
body results from an external antigenic stimulus, it may have been foimed in 
response to antigens of an entirely different origin from those in the bacterial 
suspension U3cd to detect it. 

We need not, however, assume that all specific natural antibodies are induced 
by active immunization A “ natural ” antibody and an “ immune ” antibody, 
both acting oil the same bacterium, must each possess chemical groupings with 
a specific affinity for groupings borne by the bacterium ; but, if the natural anti- 
body has arisen in some way other than in response to infection with the actual 
bacterium concerned, it is quite possible that the chemical correspondence between 
its active groupings and those on the bacterial surface will be Jess close than in the 
case of an antibody produced in response to infection or artificial immunization. 
Certain experimental findings are consistent with such a possibility. It is, for 
instance, a very general experience that some, at least, of the “ natural ” antibodies 
require, for their removal from a serum, an absorbing dose of bacteria very much 
larger than that required for the removal of the same amount of an “ immune 
antibody. 

If we adopted this view we should expect that the antibacterial antibodies 
demonstrable in any random sample of a human or animal population would be of 
two kinds, those arising as the result (a) of contact, whether infective or not, of the 
tissues with the bacterium on which they act, or with other, though related, anti- 
genic material, and (b) those arising m some other way. This brings us directly 
to the question of their origin under natural conditions. 

Some Examples of Natural Agglutinins. 

It is, of course, well established that certain kinds of " natural antibodies ’ are 
produced in the absence of any environmental stimulus, and in accordance with 
definite genetic laws. 

The best example is provided by the isohsemagglutinins that divide mankind 
into different blood-groups. 

Landsteiner (1001) distinguished the principal blood-groups into which the human 
race may be divided, and showed that this grouping depends, in the main, on the is 
tribution of two different antigenic constituents, which may be present together, or 
separately, or may both be absent. There are two corresponding antibodies, and these 
are bo distributed that neither antibody is present in the blood of an individual whose 
red cells contain the corresponding antigen. By determining the antigens present in any 
of blood it is therefore possible to assign it to its correct group. The antigen* 
are referred to by a capital letter, the antibodies by Greek letters, and the blood-group 
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down into genera other than Hemophilus. These and minor variations which 
appear later have been retained to keep the nomenclature from differing 
too widely from practice in other than current American literature. For exam- 
ple, the name Vibrio comma for the cholera vibrio is not used outside the 
Bergcy classification; over 98 per cent of the papers published on this bacterium 
in the past 20 years are not American, and consistently use the name Vibrio 
cholcrae. Abridged keys for the differentiation of the better known species of 
bacteria are included in subsequent chapters. 

Nomenclature. 5 Throughout the development of bacteriology names have 
been given these organisms in a haphazard fashion and often with singular 
disregard for the conventions of botanical nomenclature. In general, however, 
a bacterium has a generic name, always written with a capital letter, which 
may or may not be descriptive (for example, Bacillus— a small rod; or Pas- 
teurella— in honor of Pasteur) and a specific name which may be an adjective 
(fllbus— white) or a noun indicating possession ( Clostridium ivelchii— Welch's 
clostridium) or a noun in apposition ( Bacillus radicicola—t he root-dweller 
bacillus). The practice of indicating the author of the name, as in Bacillus 
subtilis Cohn, is not as common in bacteriology as in zoology or botany. The 
use of trinomial and quadrinomial names such as Granulobacilltis sacchnro- 
btityrictts mobilis nonliqucfaciens is obviously highly undesirable. Trinomials 
are occasionally useful in the designation of varieties of subspecies. Common 
names are, of course, used; terms such as Friedlander’s bacillus, the typhoid 
bacillus, etc., are frequently encountered. 

Genera . Perhaps one of the greatest difficulties the bacterial taxonomist 
labors under is the paucity of genera. The question of what degree of differ- 
ence shall be judged sufficient to establish new genera is one to which there is 
as yet no satisfactory answer. At the present time considerable confusion and 
lack of uniformity still exist. In a number of instances new generic names 
have obtained wide currency among bacteriologists in many parts of the world, 
partly, doubtless, because they are applied to fairly distinct groups of micro- 
organisms and have genuine classificatory value. Such are Brucella (for the ba- 
cilli of undulant fever of man and contagious abortion of cattle), Salmonella 
(for the paratyphoid bacilli) and Pasteurella (the bacilli of hemorrhagic sep- 
ticemia in domestic animals and the bacilli of plague and tularemia); the 
name Shigella for the dysentery bacilli has gained a considerable degree of 
recognition. Without any formal international agreement, these names can be 
said to have won international standing. 

In a number of instances it seems necessary to mention both old and new 
names whenever a microorganism is referred to. Few bacteriologists venture to 
use the name Serratia marcescens without explaining that they mean Bac- 
terium prodigiostuu or Bacillus prodigiosus, or Gaffkya tetragenus without 
the equivalent Micrococcus tetragenus. Similarly the adherence of bacteno 
ogists to various taxonomic schemes gives rise to a series of names for a micro 
organism, the familiar typhoid bacillus may be Bacterium typhosim, Bact tts 
typhosus. Salmonella ty phi, E berthella typhosa or Salmonella typhosa. 

For the present the bacteriologist seems to have no escape from using a 

5 Rules of nomenclature, proposed but not officially adopted, are discussed by Buchanan, 
St. John-Brooks and Breed Jour. Bact., 1948, 55:287. 



1238 


THE NATURAL ANTIBODIES 


British and white American people, about 85 per cent, of the population are Rh-positive, 
the remainder Rh*negative. The Rh-positivc persons, are in fact those who, among the 
8 sub-types of the Rh system, possess the D antigen. When an Rh-negative woman mates 
with an Rh-positive man, the foetal erythrocytes may be Rh-positive, and in a certain 
number of cases, depending perhaps on the condition of the placenta, the Rh antigens 
of the foetus are transferred to the mother, and induce the formation of Rh-agglutinins. 
Towards the end of pregnancy, these agglutinins appear in the circulation of the fcetus, 
and, uniting with the fcetal erythrocytes, sensitize them to lysis, in a manner analogous 
to the sensitization, let us say, of Group A cells transfused into a Group B person with 
natural a agglutinins in his serum. The resulting destruction of the red cells may lead to 
the death of the foetus and abortion, or the birth of an infant with the syndrome known 
as erythroblastosis Retails (Levine, Burnham, Katzin and Vogel 1941). Certain other of 
the Rh antigens, but not all of them, are capable of inducing hsemolytic disease. We have 
in this disease a clear-cut example of uterine transference of fcetal antigen to the mother, 
and then of maternal antibody to the foetus. The Rh antibody may also be transmitted 
by the colostrum. There is clearly a difference between the action of maternal Rh- 
agglutinins and the maternal a and ft agglutinins, for it is only rarely that serious blood 
destruction occurs in infants of the A, B, or AB groups whose mother’s blood contains 
agglutinins for A, B or AB cells We may postulate a selective transmission of Rh, but 
not a or ft agglutinins ; or that the infants are insusceptible to a and ft agglutinins (see, e g , 
Tovcy 1945) ; or the agglutinins are more quickly eliminated from the infant’s circulation 
(Wiener 1951a) It has been suggested that the cells of the infant are protected from 
a and ft agglutinins of the mother by water-soluble Group A or B substances which are present 
in the tissues and body fluids of the infant, and which unite w ith any maternal agglutinins 
that reach the fcetus. Group A and B cells are characterized by viscous mucopolysac- 
charides (see the next section), which occur in a water-soluble form in the tissues and body 
fluids of most persons of the corresponding blood-group — e.g., in the saliva, gastric juice 
and in the secretion of pseudomucinous ovarian cysts. Their presence in the body is 
determined genetically by an independent “ secretor ” gene, S. The Rh substance, on 
the other hand, is confined largely to the erythrocytes (Levine and Katzin 1941, Wiener 
and Forcr 1941) and. being absent from the tissue fluids, is not available for the neutraliza- 
tion of maternal Rh-agglutinins. (For a full discussion, see Levine 1943 ) The validity 
of this explanation is not yet established. 

Apart from the direct hazard of transfusion with cells for which the recipient’s serum 
may contain natural isohsema gghitinin, there is t)ie less direct but equally rraJ hazard of 
transfusion reactions in persons whose serum, as a result of previous transfusion, or, in 
women, of pregnancj- with a fcetus of a different blood -group, contains hremolysins for 
the donor’s cells. As with haemolytic disease, these reactions are commonly due to Rh 
agglutinins, nnd to antibodies for antigens of the systems known ns Kell, Duffy and Kidd ; 
though on rare occasions other antigens are responsible. 

The hacmagglutinms so induced usually differ from iso-agglutinins in reaching higher 
titres, which tend to decline when the stimulus ceases ; in reacting with R.B.C. better 
at 37° C. than at room temperature ; and in a greater heat resistance. Moreover, though 
they may be detectable by the orthodox agglutination technique in 0 85 per cent, 
bahne, they are commonly present as inapparent agglutinins, requiring special techniques 
for their demonstration (see Chapter 7). They also appear to pass readily from mother 
to fcetus, and are important in hfcmolytic disease. The titre of a- and /1-iso-agglutinins, 
on the other hand, is low nnd tends to be constant. The antibodies are most active at 
room temperature, and are relatively heat-labile ; they are not important in lucniol) tic 
disease. The distinction is not always clear cut, but it is sufficiently striking to lend colour 
to the view that the “ natural ” lucinngglutimns are produced differently from “ immune 
1 hemagglutinins ; and arc the result of “ serogenesis ”. On the other hand, their appearance 
after birth, and the widespread occurrence in nature — in the saliva of secretors, in ot icr 
mammals and mammalian foodstuffs, in plants and microbes (see next section) — of antigens 
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double set of generic names for certain organisms, or from using the older, 
albeit nomcnclatorially unjustifiable, names for others, while welcoming cer- 
tain new and useful generic designations such as Brucella and Salmonella. 
Uniformity, consistency and strict adherence to the rules of biological nomcn- 
clatorial practice are perhaps in the future. 

Species. The differentiation of species is made for the most part on a physio- 
logical basis. A single character is hardly sufficient, particularly in view of the 
facility with which variation occurs. The use of a number of such charac- 
ters is the rule, but difficulties are frequently encountered when intermediate 
forms occur. For example, Bad. coh and Bad. aerogcncs arc almost universally 
regarded as different species and in the Bcrgey classification are put into dif- 
ferent genera, Escherichia and Aerobactcr respectively. Yet forms intermediate 
between the two are so commonly encountered that it sometimes seems a 
doubtful procedure to attempt to separate these so-called cohform bacteria. 

Types. Immunological differentiation is generally regarded as not of species 
status though it may sometimes coincide with species differentiation on a 
physiological basis. Conversely, minor cross reactions between species are not 
indicative of species identity. There arc some exceptions to the former, how- 
ever, and many workers divide the genus Salmonella into species on the basis 
of antigenic structure. Immunological differences arc of very considerable 
value, particularly for epidemiological purposes, and arc usually the basis of 
distinction of types within a species. Thus the streptococci are divided into 
groups, designated A, B, C, etc., on the basis of one kind of antigen, and into 
arabic numbered types within and across species by another. The pneumo- 
cocci arc similarly divided into numbered types on the basis of capsular anti- 
gen. Cfostndiimi hotulinum is separated into types, A, B, C, etc., on the basis 
of the immunological specificity of the toxin, and these have no relation to the 
immunological character of the cell substance. There is, then, no general 
practice with respect to type differentiation. Physiological differences within 
species arc usually not used to differentiate types, and the biochemical reac- 
tion is simply given as variable. 
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stimulate the production of heterophile antibody ; and in gen eral it appea rs that those 
species that contain heterophile antigen in their red corpuscles do not contain it in their 
tissues, at least in the full and effective antigenic form. 

It soon became clear, from absorption experiments of the usual type, that the hemo- 
lysin produced by the rabbit in response to guinea-pig’s kidney was not identical with that 
produced in response to sheep’s corpuscles, which is a mixture of haemolysins, only one of 
which corresponds to the heterophile antigen. (See, e.g . , Tomcsik and Fisher 1 D46, Toracsik 
and Schwarzweiss 1948.) 

Only animals of the rabbit type — those not containing heterophile antigen in their 
tissues — are capable of producing heterophilo antibody in response to guinea-pig’s kidney 
or other suitable tissue. It is also of particular interest that certain normal antibodies 
are of the heterophile type — for instance, the natural hecmolysin for sheep’s red cells 
that is found in the scrum of rabbit and man (Friedemann 1917). In human serum, this 
reaction may depend on the a-iso-agglutimn, for, as Schiff and Adelsberger (1924a b) 
showed, there is a close antigenic relation between the heterophile antigen and the Group A 
substance. 


Tho constitution of the heterophile antigen appears to vary with the organ in 
which it is found. According to earlier workers (Iwai 1917, Georgi 1919, Taniguchi 1921) 
the specific component (hapten) is associated with lipid const ituents of the tissues, cspeci* 
ally the alcohol-soluble “ lecithin ” fraction. The heterophile antibody, in addition to 
acting as a hsemolysin for sheep cells, forms a precipitate and fixes complement when 
mixed with an emulsion of these lecithin fractions of tissues containing heterophile antigen. 
The bpid extracts arc not antigenic, but can be made so by mixing with a suitable protein, 
the resulting antisera containing both heterophile antibodies and antibodies specific for 
the protein used (Landsteiner and Simms 1923). These haptens were apparently lipopoly- 
saccharide in nature (Landsteiner and Levine 1925, 1927 ; but see also Renaux and Thomas 
1942). 

The Group A substance, which in pure form is non-nntigeme in tho rabbit (t.c., a hapten), 
lias proved to be a viscous substance made up of polysaccharide units, partly hexose, 
partly N-acetylglucosamine, and a number of amino-acids (Goebel 1938, Landsteiner and 
Ilarte 1940, 1941, Morgan and King 1943, King and Morgan 1944, Aminoff, et dl. 1950). 

Tins substance, or the mucopolysaccharides closely resembling it, is found in mammals 
other than mail— for example, in the gastric mucosa of swine, cow and horse. Substances 
cither identical with or very like the B substance, and the H substance found in Group 
O cells, are also present in the secretions of other mammals ; they have been extensively 
studied by Morgan and by Kabat, whose reviews should be consulted by those desiring 
detailed information (Kabat 1949, 1952, Morgan 1953). A remoter Instance of an antigenic 
relationship of the A, B and O substances is provided by Type XIV pneumococcus ; horse 
antisera prepared against this organism agglutinate the cells of all four major blood-groups- 
All three substances contain L-fucose, D-galactose and N-acetyl-D -glucosamine ; and the 
Type XIV pneumococcal polysaccharide contains D-galactose and D-glucosamine. Cross- 
reactivity of the blood-group substances with this antiserum is greatly increased by a 
degree of hydrolysis which destroys blood -group specificity — a procedure which removes 


the L-fucose residues (see Kabat 1952). 

t As wc have indicated in Chapter 8, a number of bacteria contain the Forssman antigen 
or substances immunologically related to it. In Sh. dysenteria, the Forssman hapten 1 9 
associated with the hpopolysaccharide moiety of the somatic antigen (Mejcr and Morgan 
1935, Meyer 1938, Morgan and Partridge 1940, Davies and Morgan 1953, Davies et 
1954). As Morgan showed, the hapten from Sh. dy.senterifs is not antigenic, but can c 
made so by reunion with the protein moiety of the antigen (see p. 303). The Group j 
substance can in the same way be made powerfully antigenic by union with this 
dysenteria: protein ; and the resulting antigen, like the complete antigen of Sh. dyienteri<e> 
stimulates the production of heterophile antibodies. This interesting demonstration 
together with that of Landsteiner and Simms (1923), suggests a means whereby heterop 1 e 
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THE RELATION OF BACTERIA TO DISEASE 


Prior to the discovery of the causal relation of bacteria to the infectious 
diseases, these afflictions were regarded as an outward manifestation of the ac- 
tivity of some metaphysical or supernatural agency. A common belief, and 
one that still persists among some primitive peoples, was that of demoniacal 
possession, the invasion of the human body by the demon, taking the form of 
punishment for misdeeds or a consequence of individual failure to take ade- 
quate precautions against malignant spirits- When the advance of knowledge 
brought a larger measure of understanding of the structure and functions of the 
human body, a new and semiscientific theory of disease sprang into being 
and, although not entirely displacing the concept of demoniacal invasion, 
attained world-wide influence. The Hippocratic theory of disease, as it was 
called after its founder, the Greek physician Hippocrates, postulated four 
bodily humors, blood, phlegm, yellow bile and black bile. Health consisted 
of a proper mixture of these humors, disease an improper mixture. Although 
supplanted to a mild degree in the seventeenth century by more complex 
and mystical theories such as the homeopathy of Hahnemann, the Hippocratic 
doctrine of humors was dominant throughout the middle ages and even yet 
colors much medical thought and practice. 

Amid the vagueness and confusion of these half mystical hypotheses emerged 
the tangible and definite germ theory of disease. As already pointed out, the 
germ theory of disease is the legitimate offspring of the germ theory of fer- 
mentation, and owes its origin to the memorable investigations of Louis 
Pasteur. The belief that the infectious diseases are caused not by demons or 
improper mixtures of humors or by any spiritual dynamic derangement but by 
microscopic plants and animals is now securely established on a firm experi- 
mental foundation. 

v'Koch’s Postulates. The unequivocal proof of a suspected causal relation 
between a given bacterium and a particular disease is dependent upon the 
development of a logical chain of experimental evidence which is often for- 
malized as a series of postulates. These are commonly known as Kochs pos- 
tulates although there is no evidence that Koch himself expressed these experi- 
mental steps in terms of formal "postulates ” There are four of these* 

Cl) The bacterium must be observed in every case of the disease. 

C2) The bacterium must be isolated and grown in pure culture. 

(3) The bacterium, m pure culture, must, when inoculated into a suscepti e 
animal, give rise to the disease. 

C4) The bacterium must be observed in and recovered from the experimen 
tally diseased animal. 


198 
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specificity that proves to be based on an accidental correspondence of the surface groups 
of a mammalian serum protein with those of a substance characterizing a bacterial species— 
a correspondence apparently not induced by the stimulus of a related anligen. It illqmin- 
ates the problem of the origin of natural antibody inasmuch as it indicates the possibility 
of an “ antibody ” formation that is independent of stimulation by the kind of antigens 
we discussed in Chapter 7. It may also be independent of the mechanism of antibody 
formation discussed in Chapter 50. However, in the rabbit immunized with human scrum 
proteins Wood (1953) demonstrated the early production of Cx-reactive protein, and an 
association between its titre and that of the specific antibodies subsequently produced 
Certain insoluble adjuvants to antibody formation (see Chapter 50) also induced its appear- 
ance. The Cx-reactive protein presumably comes from tissues newly formed or newly 
responding to an external stimulus ; whether it comes from cells that later will produce 
specific antibody remains to be determined. 

Heterophile antigens and antibodies other than those of the Forssman type occur in 
animal tissues. Thus Deicher (1926) records that the injection of horse serum into man 
induces the formation of agglutinins not only for sheep erythrocj'tes, but also for those 
of the rabbit, which contain no Forssman antigen. The distinction of these agglutinins 
from Forssman antibody was confirmed by Schiff (1937) who demonstrated them in man 
following injection of rabbit serum, which also contains no Forssman antigen. There 
appeared to be two antigens concerned, one specific for rabbit erythrocytes, the other 
shared with those of the sheep, horse and ox. Grafia (1944) records similar antibodies in 
patients with hydatid cysts who have been injected with hydatid fluid. Brown (1943) 
found an additional thermolabile antigen in mouse tissues distinct from, but related to, 
the Forssman antigen. (For further information about heterophile antigens, particularly 
in relation to polysaccharide substances, see the review by Tomcsik 1945.) 

Age and Natural Antibody Production. 

Excepting those passively derived from the mother, “ normal ” hremolysins and hemag- 
glutinins are absent from the blood of new’-born infants and of other very young animals, 
and arc developed during the process of normal growth (Hirszfeld 1926, Friedbcrger, 
Bock and Furstenheim 1929). The same is apparently true of the natural antibacterial 
agglutinins (Kraus and Low 1899, Ludke 1905, Braun 1909, Gibson 1930 ; see also Wackie 
and Fmkelstein 1928, 1930) Both Ryvosch (1907) and Sherman (1919) noted that the 
normal hmmagglutinins of the fowl did not appear in the chick embryo until the twenty- 
first day, though Rywosch observed lysins of Bad. coli as early as the fourteenth day. 
In this connection it may be noted that Polk, Buddingh and Goodpasture (1938) could 
find no complement in the chick embryo. It appeared suddenly in the newly hatched 
chicken, and gradually increased with age. Observations made by Bailey (1923) add a 
point of considerable significance. He also noted the absence of hemagglutinins in the 
young chick, and their appearance during the normal process of giowth, but he also found 
that chickens failed to respond to immunization with foreign red cells until they had spon- 
taneously developed some agglutinating capacity (see also Wolfe and Bilks 1948). The 
inability of the antibody-forming apparatus to respond effectively to an antigenic stimulus 
during the earliest period of life would Bcem to be a general rule. Thus, Blum (1932) an 
others have noted the failure of young infants to produce diphtheria antitoxin in response 
to the injection of toxoid. The antibody response of young rabbits to the injection o 
bacteria, erythrocytes, or of soluble protein antigens is poor (Freund 1930). Baumgartner 
( 1934-) found that production of agglutinins to S<xlm. enteritidis given intravenously to rab its 
was not maximal until maturity was reached. The response in 50-day-old rabbits w as poor, 
and moderate at 70 days It is also noteworthy that antibody from the younger nnim® 3 
had a lesser “avidity” than that from the mature rabbit. Baumgartner (1937) a eI> 
observed a similar age difference in the response to ovalbumin, and showed that the com 
bining power of the precipitins produced increased with the age of the immunized antm a 
Although it may be generally true that the capacity of very young animals to pr uce 



Koch's Postulates 199 

Clearly, if each of these steps can he carried out, the evidence implicating the 
bacterium as the causative agent of the disease is very strong indeed. 

Although in a great many cases this chain of experimental evidence can be 
dc\ eloped, or, as sometimes said, Koch’s postulates can be fulfilled, and the 
story is in its essentials complete, m a considerable number of diseases one or 
more of these steps cannot be carried out In this connection, these experi- 
mental steps are best considered one by one. 

The first postulate may be fulfilled in practically all cases if the term "ob- 
serve” may be taken in its broad sense Bacteria, of course, can be observed in 
the literal sense, but the submtcroscopic filterable viruses cannot be seen with 
the aid of ordinary equipment. Their presence may be demonstrated, however, 
by animal inoculation, and it is not unreasonable to regard such a procedure 
as observation in a very real sense. It should be pointed out here that in the 
early days of bacteriology it was assumed that the bacterium under suspicion 
should be present only in cases of disease and not in healthy individuals. It is 
now well known that the corollary does not necessarily follow. A number of 
pathogenic bacteria, such as those causing diphtheria, typhoid fever and the 
like, may be present in a virulent form in healthy persons who show no 
clinical symptoms 

The second postulate is, in general, somewhat more difficult to satisfy, 
although in most cases a causative bacterium may be isolated and grown in 
pure culture. Perhaps the best known example of an organism that has not 
been cultivated outside th'c body of the host is the leprosy bacillus (sec, how- 
ever, p. 647), and as a consequence it cannot be said with certainty that this 
bacterium is responsible for the disease The ultramicroscopic viruses have 
not been cultivated on lifeless media and, although these agents may he shown 
to proliferate in tissue culture or in the developing chick embryo (p. 850), 
there is no positive assurance that such cultures arc “pure,” i.c., that a virus is 
but a single entity and not a mixture of two or more viruses. 

The third postulate is, in practice, probably the most difficult one to fulfill. 
The disease must he reproduced in a clinically recognizable form, a localized 
infection or a general septicemia is not sufficient although often suggestive. 
Since the most important diseases, from the anthropocentric point of view, are 
the diseases of human beings, it is necessary to find an experimental animal that 
will respond to the infection in the same or nearly the same manner as the 
human subject. A satisfactory experimental animal which complies with this 
requirement may be difficult to find, for phylogenetic relations arc not neces- 
sarily correlated with susceptibility; monkeys, chimpanzees and the like are 
not, in general, better experimental animals than rabbits, guinea pigs, etc. The 
importance or the experimental animals tn the study of an infectious disease 
is obv ions, epidemic influenza, for example, in spite of the tremendous amount 
of concerted study which followed the 19IS epidemic, was but poorly under- 
stood until it was discoverer! (1933) that the disease could be reproduced in 
the ferret. The difficulties sometimes encountered in the experimental repro- 
duction of a disease very hkelv stem in part from the adaptation of the bac- 
terium to a parasitic mode of existence in conjunction with a particular host 
species. 

*1 he fourth postulate generally offers no difficulties if the preceding three 
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This conclusion does not, however, apply to all kinds of natural antibodies 
Though the greater part of the evidence bearing on this problem has been obtained 
by studies of the kind outlined above, some of it has emerged from surveys of the 
normal antibodies present in the sera of human groups living under different 
environmental conditions. Thus Silverthorne (1936) determined the nasopharyn- 
geal carriage of meningococci in a group of human subjects, and found a high 
degree of correlation between the bactericidal capacity of the blood for meningo- 
cocci and their presence in the nasopharynx. It has sometimes been possible to 
correlate the results of such surveys with the associated epidemiological records, 
as in the studies on the distribution of diphtheria, or scarlatinal antitoxin referred 
to above (see, however, Peters 1940) ; and it has been shown quite clearly that 
the frequency of natural agglutinins for a particular bacterium, among a random 
sample of the human population living in a particular locality, is closely associated 
with the frequency of infections due to that bacterium in that locality. Examples 
are provided in the epidemiology of enteric infection (Chapter 69), of unduhint 
fever (Chapter 75), and of certain virus diseases (Chapter 87 and 88). 


A few surveys of a similar kind have been made in laboratory animals. Thus Bailey 
(1927) examined 81 rabbits taken from a stock in which cases of snuffles were occurring 
due to Pasteurella lepiseptica. This organism was isolated from the nose, or from abscesses 
in three rabbits with acute snuffles, nine with chrome snuffles, three with suppurative 
lesions, and six w ith no symptoms of infection ; all had agglutinins and complement- 
fixing antibodies in the serum. On the other hand, ten rabbits with no symptoms of in- 
fection and no detectable Past, lepiseptica in the nares had no serum antibody. Past, 
lepiseptica was instilled into the nose of five of these animals. All became symptomless 
carriers of the organism, and antibody appeared in the serum during the succeeding three 
months. 


There is then no doubt that the members of a herd, or population, submitted 
to a constant or recurrent risk of infection with a particular bacterium will tend 
to form antibodies acting on that particular organism in response to’ the stimuli 
provided by infection, whether manifest or latent ; and the natural working of 
this mechanism will certainly play a large part m determining the frequency dis- 


tribution of the antibodies concerned. 

We must then accept the view that the naturally occurring antibacterial sensi- 
tizers, and perhaps also the natural antitoxins, may owe their origin to any one 
of four mechanisms : actual infection with the corresponding bacterium ; infection 
with some other organism that shares a common antigenic component ; the 
entrance to the tissues via the intestinal tract, or possibly by other routes, o 
antigenic material capable of stimulating the production of an antibody with the 
active group m question , or the formation of such antibodies as a by-product 
in the normal functioning of the antibody-forming apparatus altogether apart from 
any specific external stimulus. 


The Immunological Significance of the Natural Antibacterial Antibodies. 

Do naturally occurring antibodies of the type considered above confer a relative 
immunity to the risk of natural infection, analogous to that conferred by t e 
natural antitoxins ? The evidence available does not allow of any but the mos 
tentative answer. So far as it goes it suggests that there is sometimes a relation 
between the presence in the blood of a particular antibacterial sensitizer an a 
relatively high resistance to the corresponding bacterium ; but that this re a ion 
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can be satisfied. Jts importance should, however, not be minimized, for the 
presence of the microorganism in the experimentally infected animal is in- 
dicative of its proliferation and invasion of the host tissues. 

fifth postulate is sometimes added to the original four, namely: the injec- 
tion of the products of a bacterium should give rise to the clinical symptoms of 
the diseasevThis postulate is applicable to those organisms which form soluble 
or exotoxms, such as the diphtheria and tetanus bacilli, but it is not of general 
significance in the incrimination of a bacterium as a cause of disease. 

As indicated above, not infrequently one or more of these postulates cannot, 
or has not, been satisfied with respect to a given disease. The question then 
arises as to whether the suspected microorganism may be held responsible for 
the disease on the basis of only partial compliance with Koch's postulates. 
There is, unfortunately, no general answer to this; each case must be consid- 
ered on its own merits. In some diseases, such as leprosy, the actual evidence 
consists in the observation of an association of a particular bacterium with a 
certain clinical syndrome and pathology. Whether the association may be in- 
terpreted in terms of causality is, of course, quite uncertain and consequently 
the etiology of leprosy is, as noted above, not definitely known. The absence 
of other possible etiologic agents may be regarded as favorable, though weak, 
ancillary evidence, and Mycobacterium leprae is generally, though tentatively, 
considered to be the cause of this disease 

In other cases indirect evidence assumes a more important position; in that 
of the virus diseases, for example, while there is no absolute assurance that a 
tissue culture represents a pure culture of virus, the homogeneity of the in- 
fective agent is rendered highly probable by facts such as the immunological 
relation existing among strains of a virus ( e.g inRuenza or poliomyelitis) 
and the relative constancy of the epidemiology and pathology of the disease. 
The inability to isolate a filterable virus in “pure culture/’ then, is not a serious 
deterrent to the implication of these agents in the causation of disease. 

The case of typhoid fever is somewhat different, for here, although the or- 
ganism may be grown m pure culture, the clinical picture of the disease cannot 
be reproduced in the laboratory animal. Indirect evidence such as the epi- 
demiology of the disease, the undoubted efficacy of immunization with killed 
suspensions of the typhoid bacillus in pure culture, etc., is so strong that the 
disease may be regarded as almost certainly caused by this microorganism, e\ en 
in the absence of the inadvertent laboratory infections of human beings which 
have supplied the missing Jink in the chain of evidence. 

It is clear, then, that while the fulfillment of Koch’s postulates is, in genera , 
essential to the proof of the bacterial etiology of a disease, in some instances in 
which a part of the necessary’ direct evidence is lacking the weight or anci a O 
evidence may be sufficient to make the postulated causal relation highly pro 
able or, occasionally, practically certain It may be noted at this point t ia 
the logical processes contained in Koch’s postulates are by no means con uv: 
to the study of infectious disease, the responsibility for a given fermentation, o 
nitrogen fixation, etc., is fixed upon a particular microorganism by essentia , 
the same logical development of experimental evidence. . 

Even though a bacterium has been shown to be pathogenic, ie.,capa e 
producing disease, the outcome of a chance contact between sue a nu 
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species are relatively suscepttble to infection with some of these Salmonella spp 
(Lovell 1931). A particularly striking example of this kind of discrepancy is 
afforded by the observation that the great majority of normal horse sera agglutinate 
the glanders bacillus to high tit re, though glanders is bacteriological ly a disease of 
equine animals (see Wilson 1934). 


SUMMARY 

(1) Antibodies of various kinds — antitoxins, agglutinins, bactericidal anti- 
bodies and so on — are frequently found in the serum of normal men and animals. 
The origin of these naturally occurring antibodies is Btill a matter in dispute ; but 
it seems possible that they may arise in several different ways. 

(2) The new-born animal, when born of a naturally immune mother, is endowed 
with a congenital passive immunity, due to the uterine transference of specific 
antibodies from the maternal blood to the foetus, or transference to the new-born 
animal by way of the colostrum during the early days of suckling. This, like other 
types of passive immunity, is of relatively short duration. 

(3) Young animals from whose blood these congenitally acquired antibodies 
have disappeared and young animals in whom they are not present at birth often 
develop antibodies with advancing years. 

(4) This production of antibodies is dependent on the activity of an antibody- 
forming apparatus that is imperfectly developed at birth, but reaches functional 
maturity at a relatively early period of life. 

(5) There is insufficient evidence to decide whether certain natural antibodies 
— like the normal hsemagglutinins and hsemolysins which distinguish one animal 
species from another, and different varieties within a species— are produced without 
any external antigenic stimulus. The genetic evidence for an exclusively intrinsic 
determination of these antibodies is suggestive, but it is not conclusive and our 
biochemical insight into the processes of such determination is negligible. On tne 
other hand, our ignorance of all but a few of the undoubtedly numerous antigentc 
hazards to which a mammal is subject makes it difficult to deny the existence of 
an external antigenic stimulus in cases where no such stimulus has been discovered. 

It remains possible that certain of the antibodies acting on bacteria or their 
products may be formed by a process of normal serogenesis, determined ultimately 
by genetic factors. 

(6) The more commonly accepted view is that these antibodies arise as the 
result of the response of the antibody-forming apparatus to external environmental 
stimuli, and that such stimuli usually consist of overt or latent infections with the 
bacterium in question. This view is particularly well established in relation to 
natural antitoxic immunity against diseases like diphtheria and scarlet feven 

(7) In the case of specific antibacterial immunity there are greater difficulties 
in accepting this hypothesis in its entirety. Samples of sera collected from a 
given animal species may contain antibodies active against a large number o 
different bacteria, and it is difficult to believe that a single animal can haie 
been infected with so many different organisms, some of which are not known o 
be natural parasites of the species to which it belongs. There are, however, go 
reasons for believing that some at least of the agglutinins or other antibodies f° un 
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organism and a prospective host is variable. The result of this contact may be 
negative with no clinically apparent departure from the normal physiological 
state regarded as health, or obvious disease of varying degree of severity ma> 
ensue. The nature of the outcome is dependent upon the interaction of two 
factors, the virulence of the organism and the resistance of the host. Both 
virulence and resistance arc vague terms which express a combined effect of a 
variety of component factors. Some of these arc known m each case, although 
the manner in which they function is generally not well understood, and 
there arc undoubtedly many more which arc unknown and possibly unsus- 
pected at the present time. 

VIRULENCE 

The precise meaning of the term virulence is difficult to define in an entirely 
satisfactor) fashion Some workers include the ability to form soluble toxins 
as a part of the virulence of a bacterium, toxigenic diphtheria bacilli, for 
example, arc said to be “virulent'' while the atoxigenic diphtheroids arc re- 
garded as “avirulcnt.” Others assume virulence to be synonymous with in* 
vasivencss, the ability of a microorganism to invade the tissues of the host. 
Under the circumstances it is perhaps best to disregard these more subtle 
distinctions and to define virulence as the ability or a bacterium to produce 
disease, thereby making virulence and pathogenicity synonymous. 

The Measurement of Virulence. By definition virulence can be meas- 
ured only in terms of the production of disease. In man it is usual!) judged 
on the basis of cose fatality rates, a highly virulent microorganism producing 
death m a large proportion of the infected persons, and one of low virulence 
only a small number of deaths. Similarly, the titration of virulence (or anv 
lethal agent such as a toxin) in the experimental animal is based on deaths, hut 
dosage, which is inversely related to virulence, can l>c varied Thus virulence 
(or toxicity) may lie defined as the dose which will produce the specified deaths 
in a specified animal 

In the earlier studies virulence was measured as the minimum lethal dose, 
defined as that amount of the substance to be tested which would just kill the 
experimental animal, and definitions of toxin units, etc., are given in terms of 
these limits (p 288). In recent )ears it has become generally apparent, how- 
ever, that an accurate measure is essentially statistical in nature. It is assumed, 
and not unreasonably that the resistance of the normal animal to the letlnl 
agent rests on a probability basis and is normally distributed, i.t\, is dcscrilxx! 
by the Gaussian frequency distribution. If this function is integrated, an S 
shaped curve is given by the plot of the integral which describes accumulated 
deaths plotted against dosage. The point of infliction is. Of course, that dose 
with which 50 per cent of the animals die. This is cal led the median lethal daw 
or LDsii dose. This dose can be calculated hv a relatively simple procedure* 
from the accumulated deaths from graded dose's extending through the 50 jvr 
cent end joint. 

For purposes of comparison between, for example, normal and treated 
animih. determ in ition of the Ll) 3 „ doves allows a relative!) precise measure 
having a stand lrd hisis \ vimcwhat less satisfacnm hut comparable pn> 

* ft ml and Mucnch Amo Jfor. IRk, I'MS, 27 49) 
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cedure is that of relative survival times. A variety of other methods of analysis 
may be used for purely comparative purposes. For example, control and experi- 
mental death rates may be tested for statistical significance by the point bi- 
nomial or fourfold table. Comparative death ratios, such as 8/10 to indicate 
that 8 animals died of 10 inoculated, are almost useless from the quantitative 
point of view. 

Toxins. It is difficult if not impossible to account for the derangement 
of the normal physiological processes and attendant clinical symptoms of an 
animal suffering from an infectious disease on the basis of a purely mechanical 
effect of the presence of the invading bacteria in the blood or other tissues. 
It was early discovered that a number of the pathogenic bacteria produce 
poisonous substances which, when absorbed by the host, give rise to the symp- 
toms and pathology characteristic of the particular disease. It has been pointed 
out previously (p. 124) that these poisonous substances or toxins fall into 
two categories, (a) the soluble toxins, exotoxins or true toxins which appar- 
ently diffuse out of the intact bacterial cell into the surrounding culture me- 
dium or tissue, and (b} the endotoxins which do not diffuse out of the intact 
bacterial cell but may be separated From it in vitro by mechanical disruption 
of the cell structure. These substances are'Hbera'ted in vivo through destruction 
of the bacterial cells by the various defensive mechanisms of the host. 

The soluble toxins, although not a part of the cell substance, cannot be 
regarded as secretions in the usual sense of the word. The rate of appearance 
of toxin does not, except in the case of Clostridium ivelchii, parallel the rate 
of growth of the culture, toxin is liberated in the greatest amounts after the 
phase of active growth is over and many of the cells are dead or dying. The 
endotoxins appear to be a part of the cell substance of bacteria containing 
them; organisms such as the cholera vibrio, certain of the dysentery bacilli and 
the lih-e may be regarded as microorganisms whose protoplasm is toxic to the 
higher animals which they infect. There are a number of differences between 
these two types of toxins which may be summarized as follows: 


Exotoxins 

(D Occur outside the bacteria] cell 

(2) Poisons of extremely high potency. 

(3) Excellent antigens which give anti- 
sera of higher titer. 

C4) Combine with antibody according ro 
the law of multiple proportions. 

C5) Protein m nature. 

C6) Thermolabile. 

C7) Destroyed by proteolytic enzymes. 
(8) Detoxified by formaldehyde. 


Endotoxins 

COIntf&cdlular in the intact cell. 

(2) Low potency. 

(3) Poor antigens, antisera of low po- 

tency. y 

(4) Do not combine in multiple propor- / 

tions. , / 

(5) Some are proteins but some are glu *' 
colipoids. 

(6) Thermostable. 

(7) Resistant to the action of proteo 

lytic enzymes ,, 

(8) Toxicity not affected by formalde 
hyde. 


These differences are bv no means absolute, and the listing of them represents 
a generalization to which there are a number of exceptions, as will appear. 
Consequently, the identification of a toxin as an exo- or endotoxin can be ma e, 
noton the basis of a single property, but only on the aggregate or the properties 
it exhibits. Even when all its properties are taken into consideration, a gnen 
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toxin, such as the Shiga djsentery bacillus toxin, for example, may occupy an 
anomalous position. 

The soluble bacterial toxins are, by a comfortable margin, the most potent 
poisons known, only the vegetable poisons, ncin and abrin, approach them m 
potency. The most potent of the soluble toxins are those formed by Clostridium 
botulinum, Clostridium tetani and the diphtheria bacillus. Crystalline type A 
botulinum toxin (p. 593) is the most potent of the bacterial toxins, the LD-,« 
for the mouse is only 4 5 x 10“ 0 mg. N. Type B botulinum toxin is somewhat 
less potent, 5 to 9 x 10“ 9 mg N/LD 30 for the mouse, and crystalline tetanus 
toxin 5 to 7.5 x 10“ 3 * * * 7 mg. N/LD 3(I . Highly purified but non-crystalline prep- 
arations of diphtheria toxin kill guinea pigs in amounts of 0.4 jig. per kilo 
body weight. While these amounts seem fantastically small— for example the 
LD 5{ i of crystalline type A botulinum toxin is the equivalent of 2. 1 x 10 7 mole- 
cules— the effective concentration in the body is much higher in that these 
toxins have marked affinities for certain tissues, as that of botulinum and 
tetanus toxins for the nenous tissue Other toxins, such as that of Clostridium 
welchti, are much less potent, and it may require as much as 0. 1 ml of culture 
filtrate to kill an experimental animal. Still less potent are the endotoxins whose 
minimum lethal dose may be as much as one million times greater than that of 
a potent exotoxm. The MLD of a killed broth culture of the cholera vibrio, for 
example, is about 0.5 ml. for the guinea pig. 

The potency of these toxins is, in general, paralleled by their efficiency as 
antigens. Antitoxic sera of high titer, 1 ml of which will neutralize thousands 
of guinea pig MLD’s, may be obtained against diphtheria toxin, but antitoxic 
sera prepared against endotoxins arc generally of very low tiler— several milli- 
liters may be required to neutralize 1 to 5 MLD’s of endotoxin The neutraliza- 
tion of exotoxm by antitoxin proceeds according to the law of multiple propor- 
tions, ».c., if x units of antitoxin neutralize y units of toxin, «.\ units of anti- 
toxin will neutralize ny units of toxin (sec p. 288). The neutralization of 
endotoxin docs not proceed in this orderly manner; it may be possible to protect 
an animal against 4 to 5 MLD's by the injection of antiserum, but if much 
more endotoxin is given, greater amounts of antiserum will not provide pro- 
tection. 

The nature of toxins, the soluble toxins in particular, has been a subject 
of long-continued interest. 5 The soluble toxins appear to be proteins; they arc 
denatured by heat, may be salted out of solution, etc. Highly purified diphtheria 
toxin has been prepared by Eaton’ and by Pappcnhcimer* and probably repre- 
sents the pure toxin, the preparations appear to be homogeneous protein. Tv pe 
A toxin of Clostridium botulinum has been prepared in crystalline form bv 
Lamanna. McElrov and EklurnP and by Abrams, Kcgclcs and I Jottlc.* The 
former used an initial acid precipitation followed by shaking with chloroform 
and salting out v\ ith ammonium sulfate, and the latter a combination of sodium 
sulfate and acid precipitation. Both preparations erv stall ized in the form of 

3 See l!it* review l>\ P-amir B.»ct. Hcv , I93S. 2 3. 

>E*Mn< Jour. IUt . 1936, 31:347. 

* Pjpprnhr liner Jour Hi«> 1 Clicm., 1937, I >'l 54 3 

* 1 jnunni Mcf'lfo' *m! I k!un«i Stirmr. 103-613 

* Abiiniv Kfsdn ami I Iifllr J*«r. Ui<4 Cl»cm . |0I6. 16163. 
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Cannon and Su!li\nn (1032) recorded t-x|w>rimentfl which they regarded ns indicating 
the local formation of nntiliodics at tlir* aite of nn intmdrmial injection. Hartlej (1910) 
injected a mixture of vnrrinia virus and nn aluminium hydroxide pel intmdcntiillv in 
rnhliits. A nodule, in which the cellular reaction «ni pnsloniinantly macrophage, was 
prod n ml at the site of innculntum. Ux tracts of the 4 day-old nodule h contained from 
2 to 10 times ns milch nnttlxxly as lilood or other tissue extracts (*r also Orskov and 
Andersen 1938, iMJnra and Angevine 1013). Unmet (1011), on the oiler hand. c«uM 
find no evidence of local mitilxxh fomintion in the skin of rohhiu l»y direct injection 
of a variety of pohihlr and particulate antigens. Oakley nml his colleagues (1931), making 
local injections of diphtheria or tetanus toxoids into various tissues of rabbit* and guinea- 
pigs »n a at ate of secondary rcsjxinsjvi tu*s« to both these antigen*. obtained grxxl evidence 
of the formation, in fat and urns 1c and sometimes in akin, of nntitoxin specific for the 
toxoid injected into the bite. 

Certain facts indicate, though they tin not prow*. the formation of nntilxxly at or near 
the miuosal surfnrts of the respiratory, alimentary and pi nito-urinary tmets ThiisWahh 
and Cannon (1938) found, after intmpentoneal antipen. an eacn distrihutiou of salmonella 
npplutinins in the nasal mtieosa, lunp and split n, with a tissue : n nun ratio of 1:10. 
After intrnnasal instillation of nntiprn, then* was projmrtioiiately more nntilxxly in the 
nasal mucosa. Moreo\er, when different nntipeiis were piven l»v the two routes, the 
proportion of nntilxidy to the “ intmnas.il " antipm in terms of s« nun nntilxxly was 
hipher in the ua«nl mucosa than in tlx* spleen; and that of nntihody to the ** splenic " 
nntipen was hipher in the spleen than in the nasal tmntwn. 

Antilmdy occurs in the fat-es. In puinen-pips with experimental V. rhfjfrtr enteritis, 
nntihody to the vihnn npjx'ars in the lumen of the put lx fore it is detectable in the serum 
(see Koshland 1933) . and tlx* varying mtios of ntitilxxly in senirn and fnsvs of animals 
immunized with mixtures of diflennt dyer lit era bacillus antigens (Ilark«d.a!c and (thoda 
1931) is nl-o consistent with a localized, and perhaps alimentary, oripin of fatal antibody. 
Naylor and Caldwell (1033) n coral hipU unitary litres of agglutinins. not associated with 
hipli hhxxl titn s. m Kgypt intis with salmonella infections confined to the urinary bladder; 
and Kerr nnd RolxTtson (1933) found trichomonas npplutinins in uterine mucus, but not 
in the serum, of cows exjXTimontnlly infected in »trn> with 7*. /«*/«». 

The R61e o! tho Rcticnlo-Endothelial System in tho Formation ol Antibodies. 

We di'cussed in Chapter 17 the merlmmsni liv which Inrpe particles like bacteria 
or red Mood cells, or colloidal solutions of dye, are cleared from the Mood stream 
after their intraienous injection and taken tip in the plinpoeytie cells of the reticulo- 
endothelial system Since many of these particles contain nntipen, any consider- 
at ion of the site of nntihody formation must include the R.K. colls. It is economical 
of hypotheses to assume that the cells which capture the antigen also produce the 
antibody, and on that basis much of the earlier work was done. 

FfcilFernnd Marx (189S) stated that in rabbits, which wero undergoing immunization 
against cholera vibrios, bacterial antibodies might bo present in the spleen, tho bone 
marrow, and perhaps tho lungs, in higher concentration than in tho blood (sec also 
Tsurumi and Ivohda 1913, Cary 1922). 

The removal, hy splenectomy or inactivation, of the substantial amount of the reticulo- 
endothelial tissue present in the spleen affects antibody production. Deutsch (1899) 
recorded that splenectomy before tho injection of typhoid bacilli into guinea-pips had 
little effect on subsequent antibody production, but when carried out 3 to 5 days after 
the injection it led to a significant decrease. He also oWrvctl that, when the spleen was 
cxtirjxitcd from a recently immunized guinea-pig nnd transferred to the peritoneum of a 
normal guinea-pig, nnti-ty plioid agglutinins a pj wared in the blood of the latter though to 
a relatively low titre. Similar results, both of diminished antibody production with 
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needles and were pure protein, having the properties of globulin and a moiec- 
ular weight of about 1 x 10°. Type B botulinum toxin has been prepared as a 
pure homogeneous protein, though not crystallized, by Lamanna and Glass- 
man. 7 Tetanus toxin has been prepared in crystalline form by Pillemer, 
Wittier and Grossberg* by methanol precipitation in the cold and similarly 
appears to be pure protein. These results definitely establish the protein nature 
of at least these bacterial exotoxins. 

With the exception of botulinum toxin, the soluble toxins are destroyed by 
proteolytic enzymes; botulinum toxin is, therefore, the only toxin which is 
effective when given by mouth. There is no chemical evidence which explains, 
even m part, the toxicity of these substances; these proteins do not seem to 
differ in any essential respect from bland proteins, such as egg albumin The 
ammo jcid composition of crystalline type A botulinum toxin, for example, 
is in no way unusual. It has been suspected that toxicity might be a property 
of a prosthetic group attached to the protein molecule, but this appears not to 
be true; the balance of evidence indicates that the toxicity is a property of the 
structure of the toxin molecule, possibly of the arrangement of the constituent 
amino acid molecules in the protein. 

Evidence as to the mode of action of the bacterial exotoxins is, however, 
beginning to accumulate. The a toxin of Clostridium welchii is a lecithinase 
and the enzymatic activity accounts in large part for the hemolytic and other 
toxic properties of this substance. The Welch bacillus also produces a col- 
lagenase or * toxin which, by attacking muscle collagen, may be at least 
partially responsible for the pulping of muscle seen in human gangrene. Pap- 
penheimer” has reported evidence which strongly suggests that diphtheria 
toxin may represent the protein moiety of an iron-containing respiratory en- 
zyme, formed in abundance when the bacilli arc grown in the presence of 
minimal amounts of iron; possibly its toxicity may be due to a compctithe 
inhibition of respiratory enzymes of the host (p 153) The mode of action of 
neurotoxms such as tetanus toxin is not yet understood. 

The discovery that the toxic qualities of the soluble toxins are destroyed 
by treatment with formaldehyde which, at the same time, leaves the antigenic 
and antitoxin-combining properties of the toxin unimpaired, has been of the 
greatest practical importance in immunization procedures. Toxin so treated 
is called toxoid or anatoxin. It might he supposed that this observation would 
throw some light on the nature of the toxicity of these substances since 
formaldehyde is known to block amino groups— a fact taken advantage of in 
Sprensen’s formal titration of amino acids. Analysis of the formaldehyde- 
protein derivatives indicates that the aldehyde combines with primary amino 
and primary amide groups, but not with secondary amide or phenolic groups 
Because of the effect of formaldehyde on toxicity and the results of detoxifica- 
tion with ketene and phenyl isocyanate, some workers have supposed that the 
free amino groups of the toxin molecule, such as the e-amino group of lysine, 
are intimately associated with toxicity, but the evidence for this is by no 
means complete. 

7 Lamanna ancf Gfassman /our Bact., 1947, 54 : 575 . 

s Pillemer, Wittier and Grossberg Science, 1946, 103 615. 

^ pappenheimer /our, Biol Chem., 1947, 167 251. 
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I'rankel and Grunenberg 1924, Ross 1026). Such discrepancies need cause no surprise. 
In a system of cells so widely distributed throughout tho body, the effectiveness of any 
method of blockade must vary according to tho experimental conditions. Blockade that 
falls short of completeness may, as some authors have suggested {Standcnath 1923), 
stimulate rather than depress. 

Other methods of injuring or disabling tho cells of tho reticulo endothelial system havo 
been used in attempts to study the part played by these cells in antibody production— 
the effect of X-irradiation (Benjamin and Sluka 1908, Hektocn 1915, 1918, 1920), of 
thorium X (Hektocn and Corper 1920), and of radium emanation (Hcktoon and Corper 
1922), of benzene (Rusk 1914, Simonds and Jones 1915, Hektocn 191Ca), of toluene (Hok- 
toen 19165, Weaver et al 1913), of dichlorootliyl sulphido (mustard gas) (Hektocn and 
Corper 1921), and of tnehloroethjdamine (nitrogen mustard) (Philips el al. 1917). The 
results of these experiments, tnken ns a whole, lend support to the view that any pro- 
cedure which severely injures the cells of the rcticulo-endothrlinl system will substantially, 
and sometimes completely, inhibit the formation of antibodies. The time relation of the 
effect of X-rays is instructive. The results of Benjamin and Sluka ( 100S) indicated that 
depression of antibody response was less in animals irradiated four days before instead of 
immediately after the injection of nntigen. Subsequent work (see, e.g., Craddock and 
Kawrencc 1948, Clcmmonscn and Andersen 1918, Kolm 1951, and the review of Taliaferro 
1951) has m general confirmed the refractoriness of the immune response, once antibody 
formation has begun, to doses of X-rays that damage such components of the R.E. system 
as tho bone marrow, lymphatic tissues and spleen. Taliaferro and his colleagues (1952) 
distinguished between a moderate general effect, perhaps due to a non-specific depression 
of protein synthesis, manifested by a retardation of antibody production, and a strong 
inhibitory effect induced by irradiation from 12 hours to 7 days after injection of antigen. 
There was no inhibition, however, when nntigen was given either before or up to six hours 
after irradiation, suggesting that only the phase of uptake of nntigen or its early katabolism 
by the tissues was radiation-sensitive. The phenomenon was also described by Dixon 
and his colleagues (1952) who deduced that, because the nntibody formed in X-irradiatcd 
animals is indistinguishable from that in normal animals, the radiation-resistant cells 
are the site of antibody formation (Maurer et al. 1953). 

These studies point to the participation of the R.E. system in nntibody formation; 
but, owing to the radiation sensitivity of much of tho lymphoid-macrophage system (bee 
Chapter 47) to the doses of X-rays usually employer!, they do not unequivocally indicate 
•uny *uin 4 if«uv. 

There is little doubt that large-particlc antigens me first taken up in the phagocytic 
macrophages of the R.E system, and that the immediate fate of soluble antigens is similar, 
but in neither instance are these cells the sole depository of tho nntigen. Using a blue 
antigenic azo-protein in mice, Kruse and McMnster (1949) found the nntigen in the c)to- 
plasm of the R.E. cells, especially in cells of the liver and in the sinus and reticular ce s 
of the lymph nodes Coons and his colleagues devised an elegant immunochemical tec - 
nique for the detection of nntigen in cells by treating sections of tissue w itli specific anti- 
body to which a fluorescent dye had been attached On intravenous inject ion^hotliac 

tenal polysaccharide and scrum protein antigens were found to be localized in the ^ ^ 

cells, where their concentration gradually increased, and m the parenchymatous ce o 
the liver, in the cells lining the renal tubules, in the capillary endothelium and in eon 
ncctive tissue cells. They were also found in low concentration in the lymphocytes an 
the lymphoid cells of the lymph nodes and spleen. Though the protein antigens^ s 
appeared within a few days and the polysaccharides after several months, they persis e 
longest and were most abundant in the R.E. cells of tho liver, spleen and lymph no cs 
(Coons and Kaplan 1950, Kaplan et al 1950, Hill el al. 1950, Coons et al. 1951). 

In tins connection we may note that Sabin (1939) attempted to correlate the disappear^ 
ance of a coloured ozo-dyc protein antigen from the rcticulo-cndothelial cells of the ra 
with the antibody levels found m the scrum. Her results suggested a connection betwee 
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The endotoxins arc, in general, much more resistant to heat and to the 
proteolytic enzymes than are the soluble toxins. Many require heating to 
80°— 100° C. for one hour, and an endotoxin isolated from the meningococcus 
requires one hour at 120° C. for destruction; in contrast, the most resistant of 
the soluble toxins, botulinum toxin, is destroyed by exposure to 80® C. for ten 
minutes. Some of the endotoxins are destroyed by the proteolytic enzymes, 
but others appear to be immune to the action of these ferments. Similarly, 
formaldehyde has little or no effect on the majority of the endotoxins. 

Some of the endotoxins may be protein, and it is thought by some that these 
substances arc not toxic per sc but arc broken down in the animal body, either 
in the cells or body fluids, to toxic split products. The endotoxins of the enteric 
bacilli hate been imestigated in some detail and hate been found to be poly* 
saccharide-lipid-polj peptide complexes. The complex is broken dottn by mild 
acid hydrolysis and the toxicity disappears, though in some instances the lipid 
fraction may retain a small degree of toxicity. There is also some etidcncc that 
the endotoxin of the cholera vibrio is closely associated with a phospholipid 
fraction of the cell. Substances such as these would not, of course, be affected 
by formaldehyde or proteolytic enzymes. 

Following the injection of exo- or endotoxins, a period of incubation elapses 
before symptoms of intoxication appear. This incubation period may be scry 
short or may extend to thirty-six or forty-eight hours or longer. The usual 
incubation period of tetanus toxin is thirtv-six hours but it may be reduced to 
thirty five to sixty minutes by the injection of \crv large amounts, 500,000 
MLD, of crystalline toxin It is sometimes stated that endotoxins ha\c no in 
cubation period, thereby differing from the exotoxins, but this is not generally 
true. 

The pharmacological action of the soluble toxins resembles that of the 
vegetable alkaloids and is sometimes quite definite and characteristic for each 
toxin. Diphtheria toxin, for example, produces degeneration of the heart 
muscles, kidneys and liver and the hemorrhagic reaction in the adrenals which 
is a highly characteristic postmortem finding in the guinea pig. A part of 
tetanus toxin (tctanospjsmin) has an affinity for the motor nerves. On the 
other hand, the symptoms and pathology resulting from administration of the 
endotoxins arc not at all characteristic although minor distinctions have been 
reported Animals inoculated with lethal doses of these substances usually show 
dyspnea, diarrhea and. in some cases, flaccid paralysis of the posterior extrerm 
ties, Ixxornc progressively weaker and finally die vvithout having exhibited 
svmptoms that might be regarded as characteristic of a particular endotoxin 
'I be histop ithology often indicates that the toxin exerts its effect on the blond 
vessels, damage to which results in degenerative changes in the tissue supplied 
It has also been found 1 " that these substances affect the carbohydrate metab 
nhsm of the host, decreasing tissue glycogen, lactic acid and pyruvic add. and 
specifically inhibiting sucrinic dehydrogenise, the relation of these changes 
to observed pathologv is, however, not clear. 

As has already Ixen suggested, the bacterial toxins arc not unique. Sub 
stmccs closelv resembling the soluble toxins occur in the seeds of some of the 
higher plants and in the secretions of certain animals. Among the better 

«• Kun am! Miller Pr«. S<x. Exp 11 kJ. Med . I94S. 67.22 1. 
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The lymphocyte and antibody formation.— Ehrich and Harris {1942) applied the double- 
antigen technique of McMaster and Hudack to the rabbit leg, with typhoid bacilli, sheep 
erythrocytes, and ovalbumin as antigens ; m their hands the antibody maxima in efferent 
lymph and in the lymph nodes slightly preceded the maxima in germinal centres, whose 
increased numbers persisted some time after antibody' levels were declining. The rise 
in antibody content of lymph from an immunized lymph node was accompanied hy a nse 
in the cellular content. The cells, which were predominantly lymphocytes, contained 
substantially more antibody than the lymph and, since normal lymphocytes did not appear 
to absorb antibody, Harris and his colleagues (1945) suggested that the lymphocyte was 
the site of antibody formation. Similar results were obtained with two serologically 
distinct strains of influenza virus (Harris and Hnrris 19495). Formation of antibody 
in the lymph nodes of the rabbit and horse was demonstrated by Oakley, Warrack and 
Batty (1949) after the local injection of secondary stimulating doses of diphtheria and 
tetanus toxoids ; in horses, the nodes continued to produce antitoxin for several months. 
Habel and lus colleagues (1949), on the other hand, found no experimental evidence of 
antibody formation in lymph nodes, or of transport of antibody by lymphocytes (but see 
Hams and Hams 1950). 

The hypothesis of the lymphocyte ns the site of antibody synthesis is in accord with 
the diminished antibody formation observed in animals whose lymphoid tissue as a whole 
is damaged or decreased by X-irradiation or nitrogen mustard (sec, e g., Schwab et of. 
1950, Taliaferro and Taliaferro 1951) or by prolonged dosage with cortisone (Bjomeboe 
et al. 1951, Fisehel et ah 1952, Malkicl and Hargis 1952) ; but ns we noted above, this 
evidence does not point unequivocally to any one type of cell. 

Small doses of X-raj s induce a fall in circulating lymphocytes, and in immunized aniuub 
they are reported to increase scrum antibody titres, presumably by lysis of cells (“ lympho- 
lysis ”) and release of contained antibodies (Dougherty and White 1947 ; but see 
Roberts and White 1951) ; but others have failed to elicit this effect (Fisehel et al. 1949. 
de Vries 1949 ; see also Marshall and White 1950). Dougherty and White recorded a tran- 
sient nse in circulating sheep cell agglutinins in immunized rabbits, after a lyropho- 
lytic dose of various adrenocortical hormone preparations, and postulated a hormone- 
induced release of antibody from these cells as part of the mechanism of antibody formation 
The hormone effect was observed by others in immunized rabbits and rats (Eisen et al. 
1947, Bussard et al. 1950, Hammon and Novak 1950), and amphibia (Bisset 1949). Bus- 
sard and his colleagues observed proliferative changes in the transitional and plasma 
cells of the spleen, as well as a lymphopenia, induced by the hormone. Fisehel, LeMay 
and Rabat (1949) found no evidence of antibody release by adrenocorticotrophin (see a' 8 ® 
Havens et al. 1952;. The view that antibody production is necessarily under hormona 
regulation, or that the lymphocyte participates in regulation, either as a producer or trans- 
porter of antibody, remains to be established. In this connection we may note that, m 
immunized rats, the induction of lymphopenia by the administration of an anti-lymphocyte 
serum — a procedure presumed to destroy the lymphocytes — did not increase the circulates 
antibody (Woodruff et al. 1951) ; nor did the tn tiro lysis of the lymphocytes by colchicine 
(Fagreus and Gormsen 1953). The presence of antibody in lymphocytes (sec Harris an 
Hams 1950) is not consistent with the results of other experimental work (Craddock et a - 
1949, Bjomeboe et al. 1947, Hammon and Novak 1950). Erslev (1951), for exatnp <■» 
could find no antibody in the circulating lymphocytes of rabbits hyperimmumzed w« 
pneumococci, though the serum was rich in it. It will be realized that the evidence or 
the participation of the lymphocyte, as distinct from other lymphoid cells, in cither e 
formation or the transport of antibody is both confused and contradictory. At presen , 
the balance of the evidence is against the lymphocyte, at least as far as antibodies that can 
he detected by the orthodox in t itro techniques are concerned. The matter is, however; 
by no means settled. There is, moreover, a field of specific in t itro reactions * nvo 
antigen or hapten, but ml detectable antibody, which are consistently associated vn 
this type of cell. As we shall see in Chapter 51, certain forms of specific hypersensitive } 
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known toxins of plant origin (phyfotoxms) are rich (from the castor oii bean, 
RiciniiS' communis), abrin (from the jequinty bean. Abrtts precatorins), and 
the similar substances, crotin and robin. The more familiar examples of similar 
poisons of animal origin (zootoxins) include snake venoms, the poisons of scor- 
pions and spiders and an actively poisonous substance present in eel blood. 
The chemical behavior and physiological action of these poisons are strikingly 
similar to those of the bacterial exotoxins. Antitoxins have been prepared 
against a number of these substances and the antivenins have been used with 
considerable success. 

Tlie “Invasiveness” of Bacteria. It was early suggested that, in addi- 
tion to toxins, some of the highly virulent bacteria which invade the host tissues 
with great rapidity are enabled to do so by tbe secretion of soluble substances 
termed aggressins by Bail 11 and virulins by Rosenow. 12 Although subsequent 
experiment has provided evidence which strongly supports this general con- 
cept, these terms have, at present, little more than historical significance. It has 
been found that virulence in terms of tissue invasion and destruction of the 
defense mechanisms of the host by bacteria may be subdivided into a number 
of component factors. The more important of these are the hemolysins and 
leacocidins which destroy the red and white blood cells, the coaguhses and 
fibrinolyshts which influence the formation and dissolution of blood clots and 
a spreading factor which produces a marked increase in the permeability of the 
host tissues. Although some of these properties are associated with virulence, 
others are not so correlated and their relative importance is uncertain. It is 
probable that the ability of a bacterium to invade the tissues is not dependent 
upon any single property but rather upon a combination of properties, includ- 
ing both those that are known and others that are as yet unknown. 

Hemolysins. A variety of bacteria produce hemolysins, substances which 
bring about the dissolution of the red blood cells of higher animals The bac- 
terial hemolysins, which are to be distinguished from the immune hemolysins 
formed by an animal in response to the injection of red cells of another 
species (p. 290), are of two types, the so-called filterable hemolysins which are 
extra-cellular and may be separated from the bacterial cells by filtration, and 
the hemolysins which are demonstrated by the cultivation of bacteria on seroi- 
sofid media containing whole blood. 

The filterable hemolysins ate sometimes named after the bacteria which 
form them, a streptolysin, for example, is a hemolysin produced by strepto- 
cocci, and a sfnphylolysm a hemolysin of staphylococci. Hemolytic activity is 
demonstrated by the addition of filtrate or whole culture to a suspension of 
washed erythrocytes in physiological salt solution, after a period of * nc ~? 3 
tion the red cells arc laked and hemoglobin appears free in solution. The 
relation of these hemolysins to other naturally occurring hemolysins such as 
saponins, the hemolysins present in snake venoms and the like, is uncertain. ^ 
The bacterial hemolysins appear to be proteins in nature, are inactivated bv 

n Bad Arch. Hyg., 1905, 52 272. 

RosenoU’ Jour- Inf. Dis„ 1907, 4-285. , 

18 For a genera] discussion of hemolysis see the exhaustive monograph of Fonder 
Mammalian Red Cell and the Properties of Hemolytic Systems. Protoplasms Morrograp , 
No 6. 1934. 
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Other cells. — There is no good evidence of liberation of antibody from polymorpho- 
nuclear leucocytes (sec Fasticr 1948, Walsh and Smith 1951). Girard and Murray (1954) 
took advantage of the increase in circulating monocytes produced by the lipid extractable 
from Listeria monocytogenes to investigate the role of these cells. When a high monocyte 
count was maintained in rabbits by this means, antibody response to the typhoid bacillus 
.and to staphylococcus toxoid was increased. Moreover, when a predominantly monocyte 
pleural exudation was induced in such animals during the secondary antibody response, 
the cells contained more antibody than the fluid. This was not, however, evidence of 
antibody formation by the cells, because passively administered antibody proved to be 
concentrated within them. 

As regards other tissues, it is noteworthy that muscle docs not appear to synthesize 
antibody (Kcppie and Macfarlanc 1918). The liver, though turning out most of the plasma 
proteins, docs not m the rat appear to synthesize globulin (Miller and Bale 1954); if 
this proves to be generally true, then we may exclude the Kupffcr cells of the R E. system 
as a major source of antibody. 


The Formation of Antibodies in Tissue Cultures. — A method which offers obvious 
possibilities for the study of antibody formation is that of tissue culture. 

Carrel and Ingobrigsten (1912) cultivated fragments from the bone marrow and lymph 
glands of guinea-pigs in the homologous blood plasma, and added to the cultures sma 
amounts of red cells from the goat, against which the scrum of the guinea-pig showed no 
lytic action. Hccmopsonms appeared in the culture on the 3rd day, as judged by dircc 
observation of the degree of phagocytosis. Hiemolysins were detectable on the 4th day, 
and had increased markedly in activity on the 5th. The hsemolysins could be specifica y 
absorbed from the fluid by the usual tcchniquo. Ltidko (1912) injected killed cultures 
of typhoid or dysentery bacilli into rabbits, removed fragments of the spleen or bon 
marrow after 1 to 5 days, and cultivated them in homologous plasma. After 2 to 5 ay 
incubation he was able to detect lysins and agglutinins in the culture fluid. In a 
way he succeeded in producing hsemolysin for ox or sheep corpuscles. His results were 
the most part negative when he added the antigenic materials directly to the tissue cu 
Przygode (1913, 1914), Reiter (1913) and Schilf (1926) also recorded positive res 
Subsequent workers, including those wo have mentioned above in the section on an i ^ 
production by plasma cells, have demonstrated antibody formation against a van ® 
antigens when the cultures were made from the tissues of already inoculated a ’ 
but the results of adding the antigen after the establishment of the tissue culture *» ^ 

have been uniformly negative (Meyer and Lowenthal 1928, Hwon 1937, P ar _ er 
Salle and McOmie 1937, Beard and Rous 1938). The reasons for the failure o ^ 

immunization are not apparent, though Beard and Rous, who used a pure cu ^ 

Kupffer cells from the liver, note that the cultivated cells had lost their norina «« 


power of ingesting antigenic particles. 

Conclusions with regard to the Site of Formation of Antibodies.— Taking 


uuuwusiuuj miu icgiuu iu me one oi rormauuu u± # ht ® 

evidence as a whole the conclusions to be drawn do not seem to he in oU . 


evidence as a wnoie tne conclusions to be drawn do not seem ^ 

spite of various discrepancies There is ample evidence that the lymphoi c e , 
of +V10 1 tm. 17\ „on™rnprl with antlD° J 


of the lymphoid-macrophage system (Chapter 47) is concerned with ad _ e 
formation. The researches of the past decade clearly indicate that an a 
cellular response occurs pari passu with the antibody response, in organs 
like the spleen, are usually credited with antibody formation, and in lyj^P ^ 0 f 
and in discrete regions of connective tissue stimulated by antigen. e s 
this response varies with the route of injection of the antigen, and it is P . j 
that the type of cell produced vanes significantly with the antigenic^ jj, es i3 
The evidence implicating any particular kind of cell as the site of antibody sj ^ 
is largely circumstantial, and although refinements of technique have ie 
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heating (55° C. for thirty minutes), and are antigenic, i.e., when injected into 
animals they stimulate the formation of antihemolysins. 

That hemolytic activity is a property of a group of substances of bacterial 
origin rather than of a single substance formed by a number of bacterial 
species is indicated not only by differences in immunological specificity but 
also by the varied properties of the activity. Many hemoljsins, for example, 
arc oxygen -stable, but some, produced by the pneumococcus and certain strains* 
of streptococci, arc oxygen sensitive, t.c., they ate actitc in the reduced form 
but inactitc in the oxidized form, the oxidation-reduction being reversible at 
low temperatures. 1 * Hemolysins further differ from one another in their heat 
and acid resistance and in the incubation time which precedes visible taking 
of the red cells Differences in their activity on the erythrocytes of various 
species of higher animals may be marked, a gi\en hemolysin, for instance, maj 



Tir. 28. "Hot -colei” hcmoljsU. Sfarb>Iococct<i (nireut on sheep Wood a par. Produced 
b> bolding the plate allcmatcl) at incubator and refrigerator temperature*. Tbe small 
clear rones arc produced in tbe incubator b> ihc a lysin and the large rones in the re- 
frigerator bv the p Ijsin. 

lyse sheep cells hut not rabbtt cells. In general the cells of the animal species 
from which a bacterium is isolated arc more sensitise to its hemoljsins than 
arc the cells oF other animal species. 

A single hactcn.il strain may form more than one hemolysin. Certain 
strains of stnphjlocoeci form at least two hcmolj-sins. one acting on both 

~~ d the other 
■ rmperaturc 

1 lie former is termed a lysin and the latter (i hsin. The action of (with 
can Ik* shown in culture on sheep blood agar, the a Ijsin producing a zone of 
complete clearing on twentt four hours’ incubation and the fi Ij-sin producing 
a /one of darkening which becomes lighter and clear on subsequent refrigera- 
tion of tbe plate. 18 This phenomenon is illustrated in Fig. 2S 
>*CJ. Todd- Jour Path, and flict., 1934. 39 299- 
,l Glenn) and Sics cm Jour Paib. and Pact., 1935,40201. 

>• Christie and CrajtNi. Australian Jour. E»p. Ural. & Med. So , 1941, J9-9- 
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The minute doso of 10,000 bacilli per kilo, body weight, administered to rabbits, 
results in no detectable agglutinins. With ton times the dose we pass the threshold and 
obtain an average titrc of 1/330. Over the range 10 s to 10" bacilli a thousandfold increase 
in dose results in about a tenfold increase in titre— the critical student glancing at the 
numbers in the second column w ill not place too much reliance on the mean values recorded 
in the third. When we increase our dose still further we shall get still higher titrcs; but 
we shall be reaching the point where our inoculum attains an appreciable toxicity, and we 
shall, apart from this, be subject to the law* of diminishing returns. However high wc push 
our dose, up to the limit that will kill our rabbit, wc arc unlikely, after any single inocula- 
tion, to reach a titre of more than 1/10,000-1/20,000. 

In general, there is a minimal threshold value, below which no response is 
obtained. Above this value the titre attained varies with the dose administered, 
but in such a way that the increase in titre is relatively much smaller than the 
increase m dose required to produce it. Eventually n point is reached at which 
further increase in dose results in little or no increase in antibody production. 

TABLE 80 


Snowixa TnE Mean Values op the Hiouest Titre op Flagellar Agolutinins in Small 
Gnours of Rabbits injected intravenously with Different Doses (per k.b.w.) of 
Salm. paratyphi U. 


No of Bacilli Injected 
rer k b w. 

1 

No. of Rabbit* tested. 

Highest Titre. ! 

(Mean Value). 

w 

3 

3,540 

10 7 1 

3 

1,8(50 

10 5 

6 1 

330 

10‘ j 

4 L 

0‘ 


1 »= no agglutination at a dilution of 1/4. 


Not all antigens induce this kind of dosage response. For example, even very small 
doses of the acetyl polysaccharide on the Type I pneumococcus call fortli the production 
of antibodies (Avery and Goebel 1933, Enders and Wu 1934). Dow me (1937) found that 
an effective immunizing dose in mice lay between 1 0 and 0 01 ;<g. ; larger doses, of 100 
or 1,000 /ig., proved to be ineffective. 

Immunological paralysis — Massive doses of antigen may completely paralyse 
the response of the antibody-forming apparatus. Wc discussed in Chapter 19 
Felton’s demonstration of such an immunological paralysis m mice given an over- 
whelming dose of pneumococcal polysaccharide — enough to remain for a long time 
detectable in the tissues. The analogous phenomenon, of specific induced toler- 
ance, is elicited by the introduction of antigen into the foetal mouse or chick 
before its capacity to synthesize antibody has matured. With maturation of this 
capacity after birth, the animal is indifferent to stimuli by the antigen employed 
(Billmgham et al. 1953). 

Variations in Response to Different Antigens. — Fig. 253 shows the effect of 
injecting into an animal {a dog) a particular antigen (rat corpuscles) against which 
it possesses a normal antibody (hsemagglutimn) The immediate effect of the 
injection is to came a fall in the normal antibody titre, followed by a rapid rise 
of the type depicted m Fig 232. This negative phase is a characteristic result 
of injecting any large amount of antigen into an animal that possesses the corre- 
sponding antibody in its circulating blood. 
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Similarly, some strains of streptococci produce two hemolysins, one of which 
is relatively heat-stable but oxygen-sensitive and the other oxygen-stable but 
heat-sensitive. 14 It has been shown by Bernhcimcr 17 that streptolysin O, the 
oxygen-labile hemolysin, has a toxic action on the isolated frog heart. This 
cardiotoxic action is of particular interest in that it appears only on second ap- 
plication following a first or sensitizing application which releases an inhibitor 
and leases the tissue susceptible to the action of the cardiotoxin. 

The production of hemolysins is favored by inclusion of scrum in tbc broth 
in which the microorganisms arc cultured, and it is of some interest that the 
activity of the hemolysin formed in such media is most marked on the red 
cells of the animal species from which the scrum was derived. 1 * The hemolytic 
activity of a culture may be transitory, probably because of inactivation of 
formed hemolysin. Some hcmolvsins lose their activity when incubated at 37° 
C. for two hours or more; for example, de Kruif and Ireland 1 ** found a maxi- 
mum hemolytic titer after eight hours' incubation of streptococcus cultures 
which declined rapidly thereafter so that in many eases no activity could be 
detected in filtrates of fourteen-hour cultures. 

Blood-Plate 1 1 e viol) sis. The colonics of some bacterial species on blood 
agar produce visible changes in the medium immediately surrounding the 
colony which are termed “hemolysis." Two general types of change are 
observed, one designated as <1 or green hemoljsis, in which the bacterial colony 
is surrounded by a zone of greenish discoloration, and the other, 0-hemohsis, 
in which the zone around the colony is clear and unadored, in contrast with 
the red opacity of the medium. According to Brown™ the zone of discoloration 
of B-hemolysis is surrounded hv a very narrow clear zone, hut this is not appar- 
ent except upon careful examination. Microscopic examination or die green 
zone shows the presence of many discolored corpuscles, hut in /J-hcmohtic 
zones corpuscles cannot lx.* found. 

The relation between blood-plate hemolvsis and the filterable hcmoljsins is 
usually regarded as uncertain, for. although microorganisms hemolytic on 
blood plates frequently do not appear to produce filterable hemolysin, some 
workers maintain that, since filterable hemolysins arc difficult to demonstrate, 
failure to find them is not significant. It would appear that the processes 
involved arc different, in the case of the filterable hemolysins the permeability 
of the red cell is altered and the hemoglobin escapes into the surrounding 
fluid, while in blood-plate hemoljsis the pigment is broken down to green or 
colorless compounds. In the case of the cholera vibrio the two processes have 
been sharply differentiated, 20 smcc the identification of this organism is de- 
pendent in part on the hemolvsis of goat erythrocytes in suspension (Grieg 
test), though the true cholera vibrio is negative to this test, some strains s iow 
hemolysis on blood agar plates. Van Loghem has distinguished between tie 
hemolysis of goat erythrocyte suspensions and what he has termed heimx iges 
tion on blood agar. On the other hand, there appears to be a close association 
between /2-hemolysis and streptolysin O. Green hemolysis was formerly t mug it 

** Bernheimer and Cantoni: Jour Exp Med., 1945, Si -295, 307. 

> 8 de Kruif and Ireland. Jour. Inf. Dis., 1920, 26*285 
Brown: Rockefeller Institule for Medical Research, Monograph ’ 

’° Especially by van Loghem sec Centralb! f. Baht., I Abt Ong , 19 . 
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and Hektoen and Boor (1931), on the other hand, have recorded results which indicate 
a far less restricted range of activity. The latter observers immunized rabbits 

by repeated intravenous 
injections of mixtures 
containing large numbers 
of different antigens, each 
in a relatively pure state. 
These included htemo- 
globin from the ox, cat, 
dog, hog, horse, man, 
sheep and turkey, horse 
pseudoglobulin, serum 
albumin from chicken and 
man, egg albumin and 
other constituents. One 
of the mixtures contained 
14 different antigenic con- 
stituents, the other 35. 
Precipitins were produced 
against almost all the 
antigens injected, and in 
Fro. 233. most cases to high titre. 

Antitoxin production in tho horse : showing difference In the case of antitoxins 
between primary and secondary response. the careful work of Glenny 

(After Glcnny and Sudmcrsen.) an( j ^ colleagues (Glenny 

1925a, Glenny, Hopkins 

and Waddington 1925, Glenny and Waddington 1920, 1928) makes it clear that the 
simultaneous injection of several antigens may considerably reduce the titre of anti- 
toxin obtained. It seems probable, as Glenny suggests, that this “ crowding-out ” effect 
is particularly prone to occur when any one antigen is present in great excess. In guinea- 
pigs inoculated with tetanus toxoid mixed w itli a second antigen— either diphtheria toxoid 
or a typhoid vaccine — Barr and Llewellyn- Jones (1953) demonstrated a crowding-out of 
the tetanus antitoxin response when the animals already had a basic immunity to the 
second antigen, as a result of which the second antigen induced a substantial secondary 
response that apparently occupied most of the animals’ capacity to synthesize antibody 
(see also Barr and Glenny 1952) 

Bjomeboe (1941, 1943, 1945) immunized rabbits with vaccines containing from one 
to eight types of pneumococcus, which were given every second day for 8 mouths; the 
antibody production per type was the same for mixtures up to three types, a,.d became 
progressively weaker as the number of antigens increased. When the “ ceiling ” values 
of scrum antibody were attained, all the scrum globulin appeared to consist of antibody 
With liypenmmumzation the globulins might rise to over seven times the normal value , 
this was accompanied bj r an apparently compensating decrease in serum albumin. The 
separate antitoxic response of rabbits to mixtures of diphtheria, tetanus and staphylococc 
toxoids (Ramon and Richou 1940) and of diphtheria and staphylococcal toxoids given 
intranasally (Sato and Kodama 1940) was found to be similar to that following injections 
of the single antigens. 

In man, a combination of two or more antigens is reported by some to have a synergic 
effect, each antigen being more effective in combination than alone. For example, synergic 
effects are recorded for mixtures of diphtheria and tetanus toxoids, with and withou 
typhoid vaccines (Sacquepee, Pilod and Jude 1936a, 6) ; for staphylococcal and diphtheria 
toxoids (Kodama, Sato and Hata 1940) ; for tetanus toxoid and typhoid vaccines (R*®®” 
1936, Maclean and Holt 1940 ; see also Grasset and Girdwood 1940, Fraser d al. 19 1 * 
for diphtheria and tetanus toxoids (Bigler and Werner 1941), and for these two toxoi 
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to be due to the formation of methemoglobin and associated with the forma- 
tion of hydrogen peroxide, but it has been found 21 that the green substance is 
an iron-containing denvathe of hemoglobin \ery possibly formed by reduc- 
tion The mechanism of 0-hemolysis is not well known, but in the case of 
staphylococcal hemolysins, the hemoglobin is not destroyed; according to 
Christie and Graydon 10 the clearing around the colony is due to migration of 
the liberated hemoglobin. As in the case of the filterable hemolysins, hemolysis 
on blood agar is frequently species-specific; a higher proportion of bacterial 
strains will show hemolysis on blood from one animal species and not on that 
of another. 

The relation of ability to form hemolysin and virulence is obscure. Al- 
though among some of the parasitic bacteria such as streptococci and staph) - 
lococci, virulence is associated with hemolytic activity, a number of sapro- 
phytic bacteria also produce hemolysins. On the other hand, it has been 
reported that in staphylococcus infections of the udder, the hemolytic strains 
arc much more irritating than the non-hcmolytic organisms It might be 
expected that infection with actively hemolytic bacteria would be accompanied 
by anemia and hemoglobinuria but this is not the case, as a rule; infections with 
Clostridium welchu, however, arc frequently characterized by a gross blood 
destruction and consequent severe anemia and jaundice which is due to the 
continuous release of the hemolytic a-to\in (p. 581). It is also not unlikely that 
hemolysins may exhibit toxicitics other than that of the lysis of erythrocytes, as, 
for example, in the case of the cardiotoxic action of streptolysin O noted abo\e. 

Leucocidins. A number of bacteria, notably staphylococci, streptococci 
and pneumococci, form leucocidins, substances which kill and, in some cases, 
lyse, polymorphonuclear leucocytes. The death of the leucocytes results in the 
inability of these cells to reduce methylene blue, a phenomenon made use 
of by Neisser and Wcclisbcrg 22 and others to demonstrate the activity ot 
these substances A direct microscopic method has been introduced 21 which 
has shed some light on the effect of these substances on the white blood cell. 

I lu man and rabbit Icucocy tes in contact with lcucocidin become spherical, the 
nuclei fragment and the cells may, with some leucocidins, eventually burst or, 
with others, remain intact. 

Tlic amount of lcucocidin produced hv one bacterial species may vary widely 
from one strain to another, and a single strain may produce more than one 
lcucocidin The detection of more than one lcucocidin is dependent upon 
differences in thermostability and in the kind of leucocytes attacked, one 
staph) lococcnl lcucocidin, for example, affects both rabbit and human Icuco- 
c\ tes, while another is acme only on rahhit cells. In general, the leucocidins 
closeh resemble the filterable hemolysins in that they are antigenic, variable 
in their heat resistance, etc., and. in some cases, mav be identical with hemol- 
wms. The a-hemolysin of staphylococcus, for example, is a lcucocidin. 2 * They 
nnv not lie strain specific; some of the staphylococcal leucocidins. for example, 

11 Cf. Anderson and Hart* Jcmr. Path, and Pact., 1934, 39 465. 

** Ncmcr and Wcchtbcrj; Zttchr. Hjg. u. InfcktiomVr . 1901, 36 299. 

11 Valentine. Lancet, 1936, i 526. It should l»e pointed out iliat »t «t claimed Irv tom- 
ttoilrrt that the Icticncidin letted h> one method it tux the tame at that tewed liv the 
other. 

*' Wright I jneet. 1046. i 1002. 
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antigenic material is not limited to the production of diphtheria antitoxin, though 
it is particularly well marked in this case. Fig. 25G shows a similar response to 
an injection of horse serum m a rabbit which had previously been injected with 
that antigen, but whose precipitin titre had since sunk to zero. 

The same holds true, in regard to the comparative titre attained, though not 
in regard to the prolonged induction period after the primary stimulus with large- 
particle antigens, such as bacteria. Table 81 sets out the primary and secondary 
response of rabbits to the intravenous injection of 10 5 Salrn. paratyphi B per kilo, 
body weight. It will be noted that the titres given are not the maxima attained 
but the average titre during the 50 days after inoculation. This value was selected 
because the curve of agglutinin titre after a secondary inoculation tends not only 
to rise higher than after a primary injection, but to remain high over a longer period. 

These three arc examples with protein antigens. Not all antigens stimulate a 
secondary response Burnet and Freeman (19381, for example, could induce no 
secondary rise of antibody in rabbits primarily and secondarily stimulated by 
intravenous injection of Q fever nckcttsisc. Heidelberger and his colleagues 
immunized man with the type-specific pneumococcal polysaccharides. After a 


TABLE 81 

SnowiNa the Averaqe Titbe over a Period of BO Days after Primary and Secondary 
Injections into Rabbits OF 10 s Salm. paratyphi B per k.b.w. 


Rabbit. 

Primary Average 
litre. 

Interval between 1st 
and 2nd injections. 

Secondary 

Average Titre 

Rll .... 

280 

147 days 

2,720 

R19 .... 

37 

147 „ 

1,720 


130 

147 „ 

430 

R30 .... 

130 

133 „ 

1,230 

R31 .... 

91 

133 „ 

1,230 

R33 .... 

110 

133 „ 

2,010 


small primary inoculum the serum content of specific antibodies rose slowly lor 
several weeks, remained high for 5 to 8 months, and dropped to 20-50 per cent, 
of this maximum value in the next 3~G years. A secondary inoculum had little 
effect after eight years, except in a few subjects with a low titre of antibody, and 
even here the effect was slight (Heidelberger et at. 1946, 1950 ; but see Murray 
ct al. 1950) 

The difference between the primary and secondary response is sufficiently 
obvious and needs no comment. With very small doses there may be no detectable 
primary response, antibodies failing to appear till after the second or later injection 
of a bacillary suspension, as illustrated in Table 82. 

Burnet (1941) has emphasized a distinguishing feature of the secondary response 
that is especially obvious when the stimulating dose of antigen is given intra- 
venously. In the secondary response to staphylococcal toxoids, herpes virus and 
a bacteriophage, after a delay of 1 to 2 days, the antibody content of the serum 
increased exponentially with regard to time, until the maximum level was 
approached, when the rate of increase in antibody content gradually diminished 
to a low value. In Fig, 257, for example,, where the staphylococcal antitoxin 
content of the serum is plotted logarithmically, the curve is practically linear from 
the 2nd to the 4th day (see also Holt 1951). * 
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are immunologically similar if not identical regardless of the bacterial strain 
from which they are derived. 23 

The part played by the leucocidins in the virulence of a bacterium is obscure. 
Theoretically, it should be of some advantage to an invading microorganism to 
be able to destroy these phagocytic cells and thereby break down, to some 
degree, the defenses of the body. The polymorphonuclear leucocytes (hetero- 
phils) are not, however, the most important cells in the phagocytic destruction 
of bacteria (p. 294), and the effect of these substances on the other phago- 
cytic cells, the mononuclears, the histiocytes and others is not known. As in 
the case of the hemolysins, the leucocidins of bacterial origin must be dif- 
ferentiated from the immune leucocidins, those produced by the animal body 
in response to the injection of leucocytes from another species. 

Coagulase 20 and Fihrinolysin, The formation of blood clots' is acceler- 
ated by a substance, coagulase, formed by some bacteria, and the clots formed, 
either with or without the acceleration of this substance, may be dissolved by 
other substances of bacterial origin, the fibrinolysins. The production of co- 
agulase, is, so far as present information is concerned, confined to the staphy- 
lococci for the most part, and may be causally related to the thrombi that are 
common in infections with these organisms. Occasional strains of other organ- 
isms such as Pseudomonas pyocyaneus, Bacterium prodigiostm, Bacterium colt 
and Bacillus sttbtilis have, however, been observed to accelerate the clotting of 
blood. Coagulase activity is demonstrated by the addition of bacteria to citrated 
or oxalated blood plasma (usually rabbit), which gels within three hours. Cell- 
free coagulase has, however, been prepared from plasma cultures of Staphylo- 
coccus aureus. s 7 Coagulase is regarded by some as a precursor of a thrombin- 
like substance and requiring an activator present in some, though not ail, 
plasmas. 28 Unlike coagulase, the thrombin-like substance is thermolabile. The 
clotting produced by coagulase is not, however, inhibited by “antithrombins 
such as heparin or hirudin. The activity is not filterable and is relatively 
thermostable; it is only partially destroyed by exposure to 100° C. for thirty 
minutes. Other properties such as precipitation with alcohol and acid and am- 
monium sulfate and inactivation with trypsin and pepsin suggest a protein 
nature. Its antigenicity is uncertain. The relationship of coagulase to virulence 
is obscure, although it is often said that there is no association between the two. 
It would seem that the property of accelerating the clotting of blood might, on 
the one hand, be unfavorable to further invasion of the host tissues by a micro- 
organism forming this substance, and, on the other, servers a temporary 
protection against the defenses of the host. Hale and Smith 29 have observed 
that coagulase-producing staphylococci are less susceptible to phagocytosis w 
the presence of plasma than are coagu lase-n ega ri ve strains, presumably 3 rcsU £ 
of coating the bacteria with a film of coagulum. 

25 For a general study of these substances see Todd Brit. Jour. Exp- Path., 1942, 23 


28 For a summary of information regarding coagulase see the review by Blair Ba 
Rev.. 1939, 3*97 

2r Lorainsii Nature, 1944, 154 640 - 

28 Smith and Hale. Brit Jour Exp Path., 1944, 25--I01. - 7 

28 Hale and Smith Brit. Jour. Exp. Path., 1945, 26 209; 1947, 28-5/. 
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It is probable that secondary responsiveness lasts for some time after serum 
antibody is no longer detectable. Murray, Ofstrock and Snyder (1952) found that 
secondary responsiveness to typhus vaccine in man might last for 5 to 6 years. 

TABLE 82 

Showing the Highest Tithe attained after 1st, 2nd and 3rd Injeotions of 10* Salm. 
paratyphi B ter K.B.W. 



1 

Highest Titre 

Interval be- 

Highest Titre 


Highest Title 

Rabbit. 

after 1st 
Injection 

tween 1st and 
2nd Injections. 

arter 2nd 
Injection. 

tween 2nd and 
3rd Injections 

after 3rd 
Injection. 

RIG . . 

^ 0 

28 days 

8 

92 days 

40 

R32 . . 

0 

28 „ 

32 

92 ,, 

319 

R4G . . 

0 

28 „ 

7 

92 „ 

20 

R47 . . 

1 0 

28 „ 

0 

92 „ 

0 


800- 


400 


It must not be supposed that the differences between a primary and secondary 
response are always so clear-cut as those depicted here. The curves may, however, 
be regarded as giving a true picture of the kind of differences observed. It will be 
noted in Figs. 258 and 259 that the primary response may be quite brisk and result 

in a high titre of aggiu- 

=Injection tinins. This, for in- 

stance, is the usual 
experience as regards 
the production of H 
agglutinins in response 
to the injection of an 
optimal dose of flagel- 
lated bacilli. 

We have seen that 
increases in the dose 

of antigen administered 
at a single injection are 

subject to the law of 
diminishing returns : in 
just the same way the 
repetition of injections, 
beyond a certain num- 
ber, is usually found to 

eo ,20 160 zoo PfrJrS* 

Time, m Days „ 

„ cessive dose. When 

Fio. 259. the titre of a particular 

Aeslulimn production : response of an umnoculated person to a , . n 

singh injection of typhoid vaccine. antibody has Deen 

forced up to a certain 

level, which varies widely with the nature of the antigen employed and the 
responsiveness of the animal injected, it becomes impossible to induce any 
further rise in the concentration of antibody in the circulating blood. 

Fig 261 (p 1275) shows the effect of repeated subcutaneous injections of typhoid 
bacilli in a rabbit (Goldberg 1901). Each successive injection raises the agglutinin 




Coagulase and Fibrinolysin 2 1 1 

Fibrinolysin* 0 Perhaps more important to the virulence of a bacterium is 
the ability to dissolve formed blood clots through the agency of fibrinolysin. 
It has been observed that if a small amount of bacterial culture is mixed with 
oxalated plasma and the latter allowed to clot by the addition of calcium 
chloride, the fibrin clot may be dissolved within a short time as a result of 
bacterial activity. The activity may be titrated by determining the highest 
dilution that will lyse a fibrin clot in one hour at 37° C. At present it appears 
that the ability to bring about this lysis is confined to certain groups of strepto- 
cocci, although other bacteria such as staphylococci, the plague bacillus and 
others have been described as fibrinolytic. Like the hemolysins, the fibnno- 
lysins appear to exhibit some degree of specificity with respect to the source of 
the fibrin, streptococci isolated from human infections, for example, will lyse 
clotted human plasma more rapidly than plasma clots from other animals. 
Fibrinolysin appears to fall into the same general category as the toxins, hemol- 
ysins and the like in that it is found in culture fluid freed from bacterial 
cells, appears to be protein in nature, and is antigenic. Fibrinolysin is, how- 
ever, distinct from these other substances; although a high correlation has been 
observed between the occurrence of filterable hemolysin and fibrinolysin, in 
many cases a bacterial strain is able to bring about the dissolution of erythro- 
cytes but not solution of clots, and rite versa. 

The nature of the lytic process has been of some interest, and it has been 
found 11 that fibrinolysin is an activator of an inactive proteolytic enzyme or 
“lysin factor” present in the serum. Thus the term fibrinolysin is a misnomer, 
and possibly the active enzyme should be termed "plasmin ” In any case, the 
ly tic process is accompanied by an increase in amino nitrogen and other mani- 
festations of proteolysis 

Fibrinolysin is antigenic and fibrinolysins from different strains of bacteria 
appear to be \ery similar if not identical immunologically. Antisera specifically 
inhibit the activity and the occurrence of anti-fibrinolysin in the scrum has 
been useful as an indicator of past infection with fibrinolysin-positive strepto- 
cocci. 

It should be noted here that a number of bacteria exhibit a tendency to 
inhibit the clotting of plasma, a property that may be demonstrated by delay- 
ing the addition of calcium to the oxalated plasma; when calcium is added after 
a period of preliminary incubation, the clot fails to form This property has 
been most often demonstrated with cultures in dextrose broth, and in some 
cases, at least, the failure of the plasma to clot is a result of the presence of 
lactic and other acids formed in the fermentation 

Fibrinoljsm appears to be closely associated with virulence and particularly 
with the ability to invade the body tissues. Since one of the first reactions of the 
Ixxly to tissue destruction is the formation of blood clots which tend to wall off 
and isolate the infected region, it is not surprising that a bacterium capable of 
lysing these clots should show marked tendencies to extensive tissue invasion 
The streptococci arc among the most invasive of the pathogenic forms, and this 

'“See the review b) Tilletl Ract ttev.. 1938,2 161. 

41 See Chmtemen Jour. Gen Phvsiol , 1945, 28.363, 559. Holmbcrg. Arkis Kcmi 
Mineral. Geo!., 1944, 17/1 8. 
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of adjuvant substances to the antigen. With regard to the route of immunization, 
it is generally held that antigens in the form of large particles, like bacteria or 
animal erythrocytes, are most effective when given intravenously (see, for example, 
Marinelli 1937), whereas soluble antigens are best given into the tissues. If a 
soluble antigen is attached to coarsely particulate matter, it may be most effective 
by the intravenous route (Freund and Bonanto 1941). A probable cause of the 
relative inefficacy of intravenously injected soluble antigens is their rapid elimina- 
tion from the body. The same factor probably diminishes the stimulus of antigens 
injected into the tissues, for most of the procedures that increase antigenicity 
appear to act by hindering the release of antigen from the injection site. 

Variation in the volume of the Inoculum* — The experiments of Hartley (1935) indicate 
that the total volume of an immunizing injection, as well as its content in antigenic material, 
has a significant influence on the antibody response. A series of guinea-pigs were injected 
with a constant dose of diphtheria toxoid made up in a total volume of 0 5 ml. or 5 0 ml. 
of saline. In repeated tests it was found that the animals receiving the larger volume 
gave a far better immunizing response. Timmerman and Brand wijk (1936a, 6) confirmed 
Hartley’s results. Schmitz (1938), however, repeated the test in medical students, and 
found no difference either in antitoxin response or in the rate at which antitoxin disappeared 
from the blood. 

Dispersal of the Inoculum through the tissues.— A stimulation of response resembling 
that of Hartley (1935) may be obtained by subdividing a dose of antigen into several 
smaller doses and injecting each into different sites in the animal. The response is greater 
than that produced by the wholo dose administered singly (Ramon, Lemetayer et al. 1937, 
Miles and Pirie 1939). 

The addition of adjuvants.— Adjuvants are usually intended for injection into the 
tissues, and are for the most part mildly irritant substances. Alum is one of the most 
widely used adjuvants. It was introduced by Glenny and his colleagues (Glenny et al. 
1926) for improving the antigenicity of diphtheria toxoid, but has since been applied to 
other toxoids and to bacterial vaccines like those of II. pertussis (Chapter 74). Aluminium 
hydroxide is also effective (Hcktocn and Welker 1933). Other successful adjuvants are 
lanoline in oil, cholesterol, Balts of calcium and magnesium (Ramon el al. 1935) ; tapioca 
(Ramon 1937, 1939, Schmidt and Steenberg 1936) ; bacterial products like typhoid vaccine 
(Ramon 1936), staphylococcal toxin (Burky 1934, Swift and Schultz 1930) ; tubercle 
bacilli (Freund and McDermott 1942) ; serum containing lieterophile antibodies (Kalinin 
et al. 1935). Both Glenny and Ramon attribute the action of alum and tapioca respec- 
tively to the stimulation of tissue lesions, from which the antigen is slowly liberated, thus 
providing a prolonged and continuous antigenic stimulus We noted in the previous 
section that II. pertussis itself may have an adjuvant action. Br. abortus is also effective 
(Ramon el al 1950). 

The lesion produced by a single injection of alum -precipitated diphtheria toxoid « 
apparently the chief source of antigen for some time after its formation. Thus Blagowe- 
chensky (1938) excised the lesion made by alum-toxoid at varying intervals after its 
formation in the skin of guinea-pigs and found that, within a period of 10-20 days, th e 
degree of immunity reached depended almost entirely on the length of time the lesion 
had remained in the body. 

The adjuvant effect has also been attributed to the high absorptive capacity. of the 
substances employed. Aluminium hydroxide, for example, will absorb proteins in vitro 
(Hektoen and Welker 1933, Cohen and Mosko 1943, Holford, Ludden and Stevens 1943). 
Farago and Ujhclyi (1942) injected groups of guinea-pigs with diphtheria toxoid alone, 
with toxoid and Al(OH) 3 in the same injection sites, and with toxoid and Al(0H)j w 
different sites- The average antitoxin responses in unit per ml. after four weeks were 
9 005, 0-4 and 0 02 respectively. In the last group the toxoid was apparently absorbe 
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phase of their virulence may be attributed in part to the formation of fibrinol- 
ysin. 

Hyaluronidase (Spreading Factor, Invasin) .** It has been found in 
recent years that the permeability of the tissues is remarfcedly increased by a 
factor, often called the Duran-Reynals factor after its discoverer, present in 
certain mammalian tissues, notably the testes. Bacteria, vaccinia virus, and 
substances such as toxins, india ink and the like, diffuse rapidly from the site 
of inoculation when injected in conjunction with extracts containing this 
factor. Strains of staphylococci and streptococci that have no pronounced 
invasive powers may, in this way, be rendered highly invasive. This factor is 
also present in a number of bacteria notable for their invasive properties, such 
as certain strains of staphylococci and streptococci, pneumococci and certain of 
the obligate anaerobes such as the bacillus of gas gangrene. Among some of 
these organisms there is some degree of association between content of the 
Duran-Reynals factor and virulence; the non-invasive strains of staphylococci 
noted above contain little or none of this factor but become invasive when it is 
supplied, while the invasive strains produce the factor themselves. This sub- 
stance has been found to be an enzyme, hyaluronidase, whose substrate is 
hyaluronic acid, a mucopolysaccharide consisting of acetyl glucosamine and 
glucuronic acid, which acts as a cement substance of the tissues and is found 
m synovial fluid and elsewhere in the body. The action of the enzyme in de- 
creasing the viscosity of hyaluronic acid by hydrolysis is responsible for facili- 
tating the penetration of the tissues by bacteria that produce it. The effect on 
the tissues is temporary in that, following inoculation of preparations of the 
enzyme, the dermal barrier is restored partially in twenty-four hours and com- 
pletely in forty-eight hours. 33 It is of some interest that hyaluronic acid is 
also found in the capsular substance of some strains of streptococci. Such 
strains do not produce hyaluronidase and in its presence are denuded of cap- 
sules and more readily phagocytosed (see below). The ability of such strains 
to invade the tissues does not, of course, depend upon their elaboration of 
hyaluronidase. The activity appears to be antigenic, in that it is neutralized by 
antisera, but immunologically distinct from different sources; it has been sug- 
gested that the enzyme is combined with different proteins in different organ- 
isms. 

Hyaluronidase is antagonized by an enzyme present in normal blood plasma 
which has been called anti-invasin I. An enzyme in bacteria, pro-invasin I, de- 
stroys anti-invasin I, and another enzyme in plasma, anti-invasin II, destroys 
pro-invasin I. It has been suggested that a balance between all these in the 
host-bacterial system determines whether or not invasion of the tissues wi 
occur. 34 . 

Capsules. The remarkable association between the presence of a capsu c 
on a pathogenic bacterium and its virulence has been discussed elsew ere 
(Chapter 6). The capsular material, generally polysaccharide in nature a 

32 Cf. the reviews by Duran-Reynals: Baer. Rev., 1942, 6*197, and by Meyer. Ph) siol. 
Rev., 1947, 27:335. 

33 Hechter Proc. Soc. Exp. Biol. Med. 1948, 67:343 

3* H aa * Jour Biol. Chem., 1946, 16 3:63, 89, 101. 
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antigens wcie given without adjuvant. In the granulomata, the antigens were detectable 
in macrophages ; and these were devoid of antibody. 

It is generally believed that many adjuvants act by diminishing the rate at 
which antigen is released from the site of inoculation, or from cells which have 
taken it up With Freund’s adjuvant, Hcrdegen, Halbert and Mudd (1917) re- 
corded the persistence of Sh.flexncri antigen at the injection site in mice for over 
20 days , and Talmagc and Dixon (1953) detected a large amount of serum globulin 
at a subcutaneous site 20-30 days after an inoculum which, given without adjuvant, 
largely disappeared within 5-10 days. The detoxifying action of many adjuvants 
is also consistent with the supposition of a slow release of a toxic antigen from 
a depot. Holt (1919, 1951) contends that A1P0 4 adjuvants promote the transport 
of toxoid antigens to the antibody-synthesizing cells ; and that, because excision 
of the inoculation site in guinea-pigs after 14 days did not diminish the later anti- 
body response, the fibrous reaction round tho site, far from forming depots for 
slow release of antigen, must be sufficiently occlusive to prevent any release at all 
Freund (1951) confirms this absence of a prolonged depot effect in rabbits gi\en 
mixtures of Ins adjuvant and typhoid bacilli ; excision of the injection site half 
an hour and eight days after injection decreased but did not eliminate the adjuvant 
effect, and excision after 14 days failed to modify it at all. 

Slow release of antigen, or at least a more widespread and prolonged stimulus, might 
bo expected to impose a secondary response on what starts ns a predominantly primary 
stimulus (see Holt 1051). However, the merging of a primary and secondary response 
alono will not m all cases account for the action of an adjuvant. For example, when plain 
antigen is given intravenously to animals previously injected with adjuvant and antigen, 
a conspicuous rise in antibody titre occurs, indicating that tho antigen slow ly released 
after the first injection had not elicited all tho secondary responsiveness of which the 
animals were capable (Freund and Bonanto 1942, Ward et at. 1950). 

Mann and Welker (1949) record a curious adjuvant effect that can he induced in dogs 
by generally intoxicating the animals with egg white or ricin, injected by another route 
at the tune of giving the antigen. 

The Negative Phase. — Just as the injection of a considerable dose of a particular 
antigen into an animal that possesses a corresponding normal antibody may result 
in a temporary decrease in the concentration of that antibody in the circulating 
blood, the injection of a large dose of antigen into an animal that has already 
developed a certain concentration of antibody in response to earlier injections may 
be followed by a well-marked negative phase, which is usually followed in its turn 
by a rise in titre above the previous level. An illustrative example is afforded by 
the response of an immunized rabbit to two injections of horse scrum, given intra- 
venously at an interval of 5 days (Fig 262, p 1275). The importance of avoiding 
this negative phase in therapeutic immunization was emphasized by Wright an 
his co-workers (Wright 1909), though others maintain that in these circumstance 
there may be little diminution in the total immunity. 

Stavitsky (1952) observed, in rabbits immunized with bovine globulin and given intra 
venous antigen, a diminution in the blood of specific antibody, granulocytes and comp e* 
ment, and a decrease in the capacity of tho R.E. system to remove bacteria from the bloo 
results which suggest a temporary decrease in the antibacterial defences. 

Schutze (1939) infected mice with a dose of Salm. typhi-murium sufficient to kill 50 pe r 
cent, of tho animals in about 14 days. The injection of four substantial daily doses o 
specific vaccine of proved efficacy, beginning on the second day of the disease, di 
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though nitrogen and ammo acids may be present, is not in itself toxic and 
cannot be regarded as analogous to toxins, hemolysins and similar substances. 
Rather the capsule appears to function as a defensive mechanism of the bac- 
terium against the phagocytic activity of the leucocytes. Encapsulated bacteria 
may be ingested by a white blood cell but, instead of being hilled and digested, 
remain within the phagocyte for a time and then may be extruded in a viable 
condition. The ability of an encapsulated bacterium to resist phagocytic destruc 
tion may, in fact, result in a wider distribution of the microorganism than 
it might otherwise attain, through transport within the phagocytic cell It is of 
some interest in this connection that non-encapsulated, a virulent pneumo- 
cocci are highly virulent for rabbits deprived of their leucocytes 3 ' It is per- 
haps suggestive that the polvpeptide material making up the capsule of the 
anthrax bacillus contains d(— ) glutamic acid 36 (p. 556). Since proteolytic 
enzymes attach only polypeptides built up from amino acids of the I-serics, 
possibly an encapsulated anthrax bacillus would be highly resistant to the di- 
gestive enzymes of a phagocytic cell. 

Whether the association of virulence and capsule formation may be entirely 
accounted for on the basis of bacterial defense against phagocytic destruction 
is not entirely certain, but such defense undoubtedly plays an important part 
The presence of antibodies to the capsular substance breaks down this bac- 
terial resistance, and immunization to the capsular material of the pneumo 
coccus, for example, produces just as high a degree of immunity to pneumo- 
coccus infection as immunization to the entire bacterium. 

Miscellaneous Factors. In addition to these more or less well defined 
and better known factors, a number of bacteria have been reported to produce 
substances which may be associated with virulence. Such, for example, are the 
necrotizing factor, or necrotoxin, produced by some staphylococci, which kills 
tissue cells, a hypothermic factor produced by Shiga dysentery bacilli, which 
lowers body temperature, an edema-producing substance formed by pneumo- 
cocci, substances associated with the endotoxins of some of the enteric bacteria 
which affect the blood sugar levels of animals, and so on Unfortunateh, 
the discontinuous character of present information does not support any satis- 
factory generalization regarding bacterial virulence, but it seems clear that a 
pathogenic bacterium may have at its disposal a series of mechanisms, in com- 
bination peculiar to itself, which make possible a successful invasion of the 
tissues of the host 

In this connection it should be noted that bacterial virulence may be appar- 
ently cnchanccd by certain substances not of bacterial origin. The presence 
of silica in the lungs, for example, predisposes materially to pulmonary tubercu- 
losis, the injection of calcium salts with tetanus bacilli aids, in some unknown 
manner, in the establishing of a nidus of infection. The suspension of bac 
icria, such as meningococci or typhoid bacilli, in solutions of gastric mucin 
markedly enhances their virulence, or, more precisely, interferes with the 
defense mechanisms of the host. It has been found that in the case of the 

s 5 Rich and McKee: Bull Johns Hopkins llosp, 1939. 64.434 

'"‘Bruckner and Itanovics- Ztschr. f. phssiol. Chcm- 1937, 247-281. Ztschr Im 
munitSts. 1937, 90 304. M, 1937, 91:175. Natumwscnschafren. 1937. 25 250. 
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The Response of the Antibody-forming Apparatus to the Administration of Antigens 
otherwise than by Injection into the Tissues. 


In defining the properties of an antigen on p. 223, it was stated that it 
should stimulate the formation of an antibody when introduced parenlerally 



Fio. 2C0. 

Agglutinin production s response of a previously inocu- 
latcd person to a single injection of typhoid vaccino. 


into the body. This caveat 
was included in the definition 
because administration via the 
intestinal tract docs not ensure 
the passage of the antigen 
to the tissues in an unal- 
tered and effective form. It 
may be broken down by the 
digestive enzymes. If it is not 
acted on by them it may never 
pass through the intestinal 
mucosa. Whether, in fact, any 
particular antigenic material 
administered by this route 
reaches the tissues in an un- 
altered form can only be deter- 
mined by direct experiment. 
The available evidence suggests 
that some bacterial antigens, 
but not all, induce the formation 
of specific antibodies when ad- 
ministered by the mouth. 


Thus, tho administration per os of killed suspensions of flagellated bacilli of the typhoid- 
paratyphoid group results in tho production of somatic (0) agglutinins, but flagellar ( J 
agglutinins are either not produced at all, or only to low litre (Pijpcr and Dau 1930, ,r ^en 
wood, Topley and Wilson 1931). Tho same difference between tho formation of H and v 
agglutinins appears to hold in tho case of tho cholera vibrio (Tfeiffcr and Lubins 
Dysentery bacilli, when administered by the mouth, induced the formation of ww» a 
agglutinins (Kanai 1921, Otten and Iurschner 1927) and of protective antibodies ; thoug 
with Sh. sonnei in mice, n single doso of 10’ bacilli mtrapcritoneally proved to be as effective 
in stimulating their formation as 15 daily doses of 10 9 bacilli by stomach tube ( oopc 
et al 1949). It is probable that analogous effects are produced by many other ac eri 
cells (sec for instance Ross 1926, 1930, 1931, 1932, 1934, Downs and Bond 1937, Jloor a 
Brown 1937, Tonkata and Imaizuini 1938). The Vi antigen of the typhoid bacillus P 
pears to be ineffective by the oral route Guarnacci (1939), for example, o tame ^ 
H and O titres in 68 per cent, of 227 persons given an oral vaccine of a (\ i + 0) strain, 
no Vi agglutinins. . j 

In man, Greenberg and Fleming (1950) induced moderate antitoxin responses y 
diphtheria and tetanus toxoids, giving doses of 2,000 Lf or more of each an igen 
In all cases it would seem that administration per os is far less effective than mocu * ^ 
into the tissues, in the sense that much larger doses have to be given and the an i 0 y 
attained is usually lower ; and that it has little practical value in medicine ( o man 
As regards other routes of entry, Stillman (1927, 1930) has Bhown that protec ive 
bodies are produced in rabbits after the administration of living pneumococci y * n a ® ^ 
but hero we may be dealing with an active infection and consequent tissue invasion y 
bacterial cells. 


The Relation of Bacteria to Disease 
meningococcus the mucin interferes with the bactericidal action of the body 
fluids and, when mixed with peritoneal fluid, prorides a medium for its 
growth.* 1 

Relative Pathogenicity of Bacteria. From the foregoing considerations 
it will he clear that the virulence of a bacterium is an expression of the 
efficacy of the aggregate of offensive mechanisms that it may possess. It is to 
be expected, then, that the bacteria constitute a continuous series of types 
ranging from those which are unable to infect higher organisms, such as the 
autotrophic forms, to those which produce a fulminating, widely disseminated 
and often fatal infection. The harmless saprophyte, Bacillus subtihs, for ex- 
ample, has been found to cause, on occasion, an eye infection in human 
beings (see also p. 565}, and the saprophytic microorganism, Bacterium pro- 
digiosum which is frequently used as a test organism in part because of its 
non-pathogenicity, has been found to produce disease following inhalation.®' 1 
Somewhat more pathogenic is Clostridium botuhnum, an organism which is 
also a saprophyte but which produces a highly potent soluble toxin. The bac- 
terium is itself unable to infect the animal body; the toxin is formed outside 
the body and gives rise to disease only when ingested in a preformed state . Clo- 
stridium tetmii is one step higher in the scale of pathogenicity; this micro- 
organism resembles the botulinus bacillus in that it is essentially a saprophytic 
form that produces a soluble toxin. In this case, however, the bacterium is 
able to establish a nidus of infection in the tissues, albeit in a strictly localized 
area, and produce the toxin whose absorption gives rise to the symptoms of the 
disease. The diphtheria bacillus likewise generally produces only a local infec- 
tion from which its toxin diffuses into the animal body but, unlike the tetanus 
bacillus, does not lead a saprophytic existence in nature but must maintain a 
close association with its host. The highly invasive bacteria, such as certain 
stains of streptococci and staphylococci, are, however, disseminated rapidly 
throughout the body , presumably because of their armament of fibrinolysins, 
spreading factor and the like. 

A variety of types of infection may, therefore, be distinguished. A bacterium 
having but small ability to spread through the tissues produces a localized or 
focal infection Such, for example, are the abscesses at the roots of the teeth, 
the infection of the heart valves in bacterial endocarditis, etc. A local infection 
is not necessarily of small consequence; not only may the local tissue destruc- 
tion be highly significant to the host, as in pulmonary tuberculosis, but, when 
the microorganism produces a soluble toxin, a poisoning or toxemia resu ts, 
as in diphtheria or tetanus. . 

Many pathogenic bacteria exhibit a tendency to localize in one tissue in 
preference to another, sometimes termed elective localization; the meningo- 
coccus, for example, most frequently localizes in the central nervous system, as 
do the so-called “neurotropic” viruses, and some of the streptococci show simi ar 
preferences for the joints. In some cases the tendency to localize is so mar e 
that a pathogenic bacterium is infectious by one route but not by anot er, 
microorganisms such as streptococci, pneumococci, the tetanus bacillus an 

s* MacLeod Amer Jour. Hvg„ 1941, See B 34:51. See OhtsU Bad, Rev., 1948 
12:149 L 

Paine Jour Inf Dis., 1946, 79 226. 
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or other cells. We have discussed in Chapter 7 the validity of the hypothesis that 
only proteins or protein-containing substances can induce an antibody response 
when injected into the tissues. It is clear that protein-free derivatives of fully 
antigenic substances not only act as haptens, but in some cases are themselves 
fully antigenic. There can be no doubt of the validity of Landsteiner’s broad 
distinction between complete antigens and haptens, or of the association between 
decreasing chemical complexity, or molecular size, and a progressive loss of antigenic 
function ; but it is not possible to predict at what stage in the degradation of a 
given antigen the complex will lose its full antigenic powers. In this connection 
it is instructive to consider the main type-spccific antigen of the pneumococcus. 

All the early studies on the purified polysaccharide components isolated from 
various bacteria, and in particular from pneumococci, suggested that these sub- 
stances had the properties of haptens, and induced no immunizing or antibody- 
forming response when injected into the tissues. But subsequent observations 
have disproved this view 

Schicmann and Casper (1927) reported that the purified specific polysaccliarido of the 
Typo I pneumococcus, when injected into mice, produced an active immunity against Jiving 
Type I pneumococci, but not against other types. They noted that this immunity was 
induced by the injection of small, but not of larger, doses. Schicmann (1929) recorded 
the immunization of mico by tho injection of Typo II pneumococcal polysaccharide, and 
noted that the blood of theso immunized mico contained protective antibodies ; though 
be was unable to demonstrate antibody production in rabbits. Francis and TiUett (1930) 
recorded observations suggesting that persons who were given repeated intradcrmal injec- 
tions of tho purified polysaccharide of Typo I, II or III pneumococcus developed a specific 
local responso which took tho form of an immediato wheal and erythema ; and that this 
responso was associated with tho oppcaranco of specific antibodies in tho blood. Similar 
observations have been reported by Finland and Sutliflf (1932) and by Zozaya and Clark 
(1932). Zozaya and Clark (1933) recorded tho immunization of mico with polysaccharide 
fractions from Typc3 I, II and III pneumococci, and noted that small doses were more 
cffcctivo than larger ones ; but their rcsuItB were irregular except when the polysaccharides 
were adsorbed on collodion particles or on carbon. 

Later studies by Avery and Goebol (1933) have throirn further light on this question. 
They were able to show that the Typo I pneumococcal polysaccharide, as it occurs in t e 
bacterial capsule, possesses acetyl groups. Theso groups are lost during tho separation 
and purification of the polysaccharido by tho methods which have been commonly etn 
ployed. The acetylated form was found to induco active immunity in mice, when it was 
administered in small, but not in largo doses. It did not induco antibody production in 
rabbits. Pneumococcal polysaccharides of various types were subsequently shown to 0 
highly effective in inducing the formation of protective antibodies in man (Heidelberg** 
el ttl- 1946, 1950). Analogous results liavo been recorded in animal experiments wit su 
stances from other bacteria. For example, in Salm. typhi and Br. tm litensis the lipopo 
saccharide 0-sub?tance is fully antigenic; whereas in Sh. dysenleritv the antigenicity o 
the O-substance is lost v hen the association between the polypeptide and lipopolysscc iiri 
moieties of the molecule is destroyed (Chapter 8). 

The Response of the Antibody-forming Apparatus to Active Infection. 

The examples given above all refer to the responso of the antibody-foruufle 
apparatus to the experimental injection of non-living antigenic substances. ^ 
may close this section with a few examples of its response to natural infections 
the clinically obvious type. For simplicity we may confine our attention to ac 
infections, noting, however, that in the case of subacute and relapsing disea 
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others are relatively harmless when swallowed but regularly produce infection 
when injected into the tissues of a susceptible animal. Others, such as the 
organisms causing typhoid fever, cholera, the dysenteries and other enteric 
infections, are harmless when rubbed into the abraded skin but promptly 
produce disease when swallowed by man. 

Bacteria present in a primary focal infection may spread by metastasis to 
set up multiple secondary foci, a condition known as pyemia Other bacteria 
may multiply in the blood stream, a condition known as bacteremia or septi- 
cemia, the invading bacteria may become widely disseminated through the 
capillaries of the tissues with the production of a fulminating, generalized 
infection. 

Infection is, however, in part a function of the defensive mechanisms of the 
host, and in some cases a bacterium capable of further spread is held in check 
by these defenses and sets up a latent infection which may flare up when 
resistance is reduced. Such an inconclusive outcome may result in the carrier 
state, a condition in which a virulent bacterium, fully capable of producing 
disease, is harbored by a healthy and unaffected host In this latter instance, 
however, the resistance of the host is not infrequently specific and a con- 
sequence of previous immunization 

Mixed and Secondary Infections. It has long been known that an 
individual might be attacked by two or more infective agents at one time. 
Diphtheria and scarlet fever, syphilis and gonorrhea, pneumococcus pneu- 
monia and typhoid fever, are combinations by no means unknown It is possible 
that in some cases the different infections may originate nearly simultaneously, 
but such an occurrence is probably not common Usually one infection pre- 
cedes another, and the second is very frequently a more or less direct outcome 
of the first. Infection with certain microorganisms predisposes to secondary 
infection with the pneumococcus; acute tuberculosis may develop during an 
attack of measles, streptococcus invasion of the lung tissues is not uncommon 
in pulmonary tuberculosis. The secondary invader is commonly present in 
the host, but seems incapable of initiating an infection until the host defenses 
are weakened by the primary disease Certain microorganisms that can cause 
primary infection are also frequently found as secondary invaders; pneumo- 
cocci and streptococci are preeminent in this respect, and show a remarkable 
capacity for invading the body in the wake of other microorganisms. 

Mixed infections of a somewhat different sort arc those in which the prin- 
cipal pathogenic organism is accompanied by auxiliary bacteria, or, as some 
Trench bacteriologists bate called them, Accomplices, which by their presence 
influence the virulence of the chief infectious agent without thcmschcs tak- 
ing any very active part in the infectious process. Such cooperation is. of course, 
an instance of bacterial s\ nergism which has been discussed previously. The 
aerobic bacilli which usually enter a wound along with tetanus bacilli probably 
facilitate the growth of the latter by providing anaerobic conditions. In other 
eases of mixed infections the invading bacteria may not influence one another 
directly hut only indirectly in a joint breakdown of the defenses of the host; 
such is presumably the case in mixed infections of diphtheria bacilli and strep- 
tococci, and there is reason to bclicic that such a mixed infection is more 
set ere than an infection with diphtheria bacilli alone~possibly spreading factor 
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formed by the streptococci increases the permeability of the tissues to the toxin 
formed by the diphtheria bacilli. 

RESISTANCE 

It is already apparent from the foregoing considerations of bacterial virulence 
that, although the ability of a microorganism to produce disease is conditioned 
by a series of mechanisms originating with the bacterium, pathogenicity must 
be evaluated in terms of the resistance of the host. As a rule, a pathogenic bac- 
terium is limited to a small number of hosts; bacteria pathogenic for animals 
are not ordinarily pathogenic for plants; very few of the bacteria that can infect 
mammals are also pathogenic for cold-blooded animals; some are even re- 
stricted to the tissues of a single species. Resistance, like virulence, is made 
up of many factors, some of which arc known either in more or less specific 
form or in the terms of generalities that serve as a cloak for ignorance; others 
are, in all probability, as yet unsuspected. Resistance to infection is, in a sense, 
somewhat more complex than virulence for, as will appear, not only are there 
specific barriers to infection variable with respect to species and even from one 
tissue to another in the body of a single animal, but the efficiency of these 
barriers is also a manifestation of general physiological well-being and hence 
they are subject to extrinsic or environmental influences. 

The differentiation of resistance from natural immunity (p. 327) cannot 
be made with precision, for thfi two merge with one another and with acquired 
immunity without sharp lines of demarcation. In a general way they may be 
separated on the basis of specificity, resistance being non-specific with respect 
to the invading microorganism while immunity is sharply specific for a given 
parasite. The non-specific cellular response (p. 322) is intermediate between 
the two since the specific cellular immunity of the immunized animal is quali- 
tatively the same, differing only in that it is markedly accentuated. 

As in the case of virulence, the better known components of resistance are 
best considered one by one. 

Species, Racial and Inherited Resistance. Species of higher organisms 
differ greatly from one another m their resistance to any given disease, a fact 
that has been suggested earlier in connection with the experimental repro- 
duction of disease. In many cases resistance to infection is relative, for disease 
may sometimes be produced by the administration of massive doses of bacteria 
to a resistant animal, but in others it appears to be absolute. Man is, for 
example, apparently completely immune to cattle plague, and many of t e 
lower animals are equally resistant to some diseases of man. In general the fac- 
tors underlying differences in species resistance are unknown, but in a revv 
cases body temperature or differences in anatomical structure have been foun 
to account for the observed variation. Pasteur’s classic experiment in which e 
rendered the naturally resistant hen susceptible to anthrax by chilling it in 
cold water, and the converse of this experiment, the production ^of anthrax m 
the resistant frog by raising its body temperature to 25° to 35° G., roay , 
explained in terms of unfavorable body temperatures. Similarly, cold-bloo e 
animals are not susceptible to human tuberculosis and warm-blooded anima s 
are not infected by the tubercle bacilli of cold-blooded animals. The insuscep- 
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Another procedure that has been stated to supply a non-specific stimulus to 
the antibody-forming apparatus is the injection of various metallic salts, colloidal 
solutions or other substances. We may ignore, from our present point of view, 
those instances in which the effect of such injections is limited to an increase in 
the bactericidal power of the blood. Such effects will be more conveniently con- 
sidered in Chapter 52. 

Walbum and his collaborators {Walbum and March 1923, Walbum and Bertheben 
1925, Walbum 1925, 1920, Schmidt 1920, 0rskov and Schmidt 1928) have recorded 
numerous experiments along theso lines. They conchido that the injection of salts of 
certain metals, especially those of cobalt, mangancsonnd beryllium, causes an increase in the 
production of antitoxin, or of agglutinins, if given early in the course of immunization, and 
leads to a secondary rise in litre if injected when the antibody titre has commenced to 
fall. Several investigators have, however, failed to confirm theso observations (McIntosh 
and Kingsbury 1924, Horgan 1925), and tho protocols included in some of U’album’e 
reports suggest that tho responso is very irregular. 

Steabbcn (1925) used agar, gelatin, a silver sol and an iron sol, and found that the in- 
jection of these colloids had no power to increase the antibody titre when this had become 
steady, though w hen Injected nt the same time ns the bacterial antigen they might increase 
tho antibody response. This last effect is clearly analogous to the ndjuvant action of 
certain substances we have already discussed. 

Obermaycr and Pick (1904) recorded that animals immunized 3 months previously 
showed a fresh formation of precipitin after tho injection of a 5-10 per cent, solution o 
peptone. Fleckseder (19 IG) stated that tho injection into liuman beings of deutero- 
albutnosc or nucleic acid gave rise * 
also Wcichardt 1922 and Wahl 193S *' 1 

antibodies in the blood of vaccinia 

both review the evidence on protein substances ns non-specific stimuli ; in most eases 
the stimulus is irregular, and the antibody response is small compared with that o a 
specific antigenic stimulus. 

Wc may next consider those cases in which the non-specific stimulus is pro 
vided by a complex antigen, similar in type to that providing the initial specif 
stimulus but possessing no known common antigenic factor. So far as t is 
genic dissimilarity is in fact complete the case does not differ in its essentia s ro 
those we have considered above. 

Dreyer and Walker (1909) recorded a secondary rise in agglutinins for Bad. coli 
the intrapentoneal injection of killed staphylococci into previously immunize ^ 
Conrndi and Bielmg (1916) state that rabbits immunized against .'aim. typ 
secondary rise in agglutinins after various non-specific stimuli, such a-> those pro ^ - 
the injection of Bad. coli, dysentery bacilli and £ 
rabbits with typhoid, paratyphoid and dysentery 

specific stimulus and another as the secondaiy non-specific stimulus, and no e 
stances of a secondary rise in agglutinins. His protocols, however, indicate c ea tlons ]Bp 
where the secondary response was well marked, there was some antigenic re 
between the two kinds of bacteria employed. _ , _ ro <juction 

Rosher (1924) was unable to detect non-specific stimulation of antibo y P an f,. 
in tests with the following pairs of dissimilar antigens, tho first given as a P n ^ _ ^ 
gemc stimulus, the second as a non-specific stimulus : Bad. coli and Stap \ au ^ un ’ re ] a ted 
coli and sheep red cells ; Salm. paratyphi A and a suspens.on of j e j, aC ilIi 

bacteria; Salm typhi and Salm. paratyphi B , Salm. enteritidis and living u nn j dii 
The second injection acted only as a primary stimulus by the antigen use , 
not affect the title of specific antibodies for the previously injected antigen 
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tibility of experimental animals such as guinea pigs and rabbits to the entero- 
toxin produced by some bacteria is possibly attributable to their lack of a 
vomiting mechanism. As indicated earlier, resistance to a given infectious agent 
is not necessarily associated with phylogenetic relationships, and there is no 
pattern from which the resistance or susceptibility of an animal can be pre- 
dicted by logical processes; the tabulation of animals susceptible to a given 
disease represents information acquired largely by trial and error. 

Domestic and Experimental Animals. Not only do species of higher organ- 
isms differ in their resistance to infectious disease but the races comprising 
a susceptible species likewise appear to differ among themselves. There are 
many instances of differences in resistance to infectious disease m varieties or 
strains of animals. The relative resistance of Algerian sheep to anthrax is well 
known and inbred Berkshire swine have been found to be highly resistant 
to brucellosis. 39 That this is a true racial immunity which is, as might be 
expected, inheritable, has been demonstrated by extensive experimental in- 
vestigations with laboratory animals. The earlier studies of Wright and Lewis 40 
showed that marked differences in susceptibility to tuberculosis existed between 
inbred families of guinea pigs, differences which were transmitted to the 
offspring. Later work, summarized by Webster, 41 Hill 42 and Greenwood 
et al.,* 3 has been confined, for the most part, to studies on the susceptibility 
of mice to infection with Salmonella typhi-mnrtum and similar bacteria, it 
has been shown that resistance to such infections may be raised or lowered 
by selective breeding, sometimes to a remarkable degree. Similarly, strains of 
mice differ in their susceptibility to murine typhus, and Lurie 4 * has bred 
strains of rabbits resistant and susceptible to infection with tubercle bacilli. 
It is of interest that resistance to bacterial endotoxin may also be raised or 
lowered by selective breeding. Resistance does not behave as a simple Mcn- 
delian character but is to some extent specific in that a race having increased 
resistance to infection with one microorganism is not necessarily unusually 
resistant to another. For example, in Webster’s work mice selected for resist- 
ance to infection with Salmonella cntcritidis showed increased resistance to 
pneumococcus and Fricdlandcr’s bacillus infection, but were more susceptible 
to the virus of louping ill than the strain selected for susceptibility. 

Considerable interest has attached to the mechanisms underlying inherited 
resistance and susceptibility, and in recent >ears suggestive results ha\c been 
reported by a number of workers Thus, in Lurie’s 44 studies resistance was 
associated with low skin permeability as assayed by intradcrmal inoculation 
of india ink, increased rate and intensity of antibody (agglutinin) response, 
and the de\ elopment of a high degree of hjpersensitivity (sec also p. 343). 
Goucn and Calhoun 4 ' ha\c shown that in mice there is a marked correlation 

** Cameron. Gregory and Hughes: Araer. Jour. Vet. Res.. 1943. 4 387. 

40 Wright and Lewis: Amcr. Naturalist. 1921, SS 20. 

4 ‘ Webster: Medicine. 1932. 11:321. 

41 Hill. Medical Research Council. Special Report Senes, No. 196, 1934. 

4 * Greenwood, Hill, Topic)' and Wilson: Medical Research Council, Special Report 
Senes No 209. 1936. 

44 1 uric: Amcr. Res. Tuberc., 1941, 44 : Suppl. 

4S Com en and Calboun- Jour. Inf. Dis., 1943, 73 40. 
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between numbers of leucocytes and resistance to mouse typhoid. Similarly, 
Severins, Roberts and Card 46 have found that resistance and susceptibility of 
breeds of chickens to Salmonella pullorum infection is associated with num- 
bers of lymphocytes, and Oakberg 4 - 7 has observed differences in liver and 
spleen in resistant strains of mice associated with the ability of macrophages to 
digest phagocytosed bacteria. Differences in susceptibility may, of course, be a 
reflection of corresponding differences in immunizability, ;.e., ability to re- 
spond to antigenic stimuli with antibody production. Scheibel, 4 * for instance, 
has been able to divide strains of guinea pigs into good and poor producers 
of diphtheria antitoxin on immunization. 

Races of Man. The relative resistance of races of man to infection has 
been the subject of considerable interest and such investigation as has been 
possible. Under ordinary circumstances in this country the non- white races 
are much more susceptible to infectious disease than the white race. There are, 
however, certain exceptions. Thus, the influenza epidemic of 1918 appears to 
have had a greater impact upon the death rate for white youths than upon 
that for the non-white population in the same age group. Similar exception 
may be noted in the case of Baltimore Negroes who showed a lower ratio of 
clinical diphtheria to immunizing infections than corresponding white chil- 
dren. 49 It is quite generally recognized, too, that the Negro has a remarkable 
degree of resistance to erysipelas, and the more favorable response of the 
Negro to all forms of treatment for gonorrhea is well known. 

Special interest has attached to the white and non-white tuberculosis death 
rates, both crude and age-specific (p. 643). Whether the observed high mor- 
tality in the non-white represents a racial susceptibility or is entirely a reflec- 
tion of economic status has been the subject of considerable discussion. Studies 
on this question made in the Army (p- 644) would seem to indicate a true 
racial difference. 

There also appear to be differences between the less well-defined 'races of 
man. There is evidence that the Irish are less resistant to tuberculosis than cer- 
tain other elements of the American population, such as the Italians. 50 On 
the other hand, the Jewish race is considered by many to be relatively resistant 
to tuberculosis; in spite of a high incidence of infection, the mortality is very 
low. 51 To what degree the evidence supports the hypothesis that races’ - or 
man differ in their susceptibility to this and other diseases, such as pneumonia, 
is problematical, for adequate control of the environmental factors diflicu t 
if not impossible. However this may be, twin studies on tuberculosis indicate 
the operation of genetic factors in the resistance of man to this disease, J an 


48 Severins, Roberts and Card: Jour. Inf. Dis., 1944, 75:33. 

41 Oakberg: Jour. Inf. Dis., 1946, 78 ' 79. 

48 Scheibel: Acta Path, et Microbiol Scand., 1943, 20.464. 

49 Frost Jour. Pxev. Med., 1928, 2:325. c „ 

Guitfoy. Quart. Publ. Amer. Stat. Assn., 1907, 10 515, Dublin: Amer. Econ He ., 

1916, vol. 6, no. 3, Dublin and Baker: Quart. Publ. Amer. Stat. Assn., 19 • 

51 For example, see Drolet: Amer. Rev. Tuberc., 1924, 10.280. . 

52 In a number of these studies racial stocks were determined for rst gene 
migrants on the basis of parental birth place. 

s3 Cf. Kallman and Reisner; Amer. Rev. Tuberc., 1943, 47.549- 
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from that of an intravenous injection. After an intramuscular injection an anti- 
serum usually reaches the Hood stream more slowly than after an iutrapcritoncal 
injection but more rapidly than after a subcutaneous injection ; though 
Christensen (1952) found substantially equal rates of absorption in man and rabbits 
given tetanus antitoxin by the subcutaneous and intramuscular routes. The rate 
of absorption from subcutaneous and intramuscular injection sites is increased when 
the antibody is given together with Lyaluronidase (McClcan and Morgan 1933 
Boquet el al. 1952). 

Another point of some importance in connection with passive immunization 
is illustrated in Figs. 268 and 269 (GIcnny and Hopkins 1922). 



Time , in Days 

Fla. 268. 


Disappearance of antitoxin from blood of three normal 
rabbits, after intravenous injection of antitoxic horse 
serum. 

(After GIcnny and Hopkins.) 



Fio. 269, 

Disappearance of antitoxin 
from blood of three 
rabbits, previously sen- 
sitized to normal horse 
serum, after intravenous 
injection of antitoxic 
horse serum- 
(After GIcnny and 
Hopkins.) 


In Fig. 268 is recorded the rate of disappearance of antitoxin from the or- 
culation of 3 normal rabbits after the intravenous injection of 0 5 ml. of dipMhen 
antitoxin, derived from the horse. Fig. 209 gives a similar record m the i case 0 
3 rabbits that had received previous inoculations of horse scrum. 

“ immune ” or " sensitized ” to horse senim-the relation of the “ 

sensitized state is discussed in Chapter 51-and m “Ss 

the antibody from their circulation much more rapidly than didthe »» ^ 

The same phenomenon will occur when a person who as p ? . , fr0B1 

injection of horse serum is given an antitoxic or antibacterial 
that animal (see Hooker and Follensby 1931). 
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the question is rather one of the occurrence of practically significant genetic 
segregation. 

A given disease, however, may be relatively mild in its effect on races of man 
which have been in contact with it over a long period of time, but assume 
a highly virulent form in other races to which it is new. Measles, for example, 
a mild disease to civilized man, has been a scourge to certain primitive races. 
In other cases, diseases originally highly virulent have become apparently less 
so with the passage of time, leprosy is not as widespread as it was in biblical 
times, and syphilis is a considerably milder disease today than it was m the 
sixteenth century. Phenomena such as these have been taken by some to mdi 
cate the development of a racial immunity through a selection of more re- 
sistant individuals, and by others to suggest an adaptation of the microorganism 
accompanied by a loss of virulence. At the present time, it is not possible to 
differentiate sharply between these two, possibly both effects are operative. 

It should be pointed out in this connection that what might he called a 
pseudo-racial immunity may be manifested by a race m close association with a 
given infective agent. Many individuals have the disease, the survivors are 
immune, and this immunity is passively transferred to the offspring (see p. 
333), who are infected before this passive immunity entirely disappears and 
consequently have the disease in a mild form hut become solidly immune. The 
immunity is passively transferred to the third generation, and the process con- 
tinues ad mfitutinn as long as the race is in contact with the disease. Some such 
■’ ' ’’ t racial immunity of the 

'* adults arises as a result 

Age. The effect oF the age of an animal on its resistance to infections 
disease is variable, being clearly apparent in some instances and indistinguish- 
able in others. In many cases there is a direct relation between age and re- 
sistance, the young being more susceptible than the older individuals. The 
suitability of the developing chick embryo as a menstruum for the cultivation 
of certain filterable viruses to which the chicken is apparently completely in- 
susceptible, and the results of the experiments of Wool pert and his colleagues’ 14 
on the infection of the guinea pig fetus, may be regarded as examples of an 
exaggerated susceptibility of the immature organism The marked susceptibil- 
ity of the guinea pig fetus to tuberculosis drops off after birth, and young, 
mature and old animals have been found to he progressively more resistant 
to this infection. Similar results have been observed with other infections such 
as equine cnecphalomvclitis in mice, St. Louis encephalitis in mice, and in 
the resistance of the rat to diphtheria bacilli and diphtheria toxin. 

It is well known that the very young child docs not respond well to active 
immunization, Sauer; ” for example, has reported poor results in active 
immunization against whooping cough, and antidiphthcria immunization of 
the newborn is not successful. This inadequate immune response is undoubt- 

t, Cf . Woolpert: Amcr. Jour Path., 1936, 12.141, Wool pen et al.: Jour. Exp. Met!,. 
1938. 6S-313, Gallagher and Wool pen: Jour. Exp. Med., 1940, 72 99, Demulcr, Hudson 
and Woolpert: Jour. Exp. Med , 1940, 72 623. 

ss Sauer: Amer. Jour. Pjth., 1941, 17:719. 

■8 
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stucture of ant, gem and antibodies, was put forward independently by Breml 
Haurowitz (1930), Alexander (1931) and Mudd (1932). Ignoring minor differences 
m the news of its sponsors, this hypothesis assumes that all antibodies are globulins 
newly synthesized under the directing influence of the antigen. This influence 
is exerted through a union, physical or chemical, between the peptides of the 
nascent globulins and the active groupings of the antigen, during the globulin 
synthesis. The globulin thus formed is dissociated from the antigen after a certain 
stage has been reached, and the latter is thus able to leave its stereochemical 
imprint on successive molecules of antibody globulin synthesized under the same 
conditions. 


We have seen that certain cells of the lymphoid-macrophage system appear 
to be the site of antibody formation, but the circumstantial evidence does not 
implicate the cells of that system in which antigen is first deposited (p 1254). If, 
however, we can take such cells as a model of the antibody-forming cells— and it 
is not impossible that some of them are transformed into antibody-forming cells— 
the localization of antigen— or at any rate of radioactive markers attached to 
antigens — first in the microsomcs and then in the mitochondria of the macrophages 
of the liver and spleen (Crumpton and Haurowitz 1952, Fields and Libby 1952) 
suggests that synthesis takes place in granules of the cell cytoplasm. 

The reaction of antigen, or of an effective derivative of antigen, with the 
synthetic sites, appears to take place fairly rapidly. The results of transposing 
splenic tissue, at varying intervals after exposure to antigen, into a normal animal 
indicate that the antigen loses its capacity to stimulate cells in the recipient animal 
within a day or so (p. 1259) ; and experiments on the time-relations of radiation- 
sensitivity of antibody formation (p. 1250) suggest that the modification of 
the synthetic site by antigen is initiated within a few hours. In this connection 
we may also note that the antigenicity of bacillary bodies is partly destroyed soon 
after their ingestion by macrophages (Walsh and Smith 1951). But although the 
antigen, as a substance that will stimulate a response in a second animal, may 
disappear before antibody synthesis has ceased, it does not follow that it disappears 
as a determinant cf antibody formation (Topley 1930), Moreover, it should be 
noted that transposed antibody-forming tissue loses its capacity to produce anti- 
body in a few days or weeks. There is other evidence, in short-term tests at least, 
that antibody formation lasts as long as antigen is present in the body. Thus there 
is a direct relation between decline of antibody formation and disappearance o 
antigen m rabbits making a primary response to tobacco mosaic virus (Libby an 


Madison 1947, Erickson et al. 1953). . 

Pauling (1940) who reviewed the physico-chemical basis of the hypothesis, 
considers that the difference between normal and antibody globulin lies not in t * 
ordering of the amino-acid residues of the polypeptide chains, but in the manner o 
the folding of their otherwise similar constituent polypeptide chains, to form V° i 
peptide lamin® and ultimately the globular protein. According to Pauling, 
ends of the folds, which when packed together will constitute one of t e sur 
of the completed molecule, are capable of taking up many configurations, w - 
variety and stability are determined by the presence of an excess of pro 
hydroxyproliue residues at the point of folding. When an antigenic ; substanc^ 
with a well-defined configuration of active groups is present in the ccH, it i 
the configuration at the ends of the folded polypeptide chains, thereby <> 

the formation of an antibody receptor. Pauling suggested that, if gfobuii 
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edly at least partially responsible for infection of the very young with bacteria 
ordinarily regarded as harmless saprophytes. Cass, 50 for example, has reported 
epidemic infection of the newborn (in a maternity ward) with Bacterium acro- 
Rencs which took a septicemic form, and the Bacterium coli infection of foals 
known as scours is well known. 57 Complement deficiency in the newborn and 
less active phagocytosis by KupfFer cells arc possibly associated with this failure 
to respond to antigenic stimuli and bacterial invasion. 

The rise in resistance coincident with the development of an animal to ma- 
turity has been interpreted by some workers as indicative of a "maturation 
immunity in which the ability to withstand infection is associated with the 



Fig. 29. The age incidence of certain infectious diseases. Note the predominance of the 
diseases of childhood in the early years, the increase in tuberculosis in the young adult 
years and the marked increase in lobar pneumonia with advancing age. Scarlet fever rate 
multiplied by a factor of 40, and diphtheria rate by a factor of 10 for comparative purposes. 
Data for 1940 from the reports of the Bureau of the Census. 


ductless gland secretions. Experimental studies in which precocity has been 
induced by the injection of androgens have, however, been disappointing, an 
maturation immunity must be regarded as a hypothesis which is suggested y 
certain clinical results but for which there is no sound experimental proo 
The well-known increased susceptibility of the aged to certain of the in ec 
tious diseases is reflected not only in the incidence but also in the morta it> 
of infections such as pneumonia. The quantitative (exponential) re ation 
between the probability of death from a given disease and age was o serve 
many years ago (1825) and is known as Gompertz's law. ^he phy st0 ° 81< i 
alterations underlying senile debility and mortality are prob3b y 111 
nature of an accumulation of degenerative changes. 5 * 


B6 Cass: Lancet, 1941, i,-346. . 

® T For instance, see a discussion by Wolfe and Dilks: Jour. Jmmuno 
ss Simms. Science, 1940, 91:7. 


1948, 5S.-245. 
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antigenic units must pass to one of the daughter cells at each division. Burnet 
and Fenner prefer the assumption of an antibody-forming capacity, independent 
of the continued presence of antigen, which is transmitted to descendant cells by 
some hereditary process. (It has been objected that such a process should lead 
to the hereditary transmission of the capacity to the offspring ; but there is no 
necessary connection between the two, for it is highly unlikely that the immune 
response in the adult would have any genetic effect on the segregated reproductive 
cells in the gonads.) 


They postulate that the scrum globulins are products of self-reproducing, intracellular, 
globulin proteinases, and represent a stage in synthesis v hen the molecule has the essential 
structure of the enzyme, but is without enzymic activity. At this stage it may be turned 
out into the circulation as a globulin. In the cell, however, the synthesis proceeds to 
completion, and more proteinase is formed, its normal function being to hydrolyse sub- 
stances of endogenous origin. In the presence of antigen, the configuration of the pro- 
teinase is modified so as to hydrolyse the antigenic matter, and, when the antigen is gone, 
the proteinase reproduces itself in the modified form, both in the original cell and its 
descendants. According to Burnet, the continuously accelerated output of antibody 
observed during the secondary response is characteristic of an autocatalytic process such 
as he postulates, not the production of antibody from a fixed number of antigenic templates ; 
and he attributes the change in reactivity of antibody observed with prolonged immuniza- 
tion (see Chapter 7) to the profounder modification of the globulin proteinases by the 
products of a moro complete intracellular hydrolysis of the antigen. 

That the secondary response is sometimes exponential in part of its course docs not 
necessarily point to any one kind of process, biological or other — a fire in a wood-pile grows 
exponentially. The exponential increase may, for example, reflect an increase in the anti- 
body-forming cells, thus giving an opportunity to unemployed templates in regions where 
antigen has accumulated ; for, as Haurowitz (1952) points out, even a small dose of intra- 
venous antigen is equivalent to several thousand molecules per liver cell. 

The specific immunological paralysis, induced in adult mice by massive doses of pneumo- 
coccal polysaccharide (p 1202), nnd the analogous phenomenon of specific acquired tmer- 
ancc induced in animals treated with the antigen during their fcctal life, are not rea ly 
explicable in terms of cither hypothesis. But both appear to he associated with persis encc 
of antigen. In the first, persisting polysaccharide was demonstrable, and in the secon 
the antigens were foreign tissue cells that arc either known, or may reasonably pre 
sumed, to persist in the animal receiving them. 


We are not in a position to decide between these hypotheses. Both e P en 
upon arguments by analogy with other biological processes, and it is not in a case^ 
clear how relevant these analogies are. It is clearly impossible to pro\e in a case^ 
that antigen is persisting as such. Hcidelberger (1952) indeed suggests t a ^ 
mechanisms may be operative ; and that antigens, like the bacteria P° ) 
chandes, which are not readily metabolized in the body act mainly as cor | 
stimuli, whereas the readily hydrolysed protein antigens, like dip er,a V 
induce a heritable change in the synthetic powers of the anti o y orn11 ^ 
Scvag (1951, 1951) developed another concept, based largely upon a } ^ 
the immunology of enzymes and their corresponding anti o ics, ° . rast 

specific catalysts of antibody formation. This, it may be noted, is m e ^ 
to the views of Burnet and Fenner, who regard antigens as modifiers o 


cellular proteinases. 
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In practice, the relation of age to resistance to infection is complicated by 
many factors. The human baby, for example, is relatively resistant to a num- 
ber of infections for the first six months of life as a result of passive transfer 
of antibodies from the mother either via the placental circulation in ittero or 
by means of colostrum after birth. Similarly, the increased resistance to a dis- 
ease such as diphtheria which appears with physical development arises pri- 
marily as a result of inapparent infection rather than maturity alone. (The 
so-called natural antibodies are discussed on p. 329.) 

Sex. A number of diseases exhibit a difference in sex incidence, pneu- 
monia and epidemic meningitis, for example, are more common in males 
than females, while scarlet fever, typhoid fever and others occur somewhat 
more frequently in females. Except for a few years in the forty-one-year 
period 1900-1940, the female death rate for white youths has been con- 
sistcnly lower than that for males, though the reverse has been true for the 
non-white population in this country. In the decade 1931-1940 the gap be- 
tween the female and male in the non-white population was closed and in 
1940 the female and male death rates for non-white youths were exactly 
the same at 5.0 per 1000. Corresponding rates for the white population were 
1 .4 for females and 2.0 for males. In the case of tuberculosis, variability in 
the age-specific mortality rates indicates a differential response on the part of 
the sexes (p. 644). A sex differential is also indicated by the aftermath of the 
1918 influenza epidemic, which appears to have had a more unfavorable 
effect upon female mortality than that of males in the 15 to 24 age group, 
as indicated by the relatively high female death rate for all racial groups for 
several years after the epidemic. 

It has been suggested that this difference between the sexes might result 
from resistance having some of the attributes of a sex-linked character, or, 
since differences in sex incidence arc most pronounced during and after 
puberty, something in the nature of maturation immunity may be irnohed 
There is no sound evidence to support the first of these hypotheses. Regarding 
the second a certain amount of experimental csidcncc has been reported, the 
most precise relating to skin permeability, which has l>cen found to be greater 
in female rabbits than in males. v> It has also been shown by Dennison and 
Coatncv™ that female chicks arc significantly more susceptible to infection 
with the chicken malaria parasite, Plasmodium gaUitwccttm, than arc males, 
treatment with male and female sex hormones did not afTcct the differences 
between the two. Any explanation of the obsened sex differences must, of 
course, take into consideration other factors such as occupation, risk of expos- 
ure and the like. 

Climate nml Seiunn. That both climate and the season of the scar exert 
market! effects on the incidence and mortality of a number of infectious dis- 
eases is well known. In tropical climates, for example, the acute upper respira- 
tory infections are not so common as in the temperate climates, but the dysen- 
teries arc more common in the tropics than in the temperate zones. The 
seasonal incidence of the infectious diseases is also common knowledge, 

Lurie ami Zappjwxli Proc. S»c. Hxp. Biol M«1 , 1939, 42.741, ibij., Arch. Path , 
1942. 34 151. 

"'’Bcnnt'on 8mlCoalncv Science, 194S. 107 147. 
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the decline in titre of circulating antibodies after a maximum has been reached 
is usually delayed. An immunized differs from a normal animal, not only in the 
possession of a particular antibody, but in its capacity to produce that antibody 
rapidly and in large amount in response to the specific stimulus. In certain 
circumstances the preoccupation of the antibody-synthesizing cells with the 
secondary response may diminish their response to a primary inoculation of 
another antigen made at the same time. 

(6) Repeated inoculations are more effective in raising the antibody titre to 
a high level than a single injection, even of a very large dose. Just as there 
appears to be a limit to the titre that can be attained by increasing the size of a 
single dose of antigenic material, so there is a limit beyond which repeated injections 
fail to raise the titre. 

(7) The injection of a large dose of antigen into an animal in whose blood the 
corresponding antibody is present frequently results in a temporary fall in the 
concentration of that antibody, followed in most cases by a secondary rise. The 
efficacy of the dose of antigen in stimulating this secondary rise may be diminished 
by the combination of antigen with the circulating antibody — a “ blanketing ” 
effect apparently due to a consequent accelerated breakdown of antigen in the 
tissues. 

(8) Antibody formation may be induced by the administration of antigens 
by the mouth, by inhalation, or by intranasal instillation. Administration by 
these routes is, in general, less effective than direct inoculation into the tissues. 
In the case of administration per os there is evidence that antibodies may bo pro- 
duced against certain antigenic components but not against others. 

(9) Although the majority of naturally occurring antigens are proteins, or 
contain protein components, other substances, such as complex polysaccharides, are 
capable of inducing an active immunity, and of stimulating antibody production. 

(10) The antibody-producing apparatus may in certain conditions be stimulated 
by non-specific substances. Two effects may be distinguished : 

(а) An adjuvant action of substances injected into the tissues simultaneously 
with antigen, or during the period of increasing antibody response The action 
of adjuvants is complex In some cases, they appear to act by inducing tissue 
lesions from which the release of antigen is slowed and prolonged ; in others, y 
promoting reactions that lead to a more efficient transport of antigen to t e 
antibody -forming cells A stimulus to the multiplication of antibody-forming ce s 
cannot be excluded from the effect of certain adjuvants. 

(б) A stimulation of the antibody-forming apparatus that results in some 

increase in the concentration of a normal antibody or in the renewed pro uc io 
or mobilization of an antibody previously produced in response to a specific s * m ’ u 
—the anamnestic reaction. The evidence for such stimulation is con IC ' n P ’ 
this non-specific response often occurs very irregularly, is usually trivia or transi o 
in its effect, and is never as great as the response to a further in J^ Ion ® . 

specific antigen In some cases it may be mediated by hormones o m 

(11) The rate at which injected antibody reaches the blood and ti«M! 

of a normal animal and the concentration there attained epem m (lilution 
on the route by which the antiserum is injected After an initial P eno _ f ^ t j l( , 
m the blood and body fluids, passiv 
circulation at a rate similar to that 
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meningococcus meningitis occurs predominantly in the winter and spring, 
poliomyelitis in the late summer and early fall, and so on. One of the most 
striking relationships of season to incidence of disease is that of Asiatic 
cholera; the epidemic season coincides with hot weather and shows a remark- 
able correlation with precipitation and relative humidity. 

In a great many instances the influence of climate and season upon the 
incidence of disease may be attributed to opportunities for transmission of the 
causative organism, such as crowding in poorly ventilated rooms, seasonal or 
geographic occurrence of an insect vector and so on, but in others the factors 
responsible for seasonal incidence are unknown. 

In recent years specific evidence has begun to accumulate which substanti- 
ates the opinion that resistance varies with season, temperature and similar 
factors. For example, the intensity of the brain reaction of mice inoculated 
with St. Louis encephalitis virus and that of guinea pigs inoculated ivith 
endemic typhus virus have been found to have been the greatest in summer 
and the least in the winter over a period of years; mice adapted to existence 
in a moist heat have been found only one quarter as resistant to infection 
with hemolytic streptococci as those adapted to a cool environment; the mor- 
bidity and mortality rates in murine typhus infection in mice are affected 
by environmental temperature; and the resistance of mice to pneumococcus 
infection is similarly affected. It is not improbable that future investigation 
wall yield systematic knowledge of the effect of climatic factors on suscepti- 
bility to disease. 01 

General Physiological Well-Being. Whatever resistance to disease an 
organism may possess by virtue of species, race and the like is profoundly 
influenced by its general physiological state. In general, resistance is at its 
height when the organism is functioning normally in every respect, and is 
reduced by a variety of factors which interfere with and alter the normal 
physiological state. In some cases previous infection may reduce resistance to 
such a point that infection with the less virulent bacteria may take place, as 
in the secondary infections; in others, functional disorders such as diabetes 
mellitus bring about a reduction in resistance to infection. More common, 
however, are the deleterious effects of inadequate diet and fatigue. 

Nutrition. The relation between susceptibility to infection and faulty nutri- 
tion has been of considerable interest since the discovery of the vitamins an 
consequent study of the deficiency diseases, in some of which, such as 
xerophthalmia, infection plays a part. Attention has been directed particular y 
toward vitamins A (carotene) and C (ascorbic acid), and there is n° dou t 
that a deficiency of the first of these substances results in a marked lowering 
of resistance. The reduced resistance appears to be associated with a reduce 
humoral immune response, but this is in part at least compensated or y an 
accentuated phagocytic response to infection. Diets qualitatively an quan i 
tatively inadequate, not only with respect to other vitamins but in otier 0 g'?^ 
also, may likewise predispose to bacterial infection . 62 Recently Cannon 
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emphasized the importance of adequate protein intake, and he and his co- 
workers have shown that depletion of the protein reserves of experimental 
animals by maintenance on low protein diets interferes markedly with anti- 
body formation, i e., the synthesis of immune globulin. While antibody 
formation is significantly interfered with by moderate protein depletion, a 
severe depiction also interferes with the normal functioning of the cellular 
defense mechanisms as evidenced by reduced phagocytosis. 64 

Other than this, just how malnutrition bnngs about a reduction in resist- 
ance is not known, present information indicates that the effect is a general 
one. It is of some interest that this unfa\orable effect is not limited to the 
undernourished individual but may be transmitted to offspring. Experimental 
studies have shown, 65 for example, that the diet of mice, genetically homo- 
geneous in resistance to an infection, affects the resistance of offspring to a 
greater degree than the diet of the offspring themsches. In this connection, 
statistical studies 66 have suggested that the mortality rates of adult human 
life are in part a function of nutritive and other elements of the environment 
of childhood, in other words, the effect may be a delayed one, but the evi- 
dence on this point is not altogether indubitable. 67 , 

The marked reductions in resistance associated with inadequate diets arc 
in no sense specific; resistance to infection in general is reduced, and there is 
no relation between lack of a single dietary factor and susceptibility to a 
particular infection. A number of attempts have been made to demonstrate 
such a relation, ascorbic acid, for instance, has some small capacity to neutral- 
ize diphtheria toxin, but vitamin C deficiency docs not predispose to infec- 
tion with the diphtheria bacillus any more than with other organisms, such 
as the tubercle bacillus. 

Since inadequate diet, and vitamin A deficiency in particular, reduces 
resistance to infection, it has been supposed that resistance might be raised 
in hypervitaminosis. Experimental cudcnce, however, docs not support this 
supposition, the normal level of resistance maintained by the organism on an 
adequate diet cannot be appreciably raised by the administration of vitamin 
A in quantities in excess of that normally required. 

The apparently contradictor)’ observation that resistance to infection with 
a number or the viruses is increased by inadequate diet has been made by a 
number of workers. 6 * That it is not completely inconsistent with the lowered 
resistance associated with protein depletion and other dietary deficiencies is 
indicated bv the consideration tli3t the viruses are obligate intracellular para- 
sites; possibly a healthy cell is of primary importance to multiplication of the 
virus and the depleted cell is an unfavorable medium for development, thus 
masking so to speak the lessened immune response associated with nutritional 
deficiencies. 

Tongue. It has long been known to the clinician that bodily rest is a 
valuable adjunct to the treatment of disease, and there is clinical evidence 
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which suggests that resistance to the initial infection may be reduced by 
excessive fatigue. Experimental evidence on this point is scanty and to some 
degree conflicting, but it is probable that the unfavorable effect of fatigue 
on normal physiological well-being is reflected to some extent in an increase 
in susceptibility to infection. The normal white rat, for example, is highly 
resistant to anthrax, but when exhausted by work in a treadmill becomes sus- 
ceptible , 09 latent Salmonella entcritidis infections in the same experimental 
animal may be activated by fatigue to such a degree that the outcome js 
fatal . 70 Similarly, studies on human beings have indicated that an individual 
may be rendered transiently susceptible to the common cold by fatigue . 71 

Other mechanisms operative in the resistance associated with general 
physiological well-being arc obscure. Studies on resistance to the common cold 
in population groups made by subjecting the incidence data to an analysis 
of variance among groups have strongly suggested that an as yet undefined 
constitutional factor is operative in the etiology of the clinical infection . 72 
The studies of Locke 73 have indicated that the capacity to maintain effective 
circulation and the ability to withstand the effects of sudden temperature 
changes are associated with resistance to experimental infection. The adverse 
effects of sudden changes in temperature and humidity on the organism, re- 
flected in changes in the nasal mucosa, arc, perhaps, a manifestation of tem- 
perature shock. Attempts to associate such shock, vitamin deficiencies, fatigue 
and other elements of the non-specific resistance of health with specific 
defense mechanisms such as the capacity to form antibodies, have not been 
uniformly successful. 

The External Defenses of the Organism. The cellular organization 
of the animal body is a closed system with respect to the outside environ- 
ment from which it is separated by the skin, mucous membranes and intes- 
tinal mucosa. These structures, generally impermeable to particulate material 
of the size of bacteria, constitute the first line of defense against invading 
microorganisms and one that is, for the most part, highly effective. While 
mechanical obstruction contributes in no small part to the efficacy of these 
barriers, both skin and mucous membranes also play an active part in the 
protection of the organism against bacterial invasion, as will appear. 

The Skin. As a rule, the unbroken skin presents a more or less impassable 
barrier to microorganisms. Bacteria are found normally on the skin between 
the superficial horny ceils, but ordinarily are not able to penetrate deep into 
the tissues unless favored by some cutaneous injury, such as a wound or 
burn. The ducts of the sweat glands and the hair follicles are, however, \u 
nerablc points, and experiment has shown that it is possible for bactena to 
penetrate the skin through these channels. 

The skin, however, is not an inert surface upon which bacteria may sut 
vive, but is, as experimental work of the last few years has shown, active j 
bactericidal. Arnold and his co-workers 74 found that bacteria which o n0 
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occur normally on the skin, such as Bacterium prodigiosttm, the typhoid, 
colon and enteritidis bacilli, and hemolytic streptococci, are rapidly (in some 
cases within ten minutes) destroyed when swabbed on the clean skin of the 
palm of the hand. Possibly related is the fungistatic action of the free satu- 
rated aliphatic acids in the hair fat of adults. 75 The autosterihzmg capacity 
of the skin is markedly reduced by dirt and is apparently a property of live 
skin, the skin of a cadaver dead only fifteen minutes showed little or no bac- 
tericidal activity. Bacteria normally present upon the skin, such as the white 
staphylococci, are not appreciably reduced m numbers when swabbed on the 
clean skin, a fact which probably accounts for their constant presence on the 
body 

The Conjtmctivae. Bacteria and dust particles settling in the eyes are re- 
moved relatively rapidly by the mechanical flushing effect of the tears. The 
lacrimal secretions contain a substance, lysozyme, which is also present in cer- 
tain tissue extracts and in egg white, which destroys some species of sapro- 
phytic bacteria. Fleming 70 who discovered lysozyme, described one species of 
bacteria, Micrococcus lysodeikticus, which is particularly susceptible to the 
action of this lytic substance, as high a dilution as 1 . 40,000 of tears has 
brought about complete lysis of these microorganisms. Lysozyme has been 
found to be identical with the avidin of egg white and has been isolated in 
crystalline form. 77 None of the pathogenic forms, however, appears to be 
unusually susceptible to the action of lysozyme, and it probably plays no im- 
portant part in the protection of the orgjnism against invasion. 

The Nose, Nasopharynx and Respirator y Tract Bacteria and other par- 
ticulate material present in inspired air arc rapidly removed by passage 
through the tortuous nasal passages lined with mucous membrane to whose 
moist surface they cling. In this way air is largely freed from bacteria m the 
upper respirator)' passages, those that pass the larynx arc caught in the 
bronchi and few reach the ultimate ramifications of the bronchioles. The 
process is so efficient that expired air contains almost no bacteria except those 
that are expelled in droplets by sneezing, coughing and talking 

The moist film which covers the mucosa of the upper respiratory tract 
and in which bacteria removed from inspired air and those arriving via the 
lacrimal secretions arc embedded consists of mucus, a thin, highly viscid 
substance that, in a sense, constitutes a continuous web or membrane over 
King the surfaces within the nose, sinuses, pharynx and esophagus. This film 
of mucus is in constant motion as a result of the activity of cilia which sweep 
the mucus and its bacterial content toward the oropharynx, where it is swal- 
lowed The evehangc of mucus is rapid, that covering the posterior two thirds 
of the nose is replaced every ten or fifteen minutes, while that over the an 
tenor third is removed every hour or two. 7 ** Although mucus itself has no 
bactericidal activity, when combined with ciliary activity it constitutes a 
remarkably efficient means of ridding the upper respiratory passages of bac- 
teria. D ivies. 71 ' for instance, has shown that all particles above 7 /i in diameter 
:s Rothman, Smilpmc and Shapiro 1 Proc. Soc. Dtp. Riol Med , 1945. 60 394, 
^Homing' IW. Rov. Soc.. 1922. Series B. 93 306, Lancet, 1929, i 217. Pmc Rio. 
S<c.Mrd , 1932,24 (See Path ) LSccreview ht Tliotnp'on Arch Path , 1940. 30 1096, 
Aldcrton, Wjrtl and I einld Jour. Biol Chon . 194?. 157 43 
C/. llddinc Ann Jnt Met! . 1932, 6 227. 

•’ Davies. Pr<x.. R.n S-c . Set. R. 1946. 131 2S2 
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an interval of 10 days elapsed after the Bcnsitizing dose before hypersensitiveness 
was established ; and that no hyperaenaitiveneas resulted when large injections of 
serum were given at short intervals. 

inn?> te Aryi? 1 Wa3 8tudied ind ^ ndentl y Rosenau and Anderson (10OG, 

1907) who established the strict specificity of the reaction. They found that guinea-pigs 
sensitized to horse serum showed little if any hypersensitiveness to the serum of other 
animals, such as the rabbit, cat, dog, pig, sheep, chicken or man. Similarly, guinea-pigs 
sensitized to horse serum did not respond in any abnormal way to the subsequent injection 
of egg white, vegetable protein or milk. They noted also that the amount ot mm required 
to produce sensitization was extremely small ; as little as 0 000,001 ml, sometimes induced 
typical hypersensitivencss. The amount required to produce anaphylactic shock in a 
sensitized animal was, however, considerably greater (0 01-0 ] ml.). They confirmed the 
existence of ft latent- * * -i- - 

ment of the nnaphy 

indefinite period, exienumg over several months at least. 

These observations have been repeatedly and consistently confirmed by later 
workers. Animals may be actively sensitized by the injection of any substance 
that is antigenic in the full sense. The sensitizing injection may be given by any 
route. Often a single sensitizing dose suffices. In some animals, and with some 
antigens, it is necessary to give more than one sensitizing injection, and to use 
doses far larger than the minute amount that suffices in the particular case of the 
sensitization of the guinea-pig to horse serum ; but as a rule the injections must 
not be too large, nor too often repeated. Large doses, however, must be used 
for animals, like the mouse, that are refractory to sensitization. The dose needed 
may also vary with age ; for the one-year-old guinea-pig it is reported to be twenty 
times that for animals up to 22 weeks old (Coulson and Stevens 1919). 

Sensitization is also possible by the ora) route (Winter 1944) or by the inhalation 
of antigen in the form of an aerosol (Kudos and Page! 1937). 

Ab regards the shock-inducing, or “ shocking ” injection, either the antigen 
used for sensitization, or certain types of separated haptens containing the specific 
reactive grouping, are effective in eliciting the characteristic symptoms. The route 
of injection is important. Intravenous inoculation gives the most constant results ; 
in some animals it is the only effective route for this purpose. In the guinea-pig, 
which is peculiarly susceptible in this respect, shock may be produced by intra- 
peritoneal inoculation, but larger doses are required. Within certain limits the 
size of the shocking dose, nevertheless, appeals to be a secondary favAot d y er ‘ 
mining the severity of shock. In dogs, for example, Dragstedt (19436) found a 
shock, did. not become more fatal with increase in size of the shocking dose , t e 
fatality was primarily determined by the degree to which the ammal had reac e 
to the sensitizing dose. The generalization, based on older observations, tba 
shocking dose must be considerably larger than the minimal sensitizing dose, i 
not justified. A shocking dose of 0 f> /ig ovalbumin is reported as suJhcien i 
euinca-pigs sensitized with 1 /<g. of the antigen (Coulson et al. 191 / . .. 

A curious and significant fact emerged early in the widesprea ,nv ^ s , 
which followed the opening-up of this new field of research. The »ymp i o s 
lesions of anaphylactic shock were found to be constant for a given anim P ’ 
rr °P ct ve of the nature of the sens.tizing antigen ; whereas these symptom, and 
Suffered sharply from one animal species to another. Thus 
reacts in the same way when anaphylactic shock is produced with 
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which are inhaled are retained in the upper respiratory passages of the 
rabbit, about half the particles 3 p in diameter are similarly removed, and the 
remainder plus practically ali those 1.5 p in diameter and smaller penetrate 
into the lungs. Substantially the same results have been reported by Boyland, 
Gaddum and McDonald 80 with other experimental animals and man. The 
hacteria that penetrate the upper respiratory passages and lodge in the 
bronchi and bronchioles are probably phagocytosed by the fixed aveolat 
epithelial cells and the wandering leucocytes that enter the bronchioles and 
sacs, a process discussed at greater length elsewhere. 

Lysozyme is, of course, present in the nasal mucus and it has been ob- 
served S1 that the normal serous secretion of the nose contains a virus inactivat- 
ing agent (VM) distinct from lysozyme. The activity is virucidal for the 
influenza and certain other viruses inactivated by sodium desoxychofate but 
what part it plays in resistance to infection is not clear. 

The Mouth, Stomach and Intestinal 'Tract. The healthy mouth ordinarily 
contains great numbers of bacteria, but, except in the case of those organisms 
which have established themselves, this flora is a transient one, the micro- 
organisms being constantly removed through a flushing action of saliva and 
as constantly'supplcmented by fresh contamination. Saliva is but mildly bac- 
tericidal, w and the removal of bacteria is practically entirely a mechanical 
process. The microorganisms flushed to the back of the mouth meet with 
those from the nose and, with them, are swallowed. 

Bacteria reaching the stomach are subject to the strongly acid environment 
of the normal gastric juice, and there is no doubt that the great majority of 
them are destroyed there. Some do, however, reach the intestinal tract, per- 
haps because they arc embedded in solid particles of food and thus protected 
or because they are able to withstand a short exposure to the bactericidal 
action of the gastric secretions. Generally, very few viable bacteria are found 
in the stomach, but the numbers of microorganisms increase in the small 
intestine with the rise in pH from the duodenum to the ileum The large intes- 
tine contains great numbers of bacteria derived not only from the upper levels 
of the intestinal tract but also from the multiplication of bacteria present m 
the intestines as normal inhabitants. /4s in the respiratory passages, mucus 
plays an important part in the mechanical removal of bacteria. Here, however, 
the mucus does not form a uniform coating over the intestinal mucosa but « 
present as a mesh work. The villi free themselves from particles by movements 
which bring them in contact with the mucus to which the particles, including 
bacteria, adhere. The mucus, with the embedded microorganisms, is ro) e 
up into small masses and moved outward by the peristaltic movements o , 
the boweh ss Bacteria, then, which enter the mouth and upper respirator) 
tract are eventually extruded with the feces. , 

The Genital Tract. The normal genual tract is remarkably free from ac 
reria. The urethra in both male and female is normally sterile, a consequence, 


s0 Bov land, Gaddum and McDonald Jour Hyg, 1947,45 290 
81 Burnet, Lush and Jackson Brit. Jour. Exp. Path., 1939, 20 377; rrancis 
1940. 91 198 

Cf. Van Kestcren, Bibby and Bcrrj Jour. Bact., 1942, 43 573. 

Florej : Jour. Path, and Bact., 1933, 37.283 
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acute heart failure. Ilia observations and conclusions have been confirmed by other 
workers (Drinker and Bronfcnbrcnner 1924, Grove 1932a, b). 

Anaphylactic Shock in the Dog. A sensitized dog, after receiving an intravenous injec- 
tion of the specific antigen, shows marked signs of restlessness and excitement. Within 
a few minutes the animal vomits and usually passes urine and faeces, the latter sometimes 
blood-stained. It then collapses and lies prone. The muscles of the limbs are relaxed, 
and the dog appears extremely weak. Respiration is slow, and often deep and laboured. 
Stridor may bo heard, and a little froth may exutlo from tho lips. In rapidly fatal shock 
the weakness progresses, renewed diarrhtta and vomiting set in, and coma, occasionally 
associated with epileptiform convulsions, leads on to death. It has been pointed out 
by Dean and Webb (1924) that tho reaction almost always occurs in two stages, the initial 
acute symptoms being followed by some signs of recovery. In fatal cases these soon give 
place to the second stago of increasing collapse. In other instances severe initial shock 
is followed by a rapid return to normal. 

As demonstrated by Bicdl and Kraus (1909), anaphylactic shock in the dog is associated 
with a progressive fall in blood pressure ; later investigations (Pearce and Eiscnbrey 1920, 
Dale 19206) have made it clear that this is not duo to any failure of output from the heart 
or to any influence of the central nervous system, but to the collection and stagnation 
of tho blood somewhere in the tissues. The studies of Dale and his colleagues (Dale 19206) 
indicate that capillary dilatation is the essential factor. 

Manwaring (1910) performed a largo number of experiments in on attempt to localize 
tbe site of reaction ; and, having found that shock did not occur when the abdominal 
vessels were ligated, proceeded to explore the role of the various abdominal viscera by a 
scries of operative experiments designed to exclude each in turn. He found that the 
exclusion of the liver inhibited acute shock in dogs ; and his observations were amply 
confirmed by subsequent workers (Voegtlin and Bemheim 1911, Dcnecke 1914). These 
results accord well with tlio findings at necropsy. The congestion of the abdominal 
viscera has been noted by many observers ; and Weil (1917) points out that in dogs dying 
of anaphylactic shock in its acutest form tho single outstanding feature at necropsy is 
the enormous distension and congestion of the liver. 

Wo may briefly note certain additional phenomena, which seem to be general toanaphy* 
lactic shock as displayed by any of the species so far investigated, though not dcvelope 
to an equal degree in all of them. There is commonly a sharp decrease in the circulating 
leucocytes and platelets ; and this, as Webb (1924) has shown, is associated with an aggrega- 
tion of polymorphonuclear cells in the capillaries of the lungs, a phenomenon clearly ana o 
gous to that which follows the intravenous injection of bacteria in immunized anima 
In rabbits, the arterioles of the ear are conspicuously contracted during shock ; circ a ing 
leucocytes adhere to the capillary walls and in some cases form leucocytic era o i ( 
and Schenk 1938) Removal of circulating leucocytes and their retention in the tissu 
was also demonstrated by Dragstedt, Ramirez de Arcf/ano and Lawton {1040} in i >o3.o a 
lung of sensitized rabbits, when perfused with blood containing the specific antigen- 
blood platelets share in the aggregation of leucocytes in tho vessels of the ungs an 
tissues There is a decrease in the coagulability of the blood of the dog, iu no 
blood of rabbits or guinea-pigs (see Adams 1953). The work of a numbci o mve , 
(see Dragstedt 1943 ) has excluded changes in the blood dements concerned m . 
coagulation as the cause of this phenomenon, which appears to be due to e i 0 f 

heparin during shock (Joqucs and Waters lMO). There la a deereoso in c ^ , 
complement in the circulating blood (see Ecker 1939, Stavitsky dal. 19 
fall in the body temperature. R fraC . 

Anaphylactic Shock in the Mouse— Mice are relatively resistant to 8hook ‘ . * t0 
tonness vanes with the breed of animal, and in some cases depends on ins “ q P ntltrcn 
sensitization, not insusceptibility to shock (Weiscr d al. IWJ). *f T 8 c ' nro vsky and 

are required for sensitization, and for the intravenous shocking oso ( protein 

Winsten 1953). Freund’s adjuvant greatly improves the sensitizing P 0 ' 
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perhaps, of the flushing action of the slightly acid urine. The few bacteria 
that may be present are confined to the region of the meatus The normal 
vaginal secretion is acid and is markedly bactericidal toward most species of 
bacteria. 

Normal Flora. A microorganism somewhat better able to resist the defen- 
sive mechanisms of the host but at the same time unable, except when resist- 
ance is reduced to a low level, to invade the body tissues, may exist in 
conjunction with the host as a part of the latter’s "normal flora.” The staphylo- 
cocci which are able to resist the bactericidal action of the skin are almost 
invariably present on these surfaces and arc regarded as "normal” inhabitants. 
The scanty bacterial flora of the vagina, on the other hand, is composed 
almost entirely of aciduric bacteria; and the bacterial types present in the 
intestines arc determined to a considerable extent by the type of food ma- 
terial present, i.e., the diet of the host, and by the pH of the various intestinal 
lc\ els. The composition of the intestinal flora is also affected to an indeter- 
minate extent by antagonistic relationships among the bacteria present and 
potentially present. It has been shown,** 4 for example, that some strains of 
coliform bacteria elaborate an antibiotic, colicin, which is effective against 
d>sentcry bacilli. Certain kinds of bacteria, such as lactobacilli, spirochetes, 
various cocci and the like, exist m the mouth in the interstices between the 
teeth and in and under tooth plaques and constitute a normal flora character- 
istic of this region. The bacteria commonly present in the nose and throat 
consist of still different forms, such as pneumococci, Fricdlandcr’s bacillus, 
green and hemolytic streptococci, etc. These organisms, while in a sense a 
normal flora, are not so well established as the flora of some other regions, 
and the nature of the microorganisms present may be determined in large 
part by the kind of bacteria which arc constantly entering the upper respira- 
tor)' tract. 

As long as the resistance of the host is maintained at a sufficiently high 
level, the bacteria constituting the normal flora do no harm. If, however, 
resistance is reduced in some manner, the more virulent forms may invade 
the tissues and set up an infection. The congestion of the nasal mucosa, and 
the consequent interference with ciliary activity and the movement of mucus, 
which follows the temperature shock of chilling, not infrequently make pos- 
sible infection by bacteria such as hemolytic streptococci or pneumococci, 
which arc already present. 

M rrcdcriccj and Lrvinc* Jour. Bact., 1947, 54 785. Halbert. Jour Immunol., 1948, 
58 153. 
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animal that has received an injection of the serum of an actively sensitized animal 
will respond to the subsequent injection of the corresponding antigen by developing 
acute anaphylactic shock. Passive sensitization may be effected with equal or 
even greater certainty by an injection of the serum of an animal that has been 
immunized” against a given antigen by repeated injections, so that it is not 
itself sensitive to the antigen in question. In either case the injection of the serum 
is not usually followed by the immediate sensitization of the recipient. An interval 
of some hours must elapse between the injection of the sensitizing serum and the 
injection of the corresponding antigen if typical shock is to be regularly obtained. 
For maximal sensitization the interval may be even longer— 4 to 6 days (Kellaway 
and Cowell 1922). The incubation period is in part a function of the dose of 
antibody. In passive sensitization of guinea-pigs to a constant dose of ovalbumin, 
Benaceiraf and Rabat (1949) induced fatal shock immediately after the antibody, 
but only when a dose of 2 mgm antibody nitrogen was used ; whereas the injection 
of 0-06 mgm. antibody nitrogen sufficed for shock after a lapse of 5 hours 

No incubation period appears to be necessary for passive intravenous sensitiz- 
ation in the dog (Sherwood ei al. 1948). 

Under suitable experimental conditions, an analogous reaction, “reversed 
passive anaphylaxis,” may be induced in the guinea-pig by injecting antigen first 
and antibody later (see Kellett 1935). Both in “ reversed ” and direct anaphy- 
laxis, shock is produced when the two intravenous injections follow one another 
immediately (Dean et a!. 1936, Zinsser and Enders 1936, van den Ende 1939). 
Van den Ende, testing serum proteins as antigens, obtained reversed passive anaphy- 
laxis with globulin but not albumin— suggesting that the reaction is determined 


by the fixation of globulins — either as antigen or as globulin antibody. 

The efficacy of an antiserum in the induction of passive anaphylaxis appears 
to be related to its content in specific antibody measured as precipitin (Docrr 
and Russ 1909). The amount of specifically precipitable antibody nitrogen required 
for passive sensitization of guinea-pigs to fatal shock was estimated by Rabat and 
Landow (1942) and Rabat and Boldt (1944) to be about 0 03 mgm. ; that is, less 
than 0-2 mgm antibody globulin. Similar figures were obtained with both rabbit 
and guinea-pig antibody (Benacerraf and Rabat 1949). With this minimal sensit- 
izing dose, the optimal shocking dose of ovalbumin was about 50 times the amount 
serologically equivalent (Chapter 7) to the antibody injected. It should be note 
that non-precipitating antibody is also effective in passive sensitization (ha at 
and Benacerraf 1949). This type of antibody, discovered first as a co-precipitating 
antibody (p 235), must not be confused with the non-precipitating, skin-sensitizing 
antibody discussed on p. 1321, which does not necessarily confer anaphylactic 
hypersensitivity. There seems no reason for supposing that the reagents concern? 
differ from those with which our other immunological studies have made 
familiar The experimental study of this phenomenon has, however, brougt ' 
light a relationship that is probably of fundamental importance in iminuno 
mechanisms. Different antisera, produced by the immunization, or scrw ’ 
of animals of different species against a single antigen, differ v i c > m eir * 
to induce passive sensitization in a given species of animal. 

Thus, Avery and Tillett (1929) and Brorra (193») found that 
sensitized to pneumococcal polysaccharides by the injection of a p ^ 

prepared in the rabbit, but not by antipneufflococcal sera P^pare in i _ 0 t be 

(see Friedberger and Hartoch 1909, Scott 1931, Hartley IW0), guinea-pigs 
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THE TRANSMISSION OF INFECTION 


Whatever the pathogenic powers of a bacterium and the efficiency of the 
defensive mechanisms of the host, an essential preliminary to the production 
of infectious disease is a meeting of the parasite and its prospective host. In 
some instances in which the bacterium is naturally saprophytic, it enters the 
body by accident, so to speak; such, for example, appears to be the case in 
tetanus, gas gangrene and similar infections. In most instances, however, the 
bacteria that produce disease are more or less closely adapted to a parasitic 
existence, and pass fiom one animal body to another with only a relatively 
brief sojourn m the external world. In general, then, the transmission of in- 
fection is a process in which the causative microorganism is transferred, 
cither directly or indirectly, from a diseased to a healthy susceptible animal. 

The elucidation of the mechanisms involved in this transfer is a matter 
of considerable practical as well as theoretical importance. If the sequence 
of events that precedes infection is known, it may be, and often is, possible 
to interrupt it at its most vulnerable point and thereby control the spread 
of disease. From the theoretical point of view, disease is by no means entirely 
a matter of host resistance and microbic virulence; it is, in a very real sense, 
the outcome of the interaction of the host and parasite populations. It is at 
this point that the study of the infectious diseases transcends the bacteriology 
of clinical medicine with its emphasis on the individual case, and assumes 
broad biological significance as a problem in interspecies competition. 

The equilibnum that tends to become established between the host and 
parasite populations is an unstable one in that the factors which determine 
it — i.e., the character of the host population in particular and possibly that 
of the parasite population, as well as the environmental factors which affect 
tlieir relationship— are constantly shifting, and the equilibrium ever has a 
tendency to establish itself at a new level. The shift may be a sudden and 
violent one whose outward manifestation is an explosive outbreak cl disease 
or, less commonly, may take the form of a gradual increase or decrease in the 
incidence of the disease. 

The factors associated with the maintenance or shift of this equilibrium 
are the subject matter of epidemiology . 1 The term epidemiology is best re- 
garded in this broad sense and therefore includes the study of the transmis- 
sion of endemic disease, i e., disease which has a low incidence but con 

1 For a general discussion of the principles and methods of epidemiology sec 
Collected Papers, pp. 493—542. Commonwealth Fund, New York. 1941. A brie . 
sion of theoretical epidemiology is given bj' Aycock and Russell. Amer. Jour. t c ** 
1943,206 399. 
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or galnctosido did not induce shock when injected into sensitized animals, but ea<A 
inhibited anaphylactic shock when injected immediately prior to the injection of the 
corresponding carbohydrate-protein compound. Klopstock and Selter (1929) carried out 
similar experiments and obtained similar results, using compounds of protein with atoxy! 
or with tho sodium salt of metanilic acid. Landsteincr and Levine (1930) sensitized guinea’ 
pigs to the D- and L-isomers of p-amino-tartmniUc acid, in each case coupled to horse 
globulin. Tho subsequent injection of the corresponding active gioupiogs coupled to 
chicken globulin induced anaphylactic shock. The shock could be specifically inhibited by 
a preliminary injection of a compound of resorcinol with the active grouping concerned. 
Similar results were obtained with guinea-pigs passively sensitized to p-amino-arsandic 
acid, the active substance being coupled to tyrosino for the inhibition tests. In later 
experiments Landstciner and van der Scheer (1932, 1933, 1938) were able to induce shock 
by injection of the azo-dye compounds alone into animals sensitized with the appropriate 
azo-dye-proteins. 

Specific Desensitization . — The specific desensitization of sensitized animals 
was recorded by many of the earlier investigators (Otto 1905, Rosenau and Anderson 
1906, 1907, 1908, Besredka and Steinhardt 1907, Gay and Southard 1908). De- 
sensitize tion — as then observed, and in the sense in which this term is now commonly 
employed — differs from the inhibitory effect induced by simple haptens in that 
the desensitizing agent is the complete antigen, which is capable, when administered 
intravenously in adequate doses, of inducing typical shock. The desensitizing 
effect is obtained, in place of acute shock, if a very minute dose of antigen is given 
and repeated, or if rather larger doses are given by a route, such as the subcutaneous, 
which ensures slow absorption. The essential conditions for success appear to be 
the administration of an amount of antigen that is adequate in total by some method 
that prevents any rapid accumulation in the circulating blood. It must be empha- 
sized that desensitization, however it is induced, is purely temporary, the anaphy- 
lactic, or hypersensitive state being re-established in a few days or weeks (Vallwy* 
Rudot cl al. 1936, Adelsberger 1936, Gernez 1936). There is no good evidence of 
a permanent removal of an allergic state by specific desensitization. 


The Mechanism of Anaphylactic Shock. 

It is clear that acute anaphylactic shock, as induced by any of the procedures 
that have been described above, belongs to the category of the specific antigen 
antibody reactions. The only question at issue is the mechanism by whw _ 3 
primary reaction, gives rise to the series of events that characterize acute shoe in 
any given animal species. . 

There arc two opposing views. According to one the reaction between an ig 
and antibody, occurring m the circulating blood or in the tissue fluid.*, lea s o 
production of a toxic substance, anaphylatoxm, which, acting on sn.rep i e . ce ’ 
gives rise to the characteristic syndrome. According to the oth' r t c P r ‘ m ' 
reaction occurs not in the blood or tissue fluids but on or in the tissue ce s , 
the reactions that characterize acute shock are due not to any foxier y ° 
antigen-antibody compound itself, or of any derivative from it, u 0 ® 
disturbances initiated by the antigen-antibody reaction. As we a a e i , 

picture that has been pieced together during the last twenty years or so 
m all its essential outlines, from the cellular school, though it con ai 
reminiscent of the anaphylatoxm hypothesis. 

The Humoral or Anaphylatoxm Hypothesis.— The chief protagonist o _ 

ception of the mechanism of acute anaphylactic shock was Friedberger ( 
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The Carrier 

stantly present in a population, as well as the study of epidemic disease, i.e., 
disease of high morbidity which is only irregularly present in clinically recog- 
nizable form. In this connection it may be noted that the term pandemic is 
often applied to an epidemic of unusually great proportions. These categories, 
although useful, are not mutually exclusive; a disease endemic in a com- 
munity may, at rimes, attain the proportions of an epidemic and later subside 
to an endemic level. 

Essential to knowledge of the epidemiology of disease are certain character- 
istics of the etiologic agent and of the clinical infection which determine the 
possible channels of transmission. The more important of these are. 

Cl) th e mule by which the infective agent enters the body, 

(2) the route by which the infective agent leaves the body, 

(3) the resistance of the microorganism to the deleterious effects of the outside env iron 
ment; 

(4) presence or absence of an intermediate host; and 

(5) the relation between frank, clinically recognizable disease and the discharge of 
virulent bacteria from the body. 

The Carrier. With regard to the last, additional explanation is desirable. 
In the early days of bacteriology it was assumed that the contact of host and 
parasite could have only one or the other of two outcomes; cither no infection 
occurred, owing presumably to high resistance on the part of the host, or 
clinically characteristic disease developed in the individual. More recently it 
has become clear that an intermediate state, the establishing of a symptomlcss 
infection, may occur. Such infections are, of course, inapparent and con- 
cealed and may be demonstrated only by isolation and identification of the 
infectious agent. An individual so infected is termed a carrier. 

Two types of carriers arc commonly differentiated, the casual carrier who 
harbors the microorganism temporarily, a matter of a few da>s or weeks, and 
the chronic carrier who remains infected for a relatively long time, sometimes 
throughout life. Such individuals serve, of course, to disseminate the infec- 
tious agent. In the first group are the great majority of earners of the diph- 
theria bacillus, meningococcus, pneumococcus, certain streptococci, etc., and 
the second includes earners of certain of the enteric bacilli, especially the 
tj phoid bacillus. A third type of carrier is often differentiated, the con- 
valescent carrier who remains infected for a greater or lesser length of time 
after recovery from the disease. These last do not, of course, fall into the 
category of concealed infections. Sharp separation is sometimes not possible, 
however, for the casual or chronic carrier may, in fact, be convalescent from 
the disease in a form either atvpical or so mild as to go unrecognized (am- 
bulator)’ eases). 

While it is now commonplace to recognize the existence of the carrier state, 
the implications of the general principle that infection may occur without 
disease arc frequently neglected. Thus it follows that clinically apparent in- 
fections may constitute only a part, in some instances only a very small part, 
of the infections continually taking place. Clearly, then, if an important pro 
jxution of the infections arc of the concealed tv pc, a reasonably accurate esti 
mate of the extent to which the infection is disseminated in the host popula- 
tion cannot be arrived at on the basis of eases of the disease. The implications 
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anaphylactic reactions in the guinea-pig— is in general a prominent feature, though it mav 
vary in degree. There is, however, a high frequency, with these anaphylactoid regents 
of capillary thromboses and embolism in the lungs. 

Among such anaphylactoid reagents— and this has been a source of error in several 
experiments supposed to support the humoral view— must be included all antisera that 
contain a high concentration of Forssman antibody (see Doerr and Pick 1913, Tank 
guchi 1922, Scott 1931 ; sec also Neter 1947). The toxic effect is here due, in part at 
least, to a direct action of the heterophile antibody on the corresponding antigen contained 
in the guinea-pig’s tissues, and may be regarded as a peculiar example of reversed passive 
anaphylaxis. When the Berum is injected by the ordinary intravenous route the first 
stress of tills reaction falls on the endothelium of the lung capillaries, resulting in lesions 
which appear to be identical with those produced by the scrotoxins. 

Another anaphylactoid reagent is ordinary peptone (dc Wade 1907, BiedI and Kraus 
1909, Hirschfcldor 1910, Doerr 1914, 1922, Dale 1920a, 1929, Jfamvaring, Clark and Chilcote 
1923). The resemblance of peptone shock to true anaphylactic shock is very striking. 
In the guinea-pig there is the typical contraction of the bronchioles, in the dog the fall in 
blood pressure and the congestion of the liver. In both there may be found the loss of 
coagulability of the blood and the multiple small subserous haemorrhages that are character- 
istic features of acute anaphylaxis in general. In dogs peptone shock is apparently accom- 
panied by a release into the blood of heparin and histamine (Quick 1936, Holmes <t al. 
3941, Rocha c Silva ctnl. 1947) ; and peptone activates proteases in the scrum (Burdon Hal, 
1951, 17/igar <?/ al. 1953). Peptone and other anaphylactoid agents cause aggregation of 
leucocytes in the blood vessels of the lung and other organs, as occurs also in anaphylactic 
shock. After peptone shock, as after non-fata( anaphylactic shook, dogs remain in a 
refractory state, but peptone refractoriness depends on the degree of shock suffered, and 
cannot be induced by sub-shocking doses of peptone (Dragstedt 1913a). 


Histamine Shock. — Histamine is an amine derived by decarboxylation from 
histidine. The toxic syndrome produced by histamine reproduces very faithfully 
several of the characteristic features of acute anaphylaxis. In the guinea-pig the 
spasm of the bronchioles is constantly present in its most typical form. In the dog 
(Maunter and Pick 1915, Hale 1929) the muscular walls of the efferent hepm 
veins are very sensitive to histamino ; in response to traces of this substance they 
constrict and dam back the blood in the capillary spaces of the liver But there 
are also quite definite points of difference. The distension of the dog s liver wit 
blood and lymph in anaphylaxis is far more severe and persistent than that pro 
duced by histamine. Nor does the blood become incoagulable in histamine poison 
ing ; but this we should expect if the incoagulability was due to the h ora ion 


When powerful histamine-liberating drugs (see Feld berg and Miles 19o ) are 
injected, intravenously* into guinea-pigs, the resulting release of histamine tom 
depots of bound histamine in the body produces an acute anaphyiactm 8 ' 

The importance of these observations lies in the fact that histamine a re * , 

simple substance of known chemical constitution, the pharmacologies ac 
which has been studied in considerable detail. It can hardly be a mere com • 
that on intravenous injection it mimics so closely the syndrome pr uce 
injection of a non-toxic antigen into a sensitized animal. 

Summarizing the evidence up to this point, we recognize a number o s -J 

ranging in complexity from histamine and synthetic histamine; l «&2 rs , 
proteins, which can induce a shock mimicking anaphylactic s »oc '• j t j s 

of these, the shock is produced by the liberation of histamine ; j iscll ’„ 10 ,i 

associated with the activation of serum proteases. We shall defer the 
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The Transmission of Infection 

of this are several. For example, diseases which occur sporadically and do not 
seem to be easily or often transmitted from the sick to the well, such as poliomy- 
elitis, meningococcus meningitis, lethargic encephalitis, pneumococcus pneu- 
monia, etc., may be as widely disseminated and readily communicable as 
measles or the common cold, but the clinically distinctive disease is the ex- 
ception rather than the rule. Furthermore, the rise or decline of infectious 
disease or its age or geographical distribution may not reflect a corresponding 
variability in the prevalence of the infection but may, rather, be a conse- 
quence of variation in the case-carrier ratios. Though here inferred from the 
observed occurrence of the carrier state, none of these possibilities remains 
purely hypothetical for all have been found to exist. Thus, carriers of virulent 
pneumococci do not occur predominantly in the higher age groups, nor diph- 
theria bacillus carriers in the school child, where the morbidity of these dis- 
eases is highest; diphtheria bacillus carriers arc as common in the tropics as in 
temperate climates despite the relative rarity of clinical diphtheria in the hot 
climates, and so on. In many other cases, such as that of poliomyelitis, such a 
situation is suspected but technically difficult to prove. It will be obvious, 
therefore, that the recognition of the carrier state and its implications is basic 
to sound epidemiological thinking and of primary importance to the under- 
standing of the mechanism of spread of the infectious diseases. 

The epidemiological factors given above arc most readily and most satis- 
factorily determined by experimental study when a disease is of known 
etiology, but sometimes may be approximated to a relatively satisfactory 
degree by indirect evidence. For example, although the famous Broad Street 
Pump epidemic occurred prior to the discovery of the etiology of cholera, 
the indirect evidence plainly indicated to Snow that the infective agent left 
the body in the feces and entered the gastro-intcstinal tract via the con- 
taminated well water . 2 

Epidemiological Types of Infectious Disease. On the basis of such 
fundamental information, the infectious diseases may be separated into a 
number of epidemiological types which, despite certain limitations, serve to 
illustrate the diversity of ways in which infection may be disseminated. 
A rough classification, based on the assumption that the human being is the 
recipient of infection and that the control of diseases of man is the point at 
issue, follows: 

Cl) diseases of lower animals transmissible directly to man (rabies, tularemia, ghn 

ders, etc.): 

(2) diseases of animals or man transmitted by insect vectors in which 

(<?) the insect acts as a mechanical carrier (the house fly and typhoid teserj, 

(b) the parasite multiplies in the insect vector (bubonic plague), 

(c) tbe parasite is transmitted from one insect generation to the next y 

fection (spotted fever), and . . v 

(d) the parasite undergoes a portion of its life cycle in the insect (malaria.;, 

(3) diseases of animals or man transmitted indirectly . 

(a) by water (the enteric infections such as typhoid fever, cholera, etc.}, 

(b) by milk (scarlet fever, bovine tuberculosis, undulant fever, etc.), 

2 The original papers have been reprinted under the title Snow on Cholera. Comma 

wealth Fund, New York. 1936. . _ , n i A mpr Tour. 

3 Epidemiological types of infectious disease are discussed briefly by baker: 

Trop. Med , 1943, 23 559. 



1308 ANAPI1TLAX1S, BYPEItSENSITIVENESS AND ALLERGY 

be rendered hypersensitive by prolonged perfusion with diluted serum from anar.hr 
lactic or immunized guinea-pigs. This hypersensitiveness is hardly perceptible 
after 1 hour's perfusion, hut it is easily perceptible after 5 hours' perfusion, a period 
strikingly similar to the latent period in passive sensitization in the living animal. 
Nevertheless, an almost immediate sensitization of the isolated uterus can be pro- 
duced in vitro, resembling in speed that which must precede the anaphylaxis follow- 
ing the almost simultaneous injection of antigen and antibody into the whole animal. 

A fact of great significance was established by Dale while investigating the 
response of the uteri from immunized guinea-pigs. These animals had received 
repeated injections of horse serum increasing in amount. Some of them were 
injected intraperitoneally with 5 ml. of horse serum but showed no sign of shock. 
Nevertheless, the uterine horns, removed from other animals of the same series, 
reacted with a typical contraction on the addition of horse serum to the bath, thus 
showing that fixed antibody is present in the immune as well as in the hyper- 
sensitive animal, and lending strong support to the view that the immune guinea- 
pig is protected by the excess of antibody in its circulating blood. 

Tile protective function of circulating antibody is clearly illustrated in some of Weil’s 
experiments (see Fig. 270). A series of guinea-pigs were passively sensitized by the intra- 
peritoneal injection of 0-1 ml. of rabbit- v-horee serum, i.e. the serum from a rabbit immu- 
nized by repeated injections of horse serum. Three days later one animal received 2 ml. of 
this antiserum(20 sensitizing doses) and immediately thereafter 0 01 ml. of horse serum (1-2 
anaphylactic doses). This guinea-pig showed slight symptoms only. It was killed ; its 
uterus was tested by Dale’s technique, and its serum was injected into another normal 
guinea-pig which was tested 24 hours later by the injection of horse serum. The uterus of 
the first animal gave a typical reaction, showing that it had anchored the antibody injected 
3 days previously, and that this fixed antibody had not combined to any appreciable 
extent with the 0 01 ml. of antigen subsequently injected under cover of a protective doso 
of antibody. The second guinea-pig developed typical shock, showing that a considerable 
amount of the antibody injected into the first guinea-pig immediately prior to the injection 
of the antigen had remained unneutralized in the circulation. Another sensitized guinea pig 
of the same series received 2 5 ml. of the rabbit-v-horse serum (25 sensitizing doses) and 
immediately thereafter 0-4 ml. of horse serum (52 anaphylactic doses). It died in acute 
shock, showing that tho amount of antibody present was not sufficient to ^protect t R 
cells contain*^" fivpd antibody from this excessive doso of antigen. The uterus, 
removed imn 


was injected 

serum. It developed moderate symptoms only, showing that tne greater "* 
circulating antibody in the animal that died of acute shock had been neutia ize y 
large dose of antigen. It should be noted, however, that serum antibody does not always 
protect. Morris (1 936a) recorded that an excess of an tibody injected into sensitized guine • 
pigs led to an increase, not a decrease, of sensitivity. Warren 

Using antigens labelled with radioactive iodine as shocking agents, Dix >n an . .. 
(1950) observed an apparently specific uptake of antigen by the lung of the anap j 


Taking the evidence as a whole, the different behaviour of the hypersensitive an 
“ immune ” guinea-pig may with some confidence be attributed to a ere 
relative concentration of fixed and circulating antibody. josofi. 

If, however, we turn to other animals the evidence is more co use jj „_ 2S . on 8CU j e 
Scott 1931) ; and the observations of Manwaiing and his colleagues ( - J 
an.pl.ylms in the dag are part.eularly difficult to fit mto the ^ dUn. 

that wo havo drown above. It seems, however, altogether unlikely ^ tabk , 

of acute anaphylaxis differs fundamentally from one animal to ano i , 
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(c) by food (typhoid and paratyphoid fevers), and 

(d) by inanimate objects or fomites, such as books, towels, etc. (scarlet fever, 
diphtheria and the like), 

(4) diseases of man transmitted direedy 

(a) by infective droplets — air-borne infection (the respiratory diseases and others) 
and 

(b) by direct contact (the respiratory and venereal diseases in particular). 


Air-Borne Infection. OF these modes of transmission air-borne infection is 
one of the most important. In recent years Wells 4 and his associates have 
shed new light on the mechanism of transmission of disease, especially 
respiratory disease, from man to man by the experimental elucidation of 
droplet infection. It was postulated many years ago by Plluggc that such dis- 
eases could be transmitted by infective droplets. The droplets which he 
studied, however, were greater than 0.1 mm. in diameter and fell to the 
ground soon after expulsion by sneezing or coughing, seeding the air for only 
negligible distances. Epidemiological considerations, however, seemed to de- 
mand air-borne infection effective at considerable distances. Wells and his 
co-workers have shown that Pfluggc’s evidence was incomplete and that 
under the usual conditions of humidity particles or droplets smaller than 0.1 
mm. in diameter are evaporated completely before reaching the ground, leav- 
ing suspended nuclei consisting essentially of organic matter, salts and bac- 
teria, to become, for all practical purposes, a part of the atmosphere. The sur- 
vival of pathogenic microorganisms in such nuclei is, of course, largely a 
matter of their resistance to drying, and it has been shown that some of the 
respirator)' pathogens, including viruses such as that of influenza, may re- 
main viable and infective for many hours under these circumstances. 5 The 
process of expulsion of such droplets in coughing, sneezing and talking has 
been photographed by Jennison 0 and is illustrated in Fig. 30. Studies of the 
air in various types of rooms under various conditions have yielded data on 
the quantitative aspects of air contamination, green streptococci have been 
used as indicators of air pollution in much the same manner as Bacterium 
colt is used for studies on water pollution. In general, enormous numbers of 
bacteria of respirator)’ origin have been found in the air of crowded rooms, 
especially when the occupants arc sneezing, and there can be no doubt of the 
significance of these observations in relation to the explosive spread of respira- 
tory disease in a non-immune population. 

Evidence has accumulated in recent years 7 which strongly suggests that 
the inhalation of air-borne bacteria in dust may be an even more important 
factor in the dissemination of infectious disease of the respirator)' tract than 
that of directly expelled infected droplets. The use of oiled blankets and 
floors under experimental conditions in hospital wards has, in a number of 
instances, proved a highly efficacious method of control of the spread of in- 
fection. The direct destruction of air-bome bacteria by the use of gtycot and 

‘Set? the review articles by Wells: Jour. Amcr. Med. Assn., 1936, ‘107.1698; and bv 
Wells and Wells- Amcr Jour Met! Sci . 19 13, 206 II. 

1 Cf. the rev iew b> Duchbindcr. Jour. Amcr. Med Assn- 1942. 118 718. 

•Jcnmvrn Amcr. Awn Ad\ anermrni Sci , Pub. Nn 17,1942. p 106. 

1 r<>r a divcuswon sec Amcr. Jour. Pub Health. 1948. 3S 409 
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The Role o! Histamine in Anaphylaxis.-The evidence for the essential role 
of histamine in anaphylactic shock falls under four beads. Firstly, the likeness 
between histamine shock and anaphylactic shock, which we have already noted- 
secondly , the demonstration that tissues contain histamine that can be mobilized 
by suitable stimuli ; thirdly, the demonstration of histamine mobilization during 
shock ; and fourthly, the suppression of shock by measures that destroy or inhibit 
histamine or inhibit the reaction. 


Lewis (1927), in his classical studies on the reaction of the skin to a localized stimulus 
or injury, was able to Bhow that the local reddening, due to the dilatation of the minute 
blood vessels, and the succeeding local wheal, were independent of the local neuro- vascular 
mechanism, whereas the surrounding flare, due to the dilatation of the neighbouring 
arterioles, was dependent on a local axon reflex. He concluded that the reddening and 
the wheal formation were the result of a chemical stimulus provided by some substance 
liberated from the injured cells ; and he found that histamine, alone among the many 
known substances that he tested, reproduced in complete detail the vascular changes, includ- 
ing increased capillary permeability, induced by the hypothetical cell constituent, which 
he referred to as the j H -substance. Dale and his colleagues (see Dale 1929, Dale, Dudley 
and Thorpe 1927, Harris 1927, Thorpe 1928) showed that histamine is a normal constituent 
of many different tissues ; and the evidence available strongly supports the view that it 
exists during life in an mdiffusible form, from which it can be released without gross damage 
to, or death of, the cells that contain it. 

The relative histamine content of different tissues is interesting and suggestive. Using 
a physiological method of assay (see Thorpe 1928, Harris 1927) the lungs have been found 
to contain between 35 and 75 ragm. of available histamine per kilo, the liver between 
2 5 and 6 0 mgra., the skin as a whole about 6 mgm. (2 4 mgm. in the epidermis and 4 mgm. 
in the dermis). Other tissues contain much Jess. The voluntary muscles contain about 
1 mgm. per kilo, the testis about 1-8 mgm., the submaxillary gland about 0 5 mgm., and 
the thyroid about the same. These figures arc mainly for the organs of horse and ox. 
The histamine content of the different organs varies with the species of anunal. TIw» 
the skin of the rat contains 30-40 mgm. /kg., but that of the guinea-pig only about 
6 mgm./kg Again, the blood of rabbits contains 1 to 5 pg./ml., that of man and t w 
guinea-pig less, and that of the dog very little. The blood histamine, it should be note * , 
is mainly in the granulocytes and platelets (see Code 1952). The plasma normally contains 
very little ; free histamine is fairly rapidly destroyed by liistaminase or diamine ovi ases 
in t , ~> - 1 - — . . , r 


in the blood, they calculated the amount present in the animals ol lue — 
and found it enough to account for the vascular reactions of the shocked amnia ‘ , 

substance was specifically destroyed by the enzyme liistaminase (Drags t an 
19366 ; see also Code 1939). - , , „ 0 f 

Watanabe (1931) obtained some evidence that the histamine content ot tn b 
sensitized guinea-pigs was abnormally high, and much less in the lungs < * n,n \ • i.» P 

shock. Bartosch, Fddberg and Nagel ( 1 932) w ere the first to demonstrate a lustam • ^ 
substance in the perfusate of sensitized guinea-pig lungs when antigen was a 
perfusion fluid. This observation was confirmed by a number of porkers, and -j 

of the substance with histamine more firmly established (see SebM 14 ). ^ 

quantities of the histamine-like substance were also found m the blood o I J J 
rig after .hock (S.mc- — ' '“V. Code 1939) knrge 

liberated from the live 

liver of sensitized dog*, 4 - ■ . • 

and heparin into the perforate. Release is better whpn uncimieu w •* 



232 Flic I mnsmission of Infection 

other bactericidal aerosols (p. 150) and ultraviolet irradiation is not only 
feasible in some circumstances but lias given encouraging results. 


Fig. 30 The atomization of mouth and nose secretions demonstrated by high spe 
photography. I , A violent sneeze in 3 normal subject, note the close approximation o 
teeth, resulting in effective atomization. 2, Head cold sneeze, note the strings or mucus 
the less effective atomization of the viscous secretions 3, A stifled sneeze. 4, Sneeze t to 
a dense face mask. S, Cough, note the lesser discharge than in the uninhibited sn • > 
Enunciation of the letter f. Qennison.) 

Even though air-borne infection, whether by infected droplets or dust 
borne bacteria, is an important factor in the spread of respiratory disease, vei> 
often direct contact with infected persons may assume a major role. 

As may be inferred from the outline above, a disease not infrequent y 
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even h°w far we should locate the injury and liberation of histamine in one type 
of cell and the response to the liberated histamine in another. Wc have noted 
discrepancies between the relative histamine content of different organs and the 
damage they suffer in shock. There arc other hints of a distinction between 
the source and the site of action of the liberated histamine ; for example, isolated 
plain muscle from the sensitized dog gives no significant response to the specific 
antigen, but the plain muscle of the dog is sensitive to histamine. • 


We may now consider briefly the effect of anti -histamine substances on anaphylactic 
shock. Histamine is readily destroyed by the enzyme histaminasc (Best and McHenry 
1930). However, though Knrady and Browno (1930) 'claimed to have protected sensitized 
guinea-pigs from shock by intravenous injections of the enzyme 15 minutes before the 
shocking dose, their findings were not subsequently confirmed (Knoll 1940, Rose and 
Browne 1941, Youngner, Freedman and Nungestcr 1941, Alexander and Bottom 1040). 

A large number of substances have now been synthesized which inhibit the pharma- 
cological action of histamine, some more specifically than others. Most of the more effective 
of these drugs diminish, and may even suppress, the symptoms of anaphylaxis in the ex- 
perimental animal which arc referable to free histamine. They do not nffect sensitization ; 
nor do they appear directly to affect the antigen, tho antibody, or the antigen-antibody 
combination ; and they act by neutralizing the released histamine. Much larger doses 
are usually required than thoso necessary to antagonize the estimated amounts of histamine 
released (see the review of Fcinbcrg et al. 1950). 

The administration of suhlcthal doses ofliistamine induces a state of increased tolerance 
to the drug. Fanner (1939) and Knrady (1041) contend that histamine desensitization i3 
accompanied by a moderate degree of desensitization to specific anaphylactic shock. Tell 
and others (1943, Rodney and Fell 1943) immunized rabbits with horse globulin coupled 
with the pharmacologically inactive yj-aminobcnzoyl histamine, and induced the formation 
of antibodies whose specificity was partly determined by the histamine. The immunized 
animals were then sensitized with ovalbumin. As compared with non-immune sensitized 
controls, there was definite evidence of a diminished liberation of histamine into the blood 
during shock, and of a diminished Bkin sensitiveness either to shocking doses of antigen, or 
to histamine- Immunized guinea-pigs, subsequently sensitized to ovalbumin, were largely 
protected against fatal shock. Coffin and Knbat (1940) confirmed this result, but foim 
tho effect to be non-specific, bccnusc immunization with unmodified horse protein was 


also protective. 

The R6Ie of Acetylcholine and other Endogenous Substances in Anaphylaxis.— ^ ent 
and Lissak (1930, 1938) and .Martin and Went (1939) reported that, during the perfusion 
of the heart of a sensitized guinea-pig with antigen solution, a substance resem m? 
choline is liberated from the muscle, and that the heart muscle of sensitized puneapi 
is more sensitive than the normal heart to the pharmacological action of choline, tv e 
suggested that choline and acetylcholine, as well as histamine, may be ra c 
different organs during shock Wenner and Buhrmester (1937) found ace } c 
the blood stream of rabbits after shock, but Ratnoff (1939) could not confirm eir » 
Kourilskv and his colleagues (1938) detected no acetylcholine in the hemorrhagic e 
of shocked animals. They noted that acetylcholine produced no hiC “ 0, ?'f ag ^. I ea 
tissues on local injection, whereas histamine did so. Nakamura an i ° jn 

pointed out that acetylcholine shock and anaphylactic shock have ma • y modl . 
common, but feu in common with histamine shock, both m symiilomato c«y 
fication by physostigmme, csenne and other drugs. They attn u e ... un ; on 

of anaphylactic shock to acetylcholine liberated as the letult o ^ TaWlM ,,i 

in the region of the nerve-endmgs of the sympathetic sjstcm ( able 

1938, Nakamura 1941. Chigira 1941) Farbcr, Pope and Landstemcr (1W « ^ 
regularly to demonstrate histamine in shocked guinea-pig lun c , } 
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The Bacterial Population 

a certain epidemiological character which may at times be even more familiar 
to the epidemiologist than the causative agent is to the laboratory worker. In 
the case of epidemic influenza, for example, the disease is, at present, an 
epidemiological rather than clinical entity and is diagnosed with reasonable 
accuracy only during epidemic penods. Similarly, epidemiological studies 
have shown the existence of two kinds of smallpox, the one a relatively in- 
nocuous variety with a low case fatality and the other a severe disease (so- 
called malignant or ‘'black” smallpox) with a high case fatality. The differ- 
ence between these varieties is real and of no small practical importance even 
though indistinguishable by clinical observation of the individual case (p. 
859). 

The epidemiology characteristic of a given disease shows, on the one 
hand, certain, and sometimes close, relationships to other similar infections, 
and, on the other, a certain variability which arises as a result of transmission 
in more than one way. The enteric infections, cholera, typhoid fever and the 
bacillary dysenteries, are similar to one another in epidemiology but are quite 
different in this respect from the respiratory diseases or the insect-borne 
diseases. The epidemiology of typhoid fever, however, is variable within 
limits and depends to some degree upon whether the disease is water-borne, 
milk-borne or transmitted by food or contact. Clearly, then, although it is pos- 
sible to speak of certain broad principles of epidemiology, the epidemiology 
of a disease is in itself a special case and must neccssanly be considered else- 
where (see later chapters) under the head of that disease. 

The epidemiological character of a disease is dependent primarily upon cer- 
tain aspects of the microorganism and the clinical infection as indicated 
above, and secondarily upon the habits, environment and mass susceptibility 
of the host population. To return to the example of typhoid fever: any mode 
of transmission is necessarily one that provides a connecting link between 
infectious fecal matter and the mouth of a susceptible human being, and the 
possibilities arc, to this extent, limited. The age, sex and seasonal incidence, 
to some extent the case fatality, and the geographical and sociological dis- 
tribution of cases are reflections of both the mode of transmission and the 
character of the population. In the case of water-borne typhoid, the drinking 
water supplies the connecting link, and the ensuing epidemic, limited to the 
area supplied by the contaminated water, shows no respect for age, sex or 
economic status. Milk-borne typhoid, on the other hand, geographical!;, 
limited by the route by which the infected milk is delivered, exhibits an in- 
creased incidence in the lower age groups and among females, and is some- 
what more frequent among those of higher economic status. Other modes of 
transmission arc similarly reflected as minor variations in the epidemiological 
character of the disease. 

Although the characteristics of the infectious agent and the clinical disease 
determine the means by which disease may he transmitted, the extent of its 
spread is a mass phenomenon determined by the character of the host and 
parasite populations and, as a corollary, their interaction with one another. 

The Ifnctcrinl Population. The well-known variation in the severity 
and “contagiousness” of the infectious diseases is a consequence of corre- 
sponding variation from one species of pathogenic bacteria to another in 
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of the earlier injections. The rabbit, as a whole, had become so sensitized that it 
reacted in this characteristic and abnormal way to the injection of the specific 
antigen at any site (see also Seegal, Seegal and Jost 1932, Davidoff, Seegal and 
Seegal 1932). This reaction, in its typical form, appears to be peculiar to the 
rabbit. However, similar local changes occur on injection of antigen into species 
like the guinea-pig, rat and dog, provided that an adequate amount of precipitating 
antibody is present in the circulation. The experimental preference for the rabbit 
is probably based upon the greater readinea^with. which this species forms suitable 
antibodies. There is intense inflammation at’^he site, characterized by adherence 
of polymorphonuclear leucocytes to the vessel walls, followed by migration into 
the surrounding tissues and the development of mural thrombi of leucocytes and 
platelets, and some necrosis of the endothelium of the arterioles and venules. 
After about 24 hours the polymorphonuclear response is gradually replaced by a 
less intense mononuclear cell infiltration, and a process of repair begins, accom- 
panied by the development of multiple discrete foci of plasma cells (Gell and 
Hinde 1954). 


Abell and Schenk (1938), by means of a transparent window grafted into rabbits’ 
oars, observed that half an hour after introduction of the antigen there was an intermittent 
segmental spasm of the arterioles, which was soon followed by the histological changes 
outlined above. The cause of the arteriolar spasm and adherence of granulocytes to the 
vascular endothelium is not known, but when the invasion of the tissues by circulating 
granulocytes is prevented, much of the oedema and vascular damage characteristically 
seen in the reaction i9 eliminated (Stetson 1951 ; and J. H. Humphrey, unpublished). 


The Arthus reaction appears therefore to have at least three components: 
(«) relatively rapid events whose visible effect is upon the local blood vessels but 
which do not by themselves cause extensive necrosis ; (6) the formation of leucocyte- 
platelet thrombi and intense invasion of the tissues by polymorphonuclear leuco- 
cytes, which is accompanied by, and may actually be the cause of, cedema and 
necrosis of the vessel walls ; and (c) a delayed infiltration by macrophages and 
histiocytes, which probably reflects the response of the body to a foreign protein 
localized by the allergic reaction, and may even lead eventually to antibody pro- 
duction at the site. It is possible, however, that this last stage represents a 
“ tuberculin-type ” of reaction (see p. 1329) due to the simultaneous existence ( 
two types of hypersensitivity in the actively immunized animal 


The Arthus Phenomenon ; Passive Sensitization. — The capacity to produce an “ 
reaction can be passively transferred by injection of precipitating antibo y rom 
same or another species, and the intensity of the reaction produced is P™P^ r * oaa • 
the amount of precipitin in the tissues (Culbertson 1935). The studies o va a 
his colleagues (1947, Benacerraf and Rabat 1950) showed that, m the ra i an 8“ 
pig, the reaction occurred when either the antibody or the ant.gen was introduced into 
body first, and that the intensity of the reaction was proportional to the amount ' °*“ ‘ ' 

present, within a wide range of antigen concentrations, provide e amou c 

was in excess of that required to neutralize the antibody. lnima ^eac i ^ 

duced m the rabbit when 25 w of antibody N were injected 

half an hour later by antigen either intravenously or into thesamos.tc. I « ^ 
pig, intravenous injection of 0-41 /ig. antibody ^ was sufficien o p intracu t a neously hai: 
and of 0-09 /<g. to produce mild reactions, when followed by an lg geml ti z ation tc 

an hour later. These amounts are much larger than those req h capacity 

“ immediate » anaphylactic reactivity (p. 1302). Unlike passive anaphylaxis, cap. 
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their ability to invade the body tissues and, once established, to produce 
clinical disease. As indicated in a previous chapter, a single species is poten- 
tially variable in these respects, for such variation can be induced by 
appropriate experimental manipulation. The possibility of such intraspecies 
variation in a bacterial population existing under natural conditions is one 
that has intrigued students of infectious disease for many years. 

It is tempting to account for the genesis and rise of epidemic disease by 
assuming that the causative agent of a disease of endemic proportions gains 
in virulence by successive passage from person to person until its patho- 
genicity is so enhanced that an epidemic ensues. Similarly, a sojourn in a host 
population containing an increasingly large proportion of immunes might be 
expected to result in a diminution in the virulence of the microorganism and 
consequent subsidence of the epidemic. Furthermore, successite epidemic 
waves might conceivably result from periodic fluctuations in the virulence of 
the parasite. Unfortunately for such an explanation, there is little or no direct 
evidence that alter.it/ons in virulence play an important part in the evolution 
of single or secondary epidemic waves, and, in nature, bacterial virulence 
appears to be a relatively stable character/ 

On the other hand, differences in the severity of a single disease From one 
epidemic to another arc, in part, attributable to the existence of strains of 
the infectious agent which differ from one another in virulence. Benign 
and malignant smallpox referred to above is a case in point, and some workers 
believe that some strains of the diphtheria bacillus produce a more severe 
disease, (he., with a higher case fatality) than others (p. 611). Although 
variable from one strain to another, available evidence indicates that within a 
single strain virulence docs not fluctuate to a demonstrable degree. 

Possibly attributable in part to alterations in bacterial virulence are the 
changes in morbidity and mortality of some diseases such as scarlet fever, 
syphilis and tuberculosis, over long periods of time. In the case of scarlet 
fever the twenty-five years prior to 1 830 was a period of very low death 
rates and was followed by a forty-year period of high death rates. Since 
then the death rate has declined and, though the incidence remains high, 
the case fatality is relatively low. In other diseases only a decline has been 
observed. Syphilis is no longer the scourge it was in the sixteenth century, 
and the present decline in tuberculosis began before the institution of pre- 
ventive and therapeutic measures. In still other diseases, such as measles, no 
such long-term alterations m prevalence have been observed. Information is 
as yet too limited to assess these phenomena; possibly in some diseases t ere 
are long-term periodic fluctuations in bacterial virulence (this maybe an 
fact and represent only variations m the prevalence of virulent epidemic 
strains of the parasite) while in others an adaptive reduction in virulence or 
increase in resistance on the part of the host or a combination of both may 
play a part. . 

In general, it may be said that, m the short view, the bacterial population, 
as it exists in nature, is remarkably stable in so far as its ability to pr uce 
disease in a host population is concerned. Although the seventy of a isease 

8 Cf. Aycock, Lutman and Foley Amer. Jour. Med. Sci., 1945, 209.395. 
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bc <m given the name of “ serum sickness." An excellent description of the disease 
and a detailed discussion of its significance arc contained in the monograph of 
von Pirquet and Schick (1905), and in the review of Longcope (1943). The ma t 
extension of scrum therapy ill modern times has provided the data for large-scale 
surveys of the incidence and kinds of scrum sickness (see Park 1921 1928 Beer 

1938, Lyall and Murdick 1D38, Davis 1938, Rutstein et al. 1911, Kojis’l942)’ For 
our immediate purpose we need refer only to the following points. 

The reaction must be distinguished from the disturbances of the thermo-regulatory 
mechanism, and the cardio-vascular reactions which are commoner sequels to the injection 
of serum. It occurs after primary as well os after subsequent injections. It is in no 
way related to the antibody content of the injected serum, but is a response to the foreign 
protein as such, which is usually horse serum. The reaction may occur within 2 hours 
of the injection of the serum, and up to 24 days after, though an incubation period of 
8 to 12 days is commonest. Among the u immediate ” reactors, there is often evidence 
of previous treatment with horso serum. Younger people are more prone than older, 
though the proneness may reflect the fact that younger persons are more liable to have 
bad previous antiserum treatment, as compared with persons whose youth was passed 
in an age of less extensive serum therapy. The illness itself is characterized by rashes, 
especially of an urticarial typo and often commencing at the sito of the inoculation, by 
fever, joint pains, slight cedema without albuminuria (or with a mere trace of albumin 
in the urine), nnd by a varying degree of glandular swelling usually confined to the regional 
glands that receive the lymphatics from tho site of inoculation. The illness is variable 
in duration, protean in its symptoms, and seldom of a serious nature, though it may be 
associated with severe discomfort. It is probably never fatal. The nervous system is 
affected, though rarely. Tho commonest lesions occur in the 6th and 6th cervical nerves. 
Neuritis is followed by flaccid paralyses of the muscles, with a slow and, in the greater 
proportion of cases, a complete recovery. Both motor and sensory nerves are affected. 
The neuritis may affect one or many nerves, and in some cases the lesions are more 
central and may even be cerebral. The neuritis is usually ascribed to an urticarial cedema 
of the nervous tissue (see Davis 1951). It should bo noted that these paralyses may follow 
the injection of other antigenic substances — vaccines and preparations of toxoid (see 
Kennedy 1929, Allen 1931, Young 1932, Doyle 1933, Ayer 1935, Wilkinson 1937, Bennett 

1939, Hughes 1944). 

In a tiny minority of cases an entirely different reaction follows the injection of serum, 
the patient dying within a few minutes with symptoms resembling those of acute anaphy- 
lactic shock. Park (1908) records two such cases among 50,000 persons who received 
serum injections in New York (see also Park 1921, 1928, Vance and Strassmann 1942). 

Acute anaphylactic shock can also follow the injection of antigens other than serum 
proteins. There are, for example, a number of cases on record of shock after a secori 
dose of a bacterial toxoid ; the peptone used in the preparation of the toxoid appea 
to have been the responsible agent (see Parish and Oakley 1940, V erne and arr 

1946). 

We may note that processes which change the antibody globuhn m0 * ec ^ e 
m antisera from the horse also reduce their capacity to cause serum rea l ■ 
Thus, when proteolytically refined anttsera (Chapter 7) are employed t ’VZZtly 
of serum sickness and of sensitization to serum sickness, are reported to g * J 
reduced (Pohacker-Fntsch and S.egl 1941, Koj.s 1942 , see also Coghill et al 1910, 
Jones and Roberts 1941, Top and IValson 1941). 

Experimental Serum Sickness and Related Plrenomerra.— Tire d etaile, d ate Ij f ^ 
the syndrome that follows the intravenous injection of a single ^ g 
heterologous serum into rabbits was in, Hated by Rich and Gregor) 
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may, and often does, vary from one epidemic to another, variation in viru- 
lence is not an important factor in the single epidemic wave. Over long 
periods of time, however, alterations in virulence may contribute to the 
changes in morbidity and mortality observed in some of the infectious 
diseases. 

The Host Population. In contrast to the relative stability of the bac- 
terial population, the human population is highly variable in its resistance to 
infection, and the variation, attributable to both intrinsic and extrinsic fac- 
tors, is not infrequently of such magnitude that its consequences are of con- 
siderable practical importance. 

Since a population, human or infrahuman, is composed of individual 
organisms, it follows that its character is determined by the nature of these 
individuals and their relations to one another, and its reaction to an external 
influence is expressed in terms of the aggregate of the reactions of its mem- 
bers. The response of a human population to an infectious disease is, of 
necessity, measured in terms that arc composites of the responses of the in- 
dividual members of the population — in short, by some method of counting. 
Such counting is, of course, the basis of statistics, and the statistical method, 
with its ramifications and refinements, is a powerful tool which makes pos- 
sible the study of the response of human populations to disease — a response 
which is measured in terms of rates, ratios, life tables and similar numerical 
devices. 

Of the intrinsic factors which determine the response of a human popula- 
tion to on infectious disease, one of the most important is age distribution. 
The quantitative predominance of the lower age groups characterizing an 
immature population declines with population growth while the higher age 
groups correspondingly increase. As a consequence, the diseases of childhood 
and early adult life, such as diphtheria, tuberculosis and the like, arc rcla- 
ti\cly prevalent in an immature population but become progressively less so 
with the passage of time, while the diseases of old age increase in incidence 
with the maturing of the population.® The frequency of an infection is ex- 
pressed as a rate, cither as the number of persons infected in a given unit of 
time or incidence, or as the total number of persons infected at any one time 
or jncuilcncc. Girrectinn of morbidity and mortality rates is a practical 
necessity and is made cither by the use of specific rales, i.c., the proportion 
of cases or deaths within a specified age group, or by the use of standardized 
rates which arc not the observed rates but rather what the observed rates 
would be if the age distribution of the population were that of a standard or 
reference population . 10 

The sex distribution of a population and its racial composition arc of 
somewhat lesser practical significance, although in some communities in the 
*r«*r a discussion of ilio-c problems see Pcrrott and Holland. Milbjnk Mem. Fund 
Quart; 1940. 18 359. . ^ 
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certain persons develop a characteristic symptom-complex as the result of natural 
contact with some particular substance or range of substances. The substances 
that may evoke this responso arc of the most varied nature : in hay fever, pollens 
of various species ; in asthma, pollens, horse dander or the cutaneous debris from 
other animals ; in the food idiosyncrasies, a wide range of different materials ; in 
the drug idiosyncrasies, a whole scries of chemical compounds which have' no 
common determinant structure. 


One of the most striking features of the idiosyncrasies as a group is that— 
as in the anaphylactic reaction— the symptom-complex bears no relation to the 
particular type of substance by which it is evoked. In spite of the varied nature 
of the exciting materials concerned, the syndrome induced has an essential uni- 
formity ; though there arc minor differences which seem to depend in the main on 
the particular route by which the reacting substance gains access to the tissues. 
It Is particularly striking that, in the case of many drugs, the response exhibited 
by the hypersensitive subject— using hypersensitive in this particular sense- 
bears no relation to the pharmacological action of the drug in question. From 
among the drug idiosyncrasies, we must exclude those which are anaphylactoid, 
due in some cases at least to the capacity of the drug to release histamine from the 
tissues {see Schachtcr 1952). 

The reactions induced may be either local or general. Among the former are 
the local reaction to the intracutaneous injection of horse serum or to the appli- 
cation to the skin of such a drug as iodoform, the coryza of hay fever and perbap3 
the associated asthma, and the acute vomiting and gastro-intestinal disturbance 
that follow the ingestion of a particular foodstuff. Among the latter are the 
generalized urticarial eruptions or oedema that may follow the administration 
by any route of a substance to which a person is hypersensitive, the occasional 
pyrexia, and the asthmatic symptoms that sometimes follow the entry of the 
exciting substance by a route other than the respiratory tract. There is also a 
group of delayed reactions in the skin, exemplified by the “ contact dermatitis 
following exposure to poison ivy and similar natural products, and to certain 
chemicals It is of interest in tins connection to note that with the displacement 
of serum therapy of bacterial infections by chemotherapy, serum sickness has 
largely been replaced by allergic reactions to the sulphonamides and the antibiotics 


(see, e.g , Florey 1952) 

There are obvious points of similarity between this group of reactions on the 
one hand and anaphylactic hyper-sensitiveness on the other, but there are also 


obvious divergencies. 

Among the points of similarity we may include the following (see Coca 1920a). 

In both cases the reaction is specific. Although the naturally hypersensitive 
person may react to several different substances the range is usually limited* an 
may be confined to a single chemical substance. In both cases the type of iesponso 
is essentially the same for a single animal species irrespective of the nature o e 
exciting substance. To this we may add refractoriness of the animal or tissues ii 
which a reaction has been elicited to the same allergen, and in some cases, s P eC * ? 
desensitization. We should note also that histamine release has been demonstrate 
from the blood and skin (Katz 1912), and bronchial ti-wnca (Schihl rt nf 1951) 


allergic human subjects, on contact with antigen. _ . 

Among the features that have been held to distinguish the two con ltions 
the following. (1) The exciting agent in anaphylaxis is always an antigenic s 
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United States the high mortality rate of the Negro has necessitated the use 
of race-specific mortality rates . 11 

The extrinsic factors which alter the resistance of a host population to the 
spread of disease may exert their effects in either or both of two ways: Cut 
by influencing the resistance of part or all of the individuals comprising the 
population, and, second, by influencing the relationships between individuals. 
Perhaps the most important factor in the first category is active individual 
immunity. If a sufficient portion of a population is immune to a disease as a 
result of artificial inoculation or recovery from an attack, the resistance of the 
entire group to epidemics of that disease is of a high order, a phenomenon 
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Fig. El- Changing age distribution m the population of the United States. Estimates 1940 
to 1980 by Thompson and VVhclpton. 


which has been termed herd immunity. Other factors may reduce the resist- 
ance of the individual, in times of stress or calamity, for example, when rela- 
tively large groups are undernourished, fatigued and exposed to inclement 
weather, epidemic disease may spread with great rapidity. 

Equally important to the resistance of a population to epidemic disease 
are the factors which determine the interrelationships of its members. Crow 
mg in large gatherings or the enforced close association arising from inade- 
quate housing facilities obviously provides opportunity for the dissemination 
of respirator}’ and other diseases transmitted directly from man to man, an , 
as well, certain indirectly transmitted infections, such as louse-borne typhus 
fever. Similarly, the spread of enteric infections is, to a large extent, depen 
ent upon sanitary* facilities and the solution of the twin problems of water 
supply and sewage disposal. Group practices which support a large rat popu 

11 For a discussion of the methods of population study with respect to disease sec Fear . 
Introduction lo Medical Biometry and Statistics, 3rd cd. W P- Saunders 
Philadelphia. 1940. 
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nitrogenous material is removed (Grove and Coca 1925). In these respects atopens 
do not differ essentially from antigens. 

We 'have seen that many haptens, when injected intravenously into actively or 
passively sensitized guinea-pigs, vril] induce acute anaphylactic shock, and we might 
expect a similar phenomenon in natural hypersensitivity. 

There remain instances of drug idiosyncrasies that are not so readily explicable 
along these lines, since the chemical structure of the exciting agent is not of the 
relatively complex kind which characterizes those haptens that are capable of 
inducing acute shock in a sensitized animal. 

Numerous observations have, however, indicated a possible mechanism by which such 
Bimple compounds might come to function as complete or partial antigens. It has been 
found that animals may be Bonaitized by tho injection of atoxyl and scrum, or even of 
arsenical compounds alone (see Klopstock and Scltcr 1929, Mayer and Sulzberger 1931, 
Sulzberger and Mayer 1031) ; and it seems probable (Landstciner and Lovine 1930) that 
in such cases a preliminary union occurs between tho simplo arsenical compounds and some 
serum or tissue protein, with the formation of an effective antigenic complex. In later 
studies Landsteincr and Jacobs (1936) sensitized guinea-pigs with neoarsphenamine, and 
induced shock by the intravenous injection of guinea-pig Berum mixed with arsphenamine, 
or arsphenamine alone. Jacobs (1932) succeeded in sensitizing guinea-pigs to iodinated 
sera by injecting them with guinea-pig serum mixed with Lugol’s iodine solution, and 
suggested that a similar mechanism might be involved in the development of iodine sensi- 
tiveness in man. Horsfall (1934) injected formolized rabbit serum into rabbits, and 
found that tho animals developed skin sensitivity to uncombined formaldehyde. Land* 
Steiner, ns part of liis investigations of experimental contact dermatitis, induced both 
skin sensitivity and nnapli 3 ’lactic sensitization by the intrncutanoous injection of aromatic 
substances like picrvl chloride and dimtrochlorobcnzenc (Landstciner nnd Jacobs 1936, 
Landsteincr and Chase 1937) and non-aromatic substances like diazotnethane and mustard 
oil (Landstciner nnd di Somma 1938) These substances arc all highly reactive and capable 
of forming conjugates with tissue proteins, and arc also known to induce dermatitis or 
other forms of hypersensitivity in man (see, for example, Wedroff 1932 ; see also Land- 
eteiner nnd Chase 1939, 1940b). From a study of tho sensitizing action of tetryl (trimtro- 
phenylmcthj'lnitramuie) in the skin of guinea-pigs. Cell (1944) concluded that this substance 
also acted by forming a picryl protein in certain tissues ; though there was evidence that 
not all compounds of tetryl and guinea-pig protein would stimulate sensitivity, and that 
sensitivity was not necessarily associated with the presence of circulating antibodies to 
picryl protein. Cell and his colleagues called substances of this kind pro-antigens (sec 
p 302), whose antigenic potency among other things depended on their power to combine 
with tissue proteins. The substance 2,4-dimtrophenol is a pro-antigen, and in a study o 
eight homologous dimtrophenyl compounds, Eisen, Orris and Belman (1952) found that 
four, which combined irreversibly with skin proteins both in vivo nnd in vilro, were strong 
skin-sensitizing agents, and four winch did not had no pro-antigenic activity. It maj a so 
be noted that though p-phenylenediamine induces skin sensitivity in guinea-pigs, the 
ponding ortho- and meta-compounds do not sensitize; and substitution of SOy . r 
_i CH 3 or —OH groups for the — NH 2 in the pam-compound destroyed its sensitizing 
action (Nitti et al. 1937). 

Mode oE Sensitization in Man ; Active and Passive.— Tho second differential 
criterion between hypersensitivenc , w and anaphylaxis is the mode of sensitiza ion. 
There is no question that human hypersensitiveness occurs naturally an a 
hypersensitive reactions rapidly develop in persons with no known prc\ious con i ac 
with the antigen eliciting the reaction. Nevertheless, there is good evi once 
this condition frequently arises as the result of active sensitization. 
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Iatfon make bubonic plague a potential menace, and the presence of large 
numbers of mosquitoes of the appropriate spedes allows the wide dissemina- 
tion of malaria and yellow fever. These and other factors, political, socio- 
logical or economic in nature, obviously exert no small influence on the 
resistance of a population to the spread of disease . 12 

The Interaction of Host and Parasite Populations. It will be clear 
from the foregoing discussion that the interaction of the host and parasite 
populations is a highly complex phenomenon. Even assuming that the para- 
site population, when the parasite is a pathogenic bacterium, remains rela- 
tively constant in its ability to produce disease, the resistance of the host 
population is in a constant state of flux and the equilibrium between the two 
is rarely a “steady state.” As has been indicated, the relation between host and 
parasite populations is a part of the general problem of intcrspccies com- 
petition, and has been studied at length, particularly by the economic 
entomologist 13 and the experimental zoologist . 11 The infectious diseases of 
man constitute a series of special cases of the host-parasite relationship, differ- 
ing from one another with respect to mode of transmission, incubation period, 
period of infectivity, immunity, case fatality, etc. The studies on infectious 
disease have taken two forms, one, the theoretical analysis of epidemic spread; 
and the other, the experimental investigation of controlled epidemics among 
populations of laboratory animals, i.c., experimental epidemiology. 

Theoretical Analysis. The theoretical treatment of the dissemination of 
infectious disease in a susceptible population is exceedingly difficult because 
of the tremendous number of variables which arc involved. If, however, 
certain simplifying assumptions be made, anahsis in terms of the mathe- 
matics of probability yields information of considerable significance, and a 
certain insight into the evolution of the single epidemic wave ma> be gained. 

The evoluton of the single epidemic wave is best considered here by the 
arithmetic method of Frost, 1 "' which involves finite differences. Let C = thc 
number of cases, S = the number of susccptibles and N = the contacts per 
day, then r, the contact rate per day, is given by 


It is assumed that each case is infectious, that one contact suffices to pro- 
duce the disease in a susceptible individual, that multiple contacts arc disre- 
garded, and that the unit of time (the day) is small enough so that C and S 
do not change materially during that period. Then the number of contacts 
per unit time f (the day) is 

Xt - rCSt 

The probability of contact is, therefore, 


,J SiRcmt. CmhsoiioM anil Dne.tse. Cornell Umscnitv Press. I lines. 19-13. 

11 See the rcsicsss by Nicholson- Jour. Animal Ecol , 1933, 2.132. and bv Thompson- 
Parasitology, 1939. 31:299. 

14 Cause: The Struggle for Exigence. Williams & Wilkins Com pans , Baltimore. 1934. 
,s rmst- Cutter Lecture. 1928. unpublished. Method outlined bs Zinsser and Wilson 
Jour. Pres. Med , 1932. 6 40 ? 
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The detailed study of this passive atopic sensitization was taken up by Coca and his 
colleagues and by other investigators. Coca and Grove (1925) gave the name alopk 
reagins to the antibodies present in the scrum of naturally hypersensitive persons, by 
which the specific hypersensitiveness can be passively transferred to the skin of non-sensitive 
persons. These reagins were demonstrable in the serum of nil those subjects of hay fever 
or of asthma in whom the reaction to the intradermal injection of the specific at open was 
positive. Not all normal skins were receptive, about II per cent, failing to react at all, 
and some 5 per cent, giving slight or doubtful reactions. The remaining 81 per cent, were 
fully receptive, and the local passive sensitization lasted for at least 4 weeks once It had 
been established. Tlic reagm could bo neutralized by the specific atopen in the test-tube, 
but gave no precipitin reaction in vitro, nor would it induce passive anaphylaxis in fhe 
guinea-pig. In a control series of experiments they noted that the normal human skin 
could hot be passively sensitized to egg white or to ragweed-pollen with rabbit antisera, 
although these contained specific prccipitins. Similar phenomena have, however, been 
noted in the case of passive anaphylaxis ; neither horse antisera nor chicken antisera arc 
effective in the passive anaphylactic sensitization of the guinea-pig, though antisera pre- 
pared in the rabbit are highly efficient from this jioint of view. Levine and Coca (1927) 
found that there was a proportional relationship between the degree of sensitivity of the 
skin and the reagin content of the serum in 33 cases of hay fever. 

Clarke and Gallagher (I92G) gavoa very clear-cut demonstration of the latent period 
in passive atopic sensitization and of tho in vivo neutralization of reagin by atopen without 
the production of any tissuo reaction. They injected 0 05 ml. of atopen into one area 
of skin, and 6 minutes later they injected 0-05 ml. of reagin-containing 6crum into the same 
sito and 0-05 ml. of the samo serum into a second site some distance from the first. No 
reaction occurred after thoso injections, showing that tho union in tho tissues of atopen 
and reagin under conditions that give no time for the preliminary fixation of the reagin 
does not produce the typical response. Next day each site was reinjected with the same 
quantity of atopen. At tho second site, where no atopen had previously been injected, 
a typical reaction occurred. At tho first sito no obvious response was elicited, showing 
that the reagin had been neutralized by tho atopen that was present when the sensitizing 
injection was given. 

Reagins and Antibodies. — As outlined above, the reagin differs from antibody 
in its inability to precipitate specifically with the atopen in vitro. Conversely, 
there is evidence that sera rich in precipitins arc not necessarily effective skin- 
sensitizers. 

Otto and Adclsberger (1931) observed that a typical reagin, from persons sensitive 
to horse dander, w as very effective in sensitizing human skin, less so guinea-pig skin, an 
unable to sensitize guinea-pigs to anaphylactic shock ; w herens the sera of persons suffering 
from serum sickness, or of man, rabbits and guinea-pigs that had produced antibody w 
response to injections of horse serum, were only moderately effective in sensitizing human 
skin but quite effective in sensitizing guinea-pigs, both locally in the skm, acd to ana 
phylactic shock. On the other hand, Caulfeild, Brown and Waters (1937) were abc o 
induce the same specific sensitization to extract of ragweed pollen in the skin of a norr ™\ 
person by serum from a hypersensitive person, and by serum from a guinea-pig immuniz 
with ragweed extract ; and Straus (1937) found that rhesus monkeys were readily sensitize 
by the injection of human sera containing reagins. . , . 

The experimental work with reagins is largely earned out, for obvious reasons, in s • 

It should be noted, nevertheless, that passive sensitivity is conferred by the reagmic se 
on many other tissues and organs as well (see Walzer 1941). 

Skm-sensitizing antibody can also be induced in the rabbit (Cooke and Spa* 
1929). One pre-requisite for the production in these animals of sensitizing an i o 



238 The Transmission of Infection 

and the probability of avoiding contact is 

q = 1 — p ■= 1 — rCt 

Since there are 1/t units of time in the entire period, the chance of avoiding 
contact over this period is 

Q « (1 - rCt)* = e-rc 

Therefore, the chance of at least one contact is given by 
r = 1 - e-* c 

and the number of new cases infected during the day is 
PS « (1 — e -rC ) S 

Assuming the incubation period to be one day — i.c., the contact of one day 
is the case of the next — a theoretical epidemic wave may be built up by a 
series of substitutions in the last equation. Starting with 10,000 susceptibles, 
one case, and a contract rate, r, of .0002, the first day, 

(1 — e-***) 10,000 =■ 2 (new cases). 

the second day, 

(1 - e- ««■) 9998 = 6 

the third day, 

(1 - 9992 = 18 

and so on through the complete epidemic wave. Various modifications such 
as limiting the period of infectivitv through the introduction of case fatality 
and the development of immunity, extending the incubation period, and 
the like may, of course, be made. This kind of treatment is, of course, an 
application of the law of mass action. The first relationship, N = rCS, be- 
comes rCS = dC/dt and may be manipulated in a variety of ways. Wilson 16 
has developed this approach at some length. 

Theoretical epidemics built up in this way show a remarkable similanty 
to observed epidemics of disease, and, although the factors entering into 
the determination of the value of r are highly complex, it is evident that 
the probability of chance contact is a factor of primary importance in the 
evolution of the epidemic wave. In a population consisting largely or entirely 
of susceptibles, this probability is large and the disease spreads rapidly, but, 
as the number of susceptibles is reduced by conversion to cases, immunes 
and fatalities, the probability diminishes and the epidemic subsides 17 It may 
be noted that the term "contact” is used to mean "effective contact and more 
than one meeting with a case may be required to make up an effective 
contact. It is often said that an important factor in epidemic spread is dosage, 
i.e.y the number of microorganisms that a susceptible individual encounters 
within a definite period of time. An adequate "dose" is, clearly, an effective 
contact. 

10 Wilson and Worcester: Proc. Nat. Acad- Sci., 1944, 30 37, 264, ibid., 1945, 3/ 2 , 

17 For experimental studies on the mathematical theory of epidemics see 
WcKendrick Jour. Hyg , 1939, 39.291 et ante. Also the summary by Mciwikk • 
Edinburgh Afed. Jour., 1940, 47:117. 
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antibodies could sensitize guinea-pigs to anaphylactic shock with toxoid, but only tho 
precipitin was active in passive Arthus sensitization. Tho non-precipitating antitoxin 
co-prccipitatcd with the precipitating antitoxin, thus resembling the “ univalent ” anti- 
body of Hcidelbcrger (p. 290). Sherman, Mcnzcl and Scebohm (1950) iiad earlier sug. 
gested that rabbit reagins might be “ univalent ” antibodies (but sco Vaughan and Kabat 
1953). 

As wo saw in Chapter 7, there is no reason to suppose that “univalent,” or “low- 
grade,” antibody differs essentially from precipitating antibody. Both are associated 
with the y ami sometimes the ft globulin fractions of serum. Koigins, on tho other hand, 
appear to be more commonly associated with a and p globulin fractions (Cooke d al. 1951, 
Campbell ct al. 1954). They differ strikingly from precipitating antibodies in their affinity 
for skin tissue, and in heat lability. Heat lability, however, is not nil invariable property ; 
rabbit rcagms arc heat -stable (Sherman ct al. 1948). Heat lability is tested in whole serum, 
and it is possible that heating docs not directly destroy human rcagin, but facilitates the 
formation of a complex with other serum proteins (cf. p 252). Antitoxic reagin, indeed, 
is converted by heat into a specific blocking antibody (Kuhns and Pappenhcimer 1952); 
and an analogous complex formation with serum albumin occurs when precipitating anti- 
toxin is heated, rendering the antibody non-precipitating without affecting its antitoxic 
potency (Kuhns 1953). 

Wo May, then, regard reagin as one of the general family of antibodies deficient 
in precipitating power, with physicochemical peculiarities that determine its readi- 
ness to adsorb to animal tissues, and, in certain species of animal, to form non* 
sensitizing complexes with other serum proteins under the influence of heat. 

It must be emphasized that skin sensitivity can be induced by precipitating 
antibodies, and anaphylactic hypersensitivity by reagins. Moreover, the distinc- 
tion on other grounds is by no means clear cut. We have noted that rabbit 
reagins arc not hcat-labilc ; and Chase (1947) found that hypersensitivity in 
guinea-pigs induced by simple but reactive chemicals, like picryl chloride, was 
transferable to normal guinea-pigs by the heat-stable anaphylactic type of antibody 
which nevertheless, like a rcagin, sensitized the skin for periods up to 3 weeks. 

Wc conclude therefore, that there is no case for the term atopen, as a name 
cither oh a class oh substances distinct from antigens as a whole ; or, since both 
reagins and precipitins may be induced by one and the same antigen, of a sjiecial 
class of antigens. There is perhaps a case for retaining the term reagin to denote 
non-precipitating antibodies inducing a relatively long-lasting hypersensitivity °f 
the immediate type m skin and other tissues ; but not as a name for a class of 
substances distinct from antibodies in general 

Natural blocking antibodies appear to be more closely related to the full p rc ' 
cipitins, as are the blocking Rh antibodies to hremagglutmins (p. 245) ; they are 
probably distinct from the blocking antibodies made by heating antisera. 

Passive Sensitization by Cells. — The immediate type of reactivity, as we ha\e 
seen, is often transferable passively in the scrum of the hypersensitive annua • 
Sensitizing chemicals, like the substituted chloro- and intro-benzenes wc discusse 
oup. 1320, may give rise to antibodies that induce in the normal animal an anap ) 
lactic immediate-type skin sensitivity, which can be elicited by the chemica con 
jugated in vUto with a protein (see Chase 1947) ; but usually they induce in ® 
actively sensitized animal a delayed type of sensitivity appearing in 5- ‘ 

that is not transferable m the serum. , . i 

That sensitization of this kind is dependent on a systemic reaction m the anun 
was clearly demonstrated by Landsteiner and Chase (19406), who failed to in uc 
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The nature of herd immunity will become clear at this point, for the 
higher the proportion of immunes in a population the smaller the probability 
of effective contact between case and susceptible, i.e., many of the contacts 
will be with immunes, and the population exhibits a group resistance to 
epidemic disease which may be of such a high order that an epidemic is no 
longer possible and the disease smolders in an endemic fonn as a result 
of the importation of new eases or the persistence of infection in healthy 
carriers whose contacts will give nse to an occasional case. A susceptible 
member of such an immune population, then, enjoys an immunity that is 
not of his own making but arises as a result of his membership in the group. 
A measure of this protection is given as Q in the above equations. 



Clearly there will be a critical proportion of susceptibles and immunes 
in the population, with a greater number of susceptibles epidemic disease 
can develop and with a lesser number it cannot. This critical point has 
been termed threshold denstty and is that which prevails at the peak of the 
epidemic wave. The total number of cases in the epidemic will, then, be 
twice the number of susceptibles in excess of this threshold density present 
at the beginning, and following subsidence of the wave the population is 
left with a greater or lesser degree of herd imnumitv. 

Such precise relationships an* only approximated in nature. In practice 
the threshold density fluctuates and is a function in part of dosage. When 
the prevalence of a disease is high a given individual will be subjected to 
a greater number of bacteria per unit time; some, previous!) immune to 
smaller doses, wall become susceptibles under such circumstances and the 
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The Genetic Factor in Anaphylaxis and Hypersensitiveness —The fourth char- 
acter that has been held to distinguish human hypcrscnsitivencss from anaphy- 
laxis is concerned with the part played by inheritance in the two conditions. There 
is evidence (Cooke and Veer 1916, Coca 1920a, Spain and Cooke 1924, Clarke, 
Donnally and Coca 1928) that human hypersensitiveness tends to run in families! 
As regards the anaphylactic state, which among the allergies has been the most 
clearly established as due to an antigen-antibody reaction, we should expect that 
heritable variations in immunizability would be reflected not only in antibody 
formation but also in sensitization ; and, as we saw in Chapter 42, there is evidence 
that responsiveness to antigens is heritable. But although in passive anaphylaxis 
the sensitivity is related to the amount of antibody employed, there is no evidence 
to indicate how far sensitivity is associated with the degree of active immunization, 
or whether such an association is hereditarily determined. 

The incidence of natural human hypersensitivity is, of course, no direct measure 
of the proportion of the human race that has an hereditary disposition to sensitiz- 
ation. Among other things the opportunity for experience of the antigen, the 
intensity and duration of that experience, the nature and the route of entry of the 
antigen both as a sensitizer and an inducer of the sensitive reaction, will affect 
the issue. But when we can subject a sample of the population to a fixed sensitizing 
dose, we find a significant variation in response. In experimental sensitization of 
man with an extract of a Primula sp., for example, Bloch and Steiner-Wourlisch 
(1926) observed that, whereas some persons were sensitized with one application, 
others required several applications. 

With regard to the inheritance of human hypersensitiveness we have already noted 
(see Cooke and Veer 1910, Spain and Cooke 1924) that the genetic factor appears to be 
concerned with a tendency to develop reaginic hypersensitiveness in general, ratiier than 
a sensitiveness to any one antigen in particular. It appears to be unusual to find that 
parents and offspring, or sevc " '' 

tlie same substance , one may 
to cat hairs, and bo on. It h . 

tlie type of hypersensitive reaction in general appears to be m some degree inherited ; 
t/ic tendency to develop asthmatic symptoms, i6r ihsthncc, deihg~ jjnrrtc triiiijr'j >•" 
certain families. 

Among the 131 young adults they tested, Kuhns and Pappenhcimer (1952) found 
40 that were hypersensitive to diphtheria toxoid ; of these, 35 (87-5 per cent.) had a persona 
or a family history of allergy Put m another way, tlie incidence of hypersensitivity 
was 60 per cent, in 59 subjects with a positive history and only 7 per cent, in those with 
a negative history. , 

Landsteiner and Chase (1940a) report that guinea-pigs can by breeding be separated 
into strains of high and low susceptibility to sensitization by dinitrochlorobenzene, or o 
the atopens of poison ivy, thus affording one indication of a similarity between man an 
experimental animals in a heritable tendency to develop hypersensitivity. 

There are insufficient grounds for postulating an essential difference between 
anaphylaxis and hypersensitiveness on the premises of our present knowledge o 
the influence of genetic factors in the two conditions. 

Desensitization in Hypersensitiveness and Idiosyncrasy. 

Specific Desensitization.— With regard to the fifth distinctive character some 
observers, and particularly Coca (19206), lay great stress on the difficulty ot ctesen* 
sitization in the sensitive human subject as compared with its relative ease an< 
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"effective concentration/’ so to speak, of immunes declines with consequent 
effect on the herd immunity to epidemic disease. This effect of dosage on 
the host population has been termed infection pressure and is a matter of 
considerable practical importance. Successive epidemic waves may, then, 
occur as a consequence of increased infection pressure as well as through 
the accumulation of new susceptibles (sec below). Recurrent waves of a 
disease that is a clinical but not an etiological entity are, of course, another 
matter. 

The question of the relationship between an infectious disease and a sus- 
ceptible population over a long period of time is somewhat more complex. 
Mathematical treatment such as the Ross malaria equations and Martini’s 
equations for immunizing diseases 18 is too far removed from reality to have 
much practical significance, principally because the mathematical approach 
requires that the parameters remain constant over long periods of time. This 
condition is probably rarely if ever satisfied; it is well known, for example, 
that within the last century both diphtheria and scarlet fever, previously 
of low prevalence, took on a malignant character and higher prevalence for 
some decades and then within the last forty years have gradually declined 
in both prevalence and severity. It is of some interest, however, that the 
differential equations of Martini, for example, show one stable equilibrium 
at the origin and another at a positive value which is approached by a series 
of oscillations above and below the final state of equilibrium so that a series 
of epidemic waves appears. These solutions suggest that (a) under certain 
circumstances a disease may tend to die out and (b) under other circum- 
stances a disease will reach an equilibrium after a series of epidemics of de- 
creasing severity . 19 Such periodicity in the incidence of many infectious 
diseases is well known, one of the best examples is that of measles which 
recurs in epidemic form at approximately two-year intervals. So far as is 
known, however, no infectious disease occurring under natural conditions 
shows a damped periodicity approaching invariancy though it has been found 
to occur in experimental epidemics in which the immigration rate of the new 
susceptibles is very high (vide infra'). 

A disease will, of course, die out if it does not reproduce itself, i.c., if 
the bacterium is present only in the active case and each case does not, on 
the average, give rise to a second case. It is not unlikely that some diseases 
arc dying out m this way, it has been suggested , 20 for example, that the 
decline in tuberculosis is due in part to inability of the disease to reproduce 
itself, a process accelerated by isolation of active cases. The second suggestion 
is of interest in connection with the epidemic periodicity of certain diseases 
such as measles, which appears in epidemic form usually at two year inter 
vals. It is obvious, of course, that following an epidemic a new crop or sus 
ceptibles appears, and when their numbers reach a sufficiently high * eve ’ ® 
new epidemic ensues and so on ad infinitum . It is unlikely, however, t a 
these epidemic waves are damped as predicted by theoretical equations, or 
subtle variation in the complex of factors that are oversimplified as parameters 

is For a discussion of this general problem see Lotlca: Elements of Physical 
Williams & Wilkins Company, Baltimore. 1925. 

1B See Wilson and Worcester: Proc. Nat. Acad. Sci., 1945, 3 f ;294. 

2° Frost: Amer. Rev. Tuberc., 1935, 32:644. 
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Delayed reactions of tlie tuberculin type are definitely diminished, even by 
relatively small doses of the hormone (Long and Favour 1950, Lon" and Miles 
1950, Harris and Harris 1950). There is in rabbits an associated suppression of 
the characteristic reticulo-endothelial cell reaction (Gell and Hinde 1951 ; see also 
Osgood and Favour 1951). 

Sensitization of guinea-pigs to tuberculin is also decreased by cortisone, but the capacity 
of lymphocytes to transfer hypersensitivity is not altered (Cummings and Hudgins 1952). 
(For other references, see the review of Kass and Finland 1953.) The action of cortisone 
is obscure. Long and his colleagues (see Long 1954), who described in guinea-pigs a tuber- 
culin desensitization by ascorbic acid, sought to relate it to control of amino-acid metabolism, 
which in turn affects the oxidation of ascorbic acid and the accumulation of glucose-1- 
phosphate, an intermediate of carbohydrate metabolism ; experimentally the phosphate 
ester proved to be a powerful desensitizing agent. 

Summarizing, it appears that reactions involving a proliferation of mesenchyme 
cells, whether antibody-forming cells during sensitization, or the inflammatory cells 
associated with delayed-type reactions, are diminished by the hormone ; but that 
the immediate, purely exudative reactions arc little altered. In any event, the 
reaction of antigen with antibody does not appear to be affected. 


ALLERGIC REACTIONS IN BACTERIAL INFECTIONS 

The term allergy is almost impossible to define precisely. We use it in a loose, 
but widely accepted sense to cover a group of reactions characterized by a heightened 
or accelerated response to a particular type of antigen, irrespective of the balance 
of harm, or benefit, that the altered response confers on the allergic host. 

All the phenomena of hypersensitivity could obviously be included under 
this general label. In the present section we are concerned with those instances 
in which an allergic state develops in relation to a bacterial infection. 

It has already been noted that bacterial haptens may induce acute anaphylactic 
shock in a sensitized guinea-pig ; but before discussing allergic reactions in the 
wider sense we may refer briefly to anaphylactic sensitization with bacterial 
antigens. 

Active anaphylactic sensitization has been induced with various bacterial antigens 
and passive sensitization with the corresponding antibodies (Rosenau and Anderson, lOOi 
Kraus and Doerr 1908, Holobut 1909, Kraus and Adrairidzibi 1910, Zinsser and Parker 1917> 
Tomcsik and Kurotcbkin 1928, Lancefield 1928, Enders 1929, Avery and Tibet 1929), or y 
Dale’s technique with the isolated uterus (Zinsser and Parker 1917, Zinsser and Malory 
1924, Tomcsik and Kurotchkin 1928). The reactions are specific and desensitization 
can be demonstrated. Sensitization to bacterial antigens cannot, however, be produce 
with the same ease as can sensitization to such antigens as horse serum or c D g 
white. A single injection of bacteria frequently fails to produce any demonstrable sensi 
tion, and the most successful results have been obtained by giving repeated small injec io 
of antigen, followed by an interval of three weeks or so before the intravenous injec ton 
the test dose, which should be relatively large. A technical difficulty in wor o 
kind is introduced by the fact that many of the bacterial suspensions employed are tw • 
selves toxic when administered in any considerable dose, and the symptoms t ft eve 
in normal animals after the injection of massive doses of bacteria or bacteria p ^ 
may be very similar to anaphylactic shock. The difference in the response of norma a 
sensitized animals may, therefore, bo relatively difficult to detect. 
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will wipe out the damping effect. It will probably be many years before 
predictions regarding the future of infectious diseases attain a status better 
than that of guesses. 

Experimental Epidemiology, 21 The information that may be dcrited 
from observation of naturally occurring disease, i.c., descriptive epidemiology, 
is limited since the observer has no control over the process and for all prac- 
tical purposes the experiment is earned out for instead of by him. In experi- 
mental epidemics, however, the conditions may be adjusted as desired and it 
may be anticipated that such experiments will be highly informative. 

In recent years the study of epidemics of infectious disease developed in 
populations of laboratory animals under controlled conditions has been ear- 
ned out by Toplcy, Greenwood, Wilson and others in England and by 
Webster and his colleagues in the United States. 22 These experimental 
epidemiological studies have been confined, for the most part, to the study 
of the dissemination of Salmonella typhi-murium ( aertryckc"), Salmonella 
enteritulis, Pastcurclla muriseptica and the virus of cctromelia (a foot-pad 
disease of mice) among populations of mice. Mouse typhoid and pasteurel- 
losis arc regarded as analogous to human diseases such as typhoid fever in 
which there is an imperfect immunity and carrier state, and cctromelia as 
analogous to human diseases in which a solid immunity is developed, such 
as diphtheria. The extent to which the analogies may be carried, and to 
which the conclusions reached arc applicable to the considerably more com- 
plex human population as it exists under natural conditions, is open to some 
question, nctcrthcless, these studies, as yet in their infancy, have yielded 
\aluablc information. 

The experiments which have been carried out were of two general types. 
The closed epidemic was produced in a population of mice, often about 
fifty in number, by the introduction of infected animals. The other type 
of experiment was carried out in an infected mouse population recruited by 
continuous immigration, i.e , mice were added at regular intervals, the rate 
\ ary mg from one mow*; c\cry three days to six mice per day. The results 
may lie summarized briefly: 

(1) The epidemic ware initiated in the closed population by the intro- 
duction of infected inditiduals closely resembled those observed in the 
human population. 

(2) The effects of dispersal of the infected population of the closed epi- 
demic into large or small groups at various times during the development 
of the epidemic were studied. The time at which the population was dis- 
persed was found to lie of primary importance; the later dispersal was 
effected, the less farorablc the result, and after the peak of the epidemic 
wave was reached it continuer! unchecked c\cn though the population was 
dispersed to individual mice. This is of particular interest since fleeing from 
an epidemic has been a popular method of escaping infection, viz. the 
Decnmcron. In this connection the results of dispersal of children from the 
industrial ccnicrs of England in 1939-1940 may be noted. A sharp reduc- 
tion of 40 per cent or more in diphtheria morbidity occurred in the cvacu- 

91 See the general discussion by Toplrv Proe. Hnv. Soc., Scr. H. 19-12, 130 347. 

11 See the resiew bs Grcermtml. Hill, Topics and Wilton Medical Heicanh Owned 
Special Hcp-rt Senes No 209. 1946 Webster: Medicine. 1946. 25 77. 
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a relatively short interval a local chancre does not develop (Truffi 1910) ; but reinfection 
with a different strain may induce a typical local lesion (Kolle and Schlossberger 1926). 
Brown and Pearce (1921) infected a number of rabbits and treated some of them with 
arsphenamme shortly after the development of the primary chancre. Five days later 
these rabbits were injected with the same strain of Trep. pallidum. Most of the treated 
animals developed chancres. The untreated animals did not. 

Kolle (1922, 1924) treated rabbits with neosalvarsan at various stages of infection. 
He found that rabbits treated within about 6 weeks after the initial infection usually 
responded to a subsequent injection by developing a new chancre. When treatment was 
delayed beyond this point, reinfection seldom gave rise to a chancre. When treatment 
w as delayed for about 3 months a new chancre could very rarely be produced. Rabbits 
that were treated and reinfected at long intervals after the primary infection (75-250 
days) were not, however, completely resistant to reinfection (see Kolle and Prigge 1927, 
1929). Tissue extracts from treated rabbits that had not been reinfected were non- 
infective for normal rabbits, but similar extracts from treated and reinfected rabbits gave 
rise to characteristic lesions, showing that the spirochetes had gained access to the tissues 
and were presumably multiplying in them, at least to a limited extent. On these grounds 
Kolle and his colleagues maintain that the immunity to reinfection displayed by rabbits 
that have been treated in this way is only a “ chancre immunity.” The exact significance 
of this term is a little dubious. We have noted many examples of a partial antibacterial 
immunity in which bacteria may persist for long periods in the tissues without giving rise 
to any of the lesions that they produce in non-immunized animals. Moreover, the evidence 
suggests that a more complete immunity against Trep. pallidum may bo induced under 
optimal conditions. Uhlenhuth and Grossmann (1928) treated syphilitic rabbits with 
neosalvarsan 107 to 506 days after the primary infection. Attempted reinfection 3 (o 
10 months after treatment gave rise to no obvious lesions ; and m only 4 of II rabbits 
could spirochetes be demonstrated in tlie tissues. 

The results of experiments where the cures were obtained with the more efficacious 
penicillin even more clearly indicate an immunity persisting after the destruction of the 
spirochretes (sec Chapter 81 ; and, for a comparable state of affairs in a bacterial disease, 
brucellosis, see Pollack et al. 1952) 

The point at issue is not whether immunity to reinfection, and “ symptom-immunity,” 
exist in animals with demonstrable infection ; that is clearly established : but whether 
immunity ts rcinvx&rrtfy dependent en the infected state. As Stantsky points 

out, in proofs based on demonstrable susceptibility of apparently cured animals and the 
refractoriness to reinfection of those thought to be infected, there is sometimes a circular 
argument wherein animals proving susceptible to reinoculation are assumed to have been 
cured of the first infection, and those proving refractory are assumed still to be infective. 

(This discussion of infection immunity, it should be noted, is confined to bacteria 
diseases. In Chapter 55 we discuss a well-established type of infection immunity whici 
so far has proved characteristic of virus diseases — where the infection of susceptible ce Is 
by one virus may prevent their infection by a second virus ; here the immunity a PP e ^ r< 
to result from the occupation by the first virus of certain key metabolic processes o ic 
host cell upon which both viruses depend for their proliferation.) 

In summary, we may say that immunity to reinfection appears to be established 
within a short time after the appearance of the initial lesion. At this stage ® 
maintenance of immunity is associated with the maintenance of infection , com 
plcte chemotherapeutic cure may be followed by a return of susceptibility . b 
after a longer period of infection a partial immunity is cstablishe< t m rn< ^ 
persist after complete chemotherapeutic cure , and, after still longer pcrio< so 
infection, a complete immunity may be established that is indepen en o 
persistence of infection. 
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acetl towns together with an increase of 60 to 70 per cent among local 
children in reception centers, the latter returning to normal within six 
months. Similarly, the biennial periodicity of measles was broken by this 
dispersal. 23 

(3) The effect of active immunization on the epidemic was not so great 
as might be supposed. If the mice were immunized prior to the epidemic, a 
favorable effect was apparent and more marked in ectromelia than in S. 
typhi-imirium infections. Immunization undertaken after the initiation of 
the epidemic was without effect. 

(4) In the mouse population recruited by continuous immigration a senes 
of epidemic waves developed, the frequency of which was directly related 
to the rate of immigration. Thus, with a low rate, such as one mouse every 
three days, epidemic waves were separated by periods of remission in which 
no deaths occurred. As the immigration rate was increased, the waves oc- 
curred with greater frequency and with the addition of six mice per day 
there were no periods of complete remission, the epidemic waves taking the 
form of periods of increased mortality. 

(5) With high immigration rates, the peaks and troughs in the daily 
death rate became less and less pronounced after a year or more, both the 
rate and total population tending to become invariant. Thus it was possible 
to approximate experimentally the damped periodicity and eventual equi- 
librium predicted on theoretical mathematical grounds (see above), and (he 
experimental host population could be brought into approximate equilibnum 
with the parasite population. 

(6) An inadvertent experiment with a population recruited by a high 
rate of immigration proved to be of considerable interest. The mouse popu- 
lation had reached the equilibrium indicated above by summer when there 
was a heat wave of unusual intensity in London. There were many non- 
specific deaths (mice are highly susceptible to heat), followed by violently 
fluctuating specific mortality. In the course of time an equilibrium was again 
reached but at a considerably higher death rate and decreased numbers 
than formerly. The parasite was shown to be unaltered in virulence and the 
immigrants had not, of course, had the heat experience. Hence the host- 
parasite relationship per se was altered by an environmental catastrophe. 
The relationship of these observations to the long term relation between the 
human population and infectious disease is of interest. If it be assumed t at 
the day of the mouse is equivalent to thirty days in the life of man, over t e 
four years taken by this experiment the following were observed: (a) a 
period of stability with low regular death rates and growing population 
600 days) equivalent to a human experience of slightly less than fifty yean» 
— this, it may be noted, is longer than the twenty -five year period en mg 
about 1830 during which the death rate from scarlet fever was relative y 
low; (b) a period equivalent to fifteen years of severe and repeated opmemic 
waves; and (c) a period equivalent to some thirty years of relatively tR 
mortality in a more or less stable state of equilibrium in a population re u 

in numbers — it may be noted that the post-1830 epoch of virulent scar 
fever lasted more than forty years. , . i 

(7) The mortality rates of the mice were intimately related to the eng 

23 Stocks - Jour. Roy. Statistical Soc., 1941, J04:3 1 1, tbid., 1942, 105 259, 
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sensitized cells, protects the antibody that is fixed to the cells, except when an 
excess of antigen, is injected. 

The difference between the anaphylactic and immune state is quantitative 
rather than qualitative, depending upon the balance between circulating and fried 
antibody. ° 

(6) Many of the most dramatic features of the syndrome of anaphylactic 
shock are the result not of the antigen-antibody reaction itself but of the liberation, 
among other substances, of histamine by the injured cells, and the consequent 
response of the histamine-sensitive cells throughout the body. The histamine 
acts chiefly upon the vascular endothelium, promoting exudation of blood fluids ; 
and upon smooth muscle, making it contract. Acute local reactions may be 
elicited in the tissues of anaphylactically sensitive animals. Isolated preparations 
of smooth muscle like the intestine react to antigen by contraction ; and local 
regions of the skin of the intact animal react by increased permeability of the 
blood vessels and acute exudation of blood fluids. 

(7) The sensitized animal may bo desensitized by the injection of the specific 
antigen in amounts too small to induce acute shock or by a route that ensures 
slow absorption so that there is no rapid transport to the circulating blood. 

(8) A variety of substances, when injected intravenously, give rise to a syndrome 
resembling, in many but not in all particulars, that of anaphylactic shock. The 
resemblance of these anaphylactoid reactions is not due to any similarity in the 
underlying mechanism, but to the fact that, in each case, cellular injury is followed 
by the liberation of histamine and other substances, and this by the characteristic 
syndromes of histamine shock. 

(9) In man, the “ immediate ” type of hypersensitivity, corresponding to acute 
anaphylactic hypersensitivity, is induced by certain drugs ; by antigens such as 
pollen, horse serum and horse dander; and by bacterial proteins. It is found 
characteristically in hay fever, in some cases of asthma, and in urticaria. The 
antibody concerned is often non-precipitating, with a high tissue affinity (“ reagin ”). 
It is detected by passive transfer to normal skin, which then acquires a local 
specific hypersensitivity. 

Sensitizing chemicals like picryl chloride, and plant substances from Primula &]>]}• 
and poison ivy, become antigenic by forming complexes with the body proteins, 
and so induce hypersensitivity They induce a delayed reaction on application to 
the skin. Combination with the skm proteins may in part explain the delay, 
because these substances elicit immediate reactions when conjugated in vitro with 
protein. The antibodies concerned may be either precipitating or non-pmcipitating 
In some cases sensitivity can be passively transferred by the serum , in others, 
it is transferable only by lymphocytes. 

In these natural allergies, temporary desensitization by treatment with antigen 
is induced with greater difficulty than in experimentally produced hypersensiti'i y- 

(10) The Arthus reaction, induced by repeated intracutaneous injection oi 

antigen into one site, is characterized by a massive granulocyte reaction an 
severe damage to blood vessels, and appears to depend on the intravascular com 
bination of antigen with antibody. A similar localization of the antigen-an l 0 
combination is associated with the development of the various vascu ar esio 
found in serum sickness . r 

(11) Specific hypersensitiveness may also develop in the course ot na \ ur , 
experimental bacterial infection. This type of hypersensitivity is characterize 
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of time that they were members of the infected population; the rate rose 
rapidly to a peak in the early days of cage age and, although it declined 
slowly with the passage of time, to a greater extent in ectromelia than in 
mouse typhoid or pasteurellosis, the survivors of one epidemic ware may be 
the victims of another. The removal at regular intervals of a number of mice 
equal to the number added at the same intervals markedly altered the trend 
of these mortality rates; under these circumstances, the initial peak of mor- 
tality was lower, but the rapid decline was not apparent and the mortality 
rate remained at a high level . 24 Removal was of considerable advantage to 
the individual mouse; in general, the earlier the removal the greater the 
advantage, except during the decline of an epidemic wave, when isolation 
did not increase the chances for survival of individual animals. 

Although the evolution of the single epidemic wave in the experimental 
studies closely resembles its counterpart in the human population, the in- 
ability to control experimental epidemics by immunization is at variance 
with observations on epidemic disease in human populations. Some human 
diseases, such as diphtheria and smallpox, can he restrained from assuming 
epidemic proportions by active immunization of a sufficiently large number 
of the individuals making up the population. Whether or not this and certain 
other minor discrepancies prove to be real or illusory’ with future work, a 
number of pertinent suggestions ha\e come out of these investigations. The 
response of the experimental host population in terms of mortality rates 
and cage life expectation cannot be interpreted as yet in some cases; in others 
the interpretation is questionable. For example, the English workers feel that 
some of the data suggest alterations in virulence and “infectivity” of the 
bacteria, while Webster in the United States interprets these findings as 
indicative of a graded, inheritable resistance in the host population. 

Some of the experiments, however, have yielded clear-cut results that 
bear directly upon the interaction of host and parasite populations in nature 
Perhaps the most important of these is the experimental demonstration of 
recurring epidemic waves resulting from the continuous addition of new sus- 
ccptiblcs to the infected population. In spite of the fact that such a sequence 
of events is predicted by theoretical epidemiology’, as indicated abo\c, the 
repeated flaring up of a disease of man or domestic animals, thought to be 
stamped out in the inter-epidemic periods, is most often taken as evidence of 
the reimportation of infection . 25 The experimental demonstration of this 

» Greenwood, Hill. Toplcy and Wilson: Jour. Hyg., 1939, 39:109. 

as In tins connection Major Greenwood (Epidemics and Croud-Diseases. The Mac- 
millan Company, Nov York. 1935) has made the following delightful suggestion: "... a 
majority of the officials who in different countries report Upon epidemics among farm 
animals cannot bring themselves to conccisc that upon a farm or within a district wherein 
a scheduled disease once existed, and was afterwards officially declared to ha\e ceased 

therefore, to read the Dutch or German explanations of the recrudescence of foot and 


bi/anc." 
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S3, 653. 
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ated towns together with an increase of 60 to 70 per cent among local 
children in reception centers, the latter returning to normal within six 
months. Similarly, the biennial periodicity of measles was broken by this 
dispersal. 23 

(3) The effect of active immunization on the epidemic was not so great 
as might be supposed. If the mice were immunized prior to the epidemic, a 
favorable effect was apparent and more marked in ectromelia than in S. 
typht-vttirium infections. Immunization undertaken after the initiation of 
the epidemic was without effect. 

(4) In the mouse population recruited by continuous immigration a series 
of epidemic waves developed, the frequency of which was directly related 
to the rate of immigration. Thus, with a low rate, such as one mouse every 
three days, epidemic waves were separated by periods of remission in which 
no deaths occurred. As the immigration rate was increased, the waves oc- 
curred with greater frequency and with the addition of six mice per day 
there were no periods of complete remission, the epidemic waves taking the 
form of periods of increased mortality. 

(5) With high immigration rates, the peaks and troughs in the daily 
death rate became less and less pronounced after a year or more, both the 
rate and total population tending to become invariant. Thus it was possible 
to approximate experimentally the damped periodicity and eventual equi- 
librium predicted on theoretical mathematical grounds (see above), and the 
experimental host population could be brought into approximate equilibrium 
with the parasite population. 

(6) An inadvertent experiment with a population recruited by a high 
rate of immigration proved to be of considerable interest. The mouse popu- 
lation had reached the equilibrium indicated above by summer when there 
was a heat wave of unusual intensity in London. There were many non- 
specific deaths (mice are highly susceptible to heat), followed by violently 
fluctuating specific mortality. In the course of time an equilibrium was again 
reached but at a considerably higher death rate and decreased numbers 
than formerly The parasite was shown to be unaltered in virulence and the 
immigrants had not, of course, had the heat experience. Hence the host- 
parasite relationship per se was altered by an environmental catastrophe. 
The relationship of these observations to the long term relation between t e 
human population and infectious disease is of interest. If it be assumed t at 
the day of the mouse is equivalent to thirty days in the life of man, over t e 
four years taken by this experiment the following were observed: (a) a 
period of stability with low regular death rates and growing population C ca - 
600 days) equivalent to a human experience of slightly less than fifty >ears 
— this, it may be noted, is longer than the twenty-five year period en mg 
about 1830 during which the death rate from scarlet fever was re atne y 
low; (b) a period equivalent to fifteen years of severe and repeated epi emi 
waves, and (c) a period equivalent to some thirty years of relative y ig 
mortality in a more or less stable state of equilibrium in a population re uc 

in numbers — it may be noted that the post-1830 epoch of virulent scar 


fever lasted more than forty years. . . l 

(7) The mortality rates of the mice were intimately related to t ie eng 
23 Stocks- Jour. Hoy. Statistical Soc., 1941, 104:31 1; ibid-, J942, J0S , 259. 
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of time that they were members of the infected population; the rate rose 
rapidly to a peak in the early days of cage age and, although it declined 
slowly with the passage of time, to a greater extent in ectromelia than in 
mouse typhoid or pastcurellosis, the survivors of one epidemic wave may be 
the victims of another. The removal at regular intervals of a number of mice 
equal to the number added at the same intervals markedly altered the trend 
of these mortality rates; under these circumstances, the initial peak of mor- 
tality was lower, but the rapid decline was not apparent and the mortality 
rate remained at a high level . 24 Removal was of considerable advantage to 
the individual mouse, in general, the earlier the removal the greater the 
advantage, except during the decline of an epidemic wave, when isolation 
did not increase the chances for survival of individual animals. 

Although the evolution of the single epidemic wave in the experimental 
studies closely resembles its counterpart in the human population, the in- 
ability to control experimental epidemics by immunization is at variance 
with observations on epidemic disease in human populations. Some human 
diseases, such as diphtheria and smallpox, can be restrained from assuming 
epidemic proportions by active immunization of a sufficiently large number 
of the individuals making up the population. Whether or not this and certain 
other minor discrepancies prove to be real or illusory with future work, a 
number of pertinent suggestions have come out of these imestigations. The 
response of the experimental host population in terms of mortality rates 
and cage life expectation cannot be interpreted as yet in some cases; in others 
the interpretation is questionable. For example, the English workers feel that 
some of the data suggest alterations in virulence and “infcctivity" of the 
bacteria, while Webster in the United States interprets these findings as 
indicative of a graded, inheritable resistance in the host population. 

Some of the experiments, however, have yielded clear-cut results that 
bear directly upon the interaction of host and parasite populations in nature. 
Perhaps the most important of these is the experimental demonstration of 
recurring epidemic iraics resulting from the continuous addition of new sus- 
ccptibles to the infected population. In spite of the fact that such a sequence 
of events is predicted by theoretical epidemiology, as indicated above, the 
repeated flaring up of a disease of man or domestic animals, thought to be 
stamped out in the intcr-cpidcmic periods, is most often taken as evidence of 
the reimportation of infection . 2 " 5 The experimental demonstration of this 

Greenwood, Hill, Toplcy and Wilson: Jour. Hyg, 1939, 39.109. 

53 In this connection Major Greenwood (Epidemics and Crovrd-Dheascs. The Mac- 
millan Company, New York. 1935) has made ihe following delightful suggestion: "... a 
majority of the officials who in different countries report upon epidemics among farm 
animals cannot bring themselves to conccixc that upon a farm or within a district wherein 
a scheduled disease once existed, and was afterwards officially declared to have ceased 
to exist. U could start into life without a reimportation of malefic s morbi, these happen 
ings must be explained by reimportation Wc can always sec a joke much more easily when 
it Is against some poor foreigners rather than against oursches. I adiisc an Englishman, 
therefore, to tcad the Dutch or German explanations of the recrudescence of foot and 
mouth disease and learn how the x inis may be blown by the winds of heaxen. or dropped 
on an island in the excreta of wild geese. A Dutchman might find explanations of the re- 
importation of foot and mouth disease to be found in English official documents equally 
tuarre.” 
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phenomenon and the indicated futility of quarantine in the control of a 
disease which has become widely disseminated (only when a disease is not 
present, or present in limited effective foci, can quarantine and isolation 
procedures be effective) is, clearly, of considerable significance. 

Epidemiological Data and Their Interpretation. The purposes of 
epidemiological study arc threefold: first, to indicate the nature of the infec- 
tive agent, its source and modes of transmission when these are not fully 
established otherwise, i.c., on an experimental basis; second, to extend this 
information into a corresponding general theory of the epidemiology of the 
disease; and third, to determine in detail the local conditions which favor or 
control the dissemination of the infection in a given area or community. 

For these purposes four general types of information, usually simple in 
character but wide in extent, are required. First, the area in which the dis- 
ease occurs and the regularity of its geographical distributions are highly in- 
formative. Thus, the general occurrence of a disease indicates that environ- 
mental conditions, including fauna, climate, etc., peculiar only to parts of 
the area are not essential to its transmission. Similarly, restriction of the 
disease within geographic limits indicates that special environmental condi- 
tions are necessary for its dissemination; these may include crowding, pres- 
ence of an insect vector, water supplies, proximity to reservoirs of infection, 
etc. In general, a uniform distribution of the disease is indicative of a simple 
method of transmission, as in the case of measles, whereas an irregular dis- 
tribution, such as that of spotted fever, implies a more complex process 
dependent upon a source of infection or conditions necessary to transmis- 
sion that arc correspondingly irregularly distributed. 

Second, the rate of prevalence of the disease suggests the source of infec- 
tion. A high rate, such as that of measles, indicates that the observed cases are 
the most important, if not the only source of infection. Conversely, sporadic 
distribution of widely separated cases implies the existence of a concealed 
reservoir of infection such as the casual or chronic carrier or some of the 
lower animals. 

Third, the seasonal distribution is also informative when considered to- 
gether with other epidemiological features of the disease. Thus, a scasona 
occurrence may be consistent with hypothecated insect transmission or it 
may eliminate an insect vector as the sole transmitting agent. Similarly, the 
occurrence of w'ater-bome typhoid fever m the late winter and early spring 
supports the hypothesis of preservation of typhoid bacilli in the cold and t eir 
liberation from contaminated watersheds m the first thaws. 

Lastly, the age distribution of the disease is suggestive as a corollary to 
other epidemiological characteristics, and often aids in their interpretation. 
Thus, a disease occurring for the most part in the early years of life, sue as 
measles or diphtheria, often shows differences in age incidence tween 
urban and rural areas which are explained by the more frequent occurrenc 
of immunizing infections, apparent or subclinical, in the more crow e 
areas. Since similar differentials are apparent in poliomyelitis, the age is 
tribution of this disease, together with other of its epidemiologic ' 

supports the view that this disease is widely prevalent as a subchnicn in 

non. 



CHAPTER 52 

CERTAIN NON-SPECIFIC MECHANISMS IN GENERAL IMMUNITY 

Thk protective mechanisms \vc have discussed in the preceding chapters are 
specific in their action. Whether established by nature or by art, they increase 
the resistance of the body against some particular bacterial infection, not against 
bacterial infections in general. In the present chapter xve shall consider certain 
mechanisms from which this clement of specificity is absent. 

Many of these non-specific activities cannot be easily related to defence as 
a whole. Often they relate to little more than the observation of an antibacterial 
action by body fluids or tissues, or by their derivatives ; and even when the 
antibacterial element m the system under observation has been identified with 
some precision, we may be unable to estimate its significance, cither quantitatively 
or qualitatively, in natural infection. Sometimes the activity is lacking in certain 
animals — as for example in the breed of guinea-pigs without complement in the 
blood wc noted in Chapter 12 — or it may be associated with a resistant species 
of host, thus enabling us to estimate its relation to immunity ; but such estimates 
must be made with caution, because the differences we observe may be accidental, 
or associated with unrecognized chnngcs in other more important elements of the 
defence system. 

Tins uncertainty limits us in this chapter mainly to description. It is an 
uncertainty that characterizes many investigations of non-specific mechanisms. 
By contrast, the certainty of the many conclusions we have drawn about specific 
immunity is a measure of the case with winch we can investigate substances, such 
as antibodies, that have nicely distinguished specificities. 


Blood Factors 

/9-Lysins, Leukins and Plakins. — Among the earliest records of experimental 
immunity are some observations on anthrax infection, which established clearly 
the presence in the serum of certain animal Bpecies of bactericidal substances 
different in kind from the bactericidal complex formed of specific sensitizer an 
complement. Thus the serum of the rat is actively bactericidal for the anthrax 
bacillus, and this activity remains after heating the serum at a temperature o 
56-60° C. for 30-40 minutes (von Behring 1889, 3892, Malvoz 1902, 

1904). The name fi-lysins has since been applied to these relatively thermos a 
bactericidal serum constituents. . . 

Other early investigations showed that similar thermostable bacteria a 
stances could be extracted from suspensions of polymorphonuclear eucocj 
Like the /?-lysms, these leukins are restricted in their range of actiu y, ^ 
bacterial species, m particular the spore-bearing aerobes such as B. ant iron 
1344 
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The Control of Infectious Disease 

Epidemiological evidence, therefore, consists of a scries of inter-related 
facts from which a conclusion or senes of conclusions may be drawn. The 
hrst step in epidemiological procedure is necessarily the demonstration of 
associations between the frequency of occurrence of the disease and some 
conditions or set of conditions, the second the ascertaining of the relationship 
of these associations with one another, and third their relations to the general 
epidemiological theory of the disease. To take a simple example, in milk- 
borne typhoid fever it may be ascertained that cases of the disease occur pre- 
dominantly along the route of the milkman, that in families so supplied the 
cases occur among those who drink milk, that the cases appeared within a 
limited time to suggest simultaneous infection and that an employee of the 
dairy' is a carrier of typhoid bacilli. Not only are these associations related 
to one another but they are consistent with the general epidemiological 
theory of typhoid fever, vis., that transmission is basically a matter of the 
transfer of infected fecal material (or unne) from a case or carrier to the 
mouth of a susceptible person. 

While this would appear self-evident, there is an opinion of some preva- 
lence that since epidemiological evidence is necessarily purely circumstantial, 
it cannot be conclusive. This is perhaps due in large part to failure to appre- 
ciate the development, often basically statistical and therefore mathematical, 
of the logical analysis, and the significance of the body of evidence as a 
whole. The method of analysis and interpretation of epidemiological evi- 
dcncc is identical with that of experimental evidence, the practical difference 
lying in the fact that, as pointed out earlier, the epidemic is an experiment 
done for rather than by the obsenerand cannot be manipulated. 

The Control of Infections Disease. With an understanding, albeit 
admittedly imperfect, of the factors which determine the means and extent 
of the dissemination of infectious disease, comes the possibility of control 
The variety of epidemiological types of disease and the individual variability 
within these broad groups make for differences in control measures, and the 
control of a given disease under given circumstances almost always consti- 
tutes a special case. Certain generalizations may’, however, he made which 
will sene to indicate the complex nature of the problems of the control of 
the spread of infection and provide a point of departure for consideration, in 
later chapters, of specific diseases 

In general, control measures may be regarded as corollaries of the factors 
involved in the transmission of infection and. therefore, fall into two groups’ 
one including those which raise the resistance of the individual and, through 
him, of the population; and the other, those designed to alter the relation- 
ships of the individual members of the population to one another in such 
a way that the opportunities for the dissemination of the infectious agent 
are reduced. Very often both types of control measures arc used, their relative 
efficiency and practicality varying from one disease to another. 

Diseases of lower animals which arc transmitted cither directly or indi- 
rectly to man involve a third population, the animal reservoir of Infection. 
When transmission is from animal to man and occurs only rarely from man 
to man, three methods of control arc possible. First, tlic disease may lx* 
controlled in the animal, second, the relationship between tlic human and 
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activity of leucocytes, in Iratli plingocytosis and clicmotaxii (Delaunay and Pace, 
1916, Delaunay cl til 1951). ' 

Clearly there exist ill the normal sera of certain animal species bactericidal 
substances which arc non-specific in their action, in the sense in which immuno- 
logical specificity is generally understood— though their range of activity is limited 
by the varying sensitiveness of different bacterial species— and which are not 
increased in amount as the result of immunization. Bactericidal substances having 
very similar properties may be extracted from leucocytes and perhaps from blood 
platelets. 

The relation of these substances to effective immunity is by no means clear. 
To take the case of anthrax, the relatively resistant rat has /Mysins in its serum; 
so has the susceptible rabbit, but the relatively resistant dog lias none (see Leding- 
ham 1922). The significance of the ieukins and plakins is still more difficult to 
assess They are not identical with leucocytic enzymes (sec Flcischmann 1928), 
though the participation of extracellular enzymes of this kind in leukin action 
cannot be excluded. That the antibacterial substances present in or derived from 
leucocytes play some part in resistance to infection seems highly probable ; but 
we do not know whether their role is primary or secondary, nor how it is related 
to other defence mechanisms. 


Tissue Factors 

Antibacterial Substances in the Tissues.— Bactericidal substances have been 
sought for in normal tissues, m attempts to explain their natural immunity, and 
in infective tissues, in attempts to explain the destruction of bacteria that often 
follows the local reaction to invasion. 

Nutim and Lynch (1946) added extracts of brain and spleen to cultures of toxigenic 
Staph, aureu *, and obtained a non-toxigenic variant; they also found that the extracts 
protected mice to some extent against infection with a toxigenic staphylococcus. Micks, 
Whitney and Anigstcin (1951) isolated from hydrolysed human and cattle red cells a poly- 
peptide which cured streptococcal infection in mice. Bloom and his colleagues (see Bloom 
andPngmore 1952) obtained substances, either baBic proteins or polypeptides, active in vary- 
ing degree against B. anthracis , other Bacillus spp., Bad. coh and Sir. pyogenes, from the 
thymus, pancreas, thyroid and other mammalian organs. The authors assigned a prominent 
role to the anthracidal factor in immunity to anthrax (see Chapter 76). Another tissue 
constituent, the basic protein spermine, is bacteriostatic and sometimes bactcricida or 
a number of bacteria (see Rozansky et al. 1954) Hirsch and Dubos (1952, Hirsch 19 ) 
isolated it from kidney, and found it to have a pow erful bacteriostatic action on the tu rc e 
bacillus in vitro when activated by another tissue constituent, spermine oxidase. It was 
less effective on saprophytic mycobacteria. They also extracted a tuberculostatic 
polypeptide from the thymus, spleen, and pancreas of the calf. It was not presen J 
calf lung or liver, suggesting that its distribution in various organs might bo 
related to tlio distribution of tubercles in the natural disease (Dubos and Hirsc ’ 
see also Bloom et al. 1953, Fletcher et al 1953). Tuberculostatic substances have « 
been described in the lymph nodes, spleen and liver of tuberculous animals (So ys 
Lewis and Schwartz (1949) briefly reported the in vitro killing of Sir. pyogenes by an 
of rat liver. The factor was not present in other rat organs tested and did no 
three other species of bacterium examined. 

Very little can at present be said about the significance or mode of action of th^ 
tissue substances in immunity ; we may note, nevertheless, that mat}) o 
like the antibiotics derived from bacteria (p. 189), are basic pepti es. 
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animal populations may be altered in such a way that transmission of 
infection cannot take place; and third, the resistance of the human popu- 
lation may be raised by immunization procedures. The relative efficacy of 
these methods of control is variable and depends upon the disease. Rabies, 
for example, can be controlled in the dog population, and, in fact, has been 
entirely eliminated in England by rigid regulation, but neither mass im- 
munization of the human population nor alteration of the relationship be- 
tween dog and human populations is practical. In the case of bovine tuber- 
culosis and undulant fever, however, disease may not only be controlled in 
the animal population, but the relation between human and animal popula- 
tions is readily altered by interposing the barrier of pasteurization. In other 
instances in which the reservoir of infection is a wild animal, immunization, 
when a solid immunity can be obtained, of the limited number of individuals 
who have contact with such infected populations is satisfactory. 

The insect-borne diseases present still other problems in control in that 
the link between man and animal or man and man is a living organism. 
In general, control of the insect population or of the disease in the insect 
will result in control of the disease in man. The infections transmitted by 
insects are, for the most part, rickettsial, protozoan and virus diseases, few 
bacterial diseases are insect-borne, presumably because in many of the blood- 
sucking insects the intestinal tract is actively bactericidal and most species of 
bacteria are rapidly destroyed there. The mechanical transmission of bac- 
terial infection by insects is, then, relatively rare and, except under unusual 
circumstances, of no great importance. Two species of pathogenic bacteria 
are, however, resistant to this bactericidal activity: the bacilli of plague 
and tularemia multiply in the rat flea ( Xcnopsylla cheopis') and the deer fly 
(Chrysops discahs') respectively. When the microorganism either multiplies 
or completes a portion of its life cycle in the insect vector, the insect is infec- 
tive for the duration of its life; such is the case in yellow fever, typhus fever, 
malana and other diseases. The problems of control of these diseases are the 
problems of the control of the insect population, either indirectly through the 
insect's animal host as in bubonic plague or directly as in malaria. A further 
complication is introduced in the case of spotted fever.The tick (Deniio- 
centor andersom') undergoes an incomplete metamorphosis, and the infection 
is “hereditary,’' i.e., transmitted to the second generation. There is, in con- 
sequence, not only an animal reservoir of infection but also a second reservoir 
in the form of infected ticks. . , 

Diseases Transmitted Directly from Man to Man. The diseases transmitte 
directly from man to man by contact or by air-bome infection are by far t e 
most difficult to control. The mechanism of transmission is, of course, very 
simple and does not offer the possibilities for interference that may be ta en 
advantage of m the more complex processes. Furthermore, the practices an 
habits of the human population that, make possible transmission by tnese 
means are a part of day-to-day existence in the life of man. Thus the a S8 re , 
tion of human beings under crowded living conditions in urban areas, a 
the theatres, schools, churches, and other public meeting places ^ ann0 
dispersed or eliminated for the control of air-bome infection, bimi ar y, p 
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Ingestion of the bacterium is not necessarily followed by its digestion. Tins is especially 
true of virulent forms; for example, virulent tubercle bacilli (Fell and Brieger 194?, 
Suter 1952) and brucella; (Dickey and Forbus 1945) remain alive for some time inside the 
intact phagocyte. Rogers and Tompsett (1952) observed that, once inside the phagocytes, 
both virulent and avirulent staphylococci decreased in numbers, beginning 10-15 minutes 
after ingestion ; the number of avirulent cocci remained low for 24 hours but the organisms 
of the virulent strain began to multiply after 4-8 hours. 

Although growth of bacteria within the phagocyte in all probability leads to its death, 
m certain circumstances it appears that phagocytes may eject the ingested organisms in 
a viable state and themselves remain viable (Wilson 1953). 

The continued survival of a bacterium in an intact free phagocyte, which moves 
m the tissues and reaches the lymph and blood vessels, may lead to the dispersion 
of the organisms to other parts of the body. This is not necessarily a failure of 
defence, as it is sometimes assumed to be, because, as we argued in Chapter 47, 
dispersion of the invader may have survival value for the animal, in this case by 
ensuring that the bacteria carried in the microphages ultimately reach the highly 
efficient macrophages of the reticulo endothelial system. 

The migratory power of the phagocyte, especially cbemotactic migration in 
response to substances elaborated at the immediate site of infection, is clearly an 
important part of its antibacterial function, and both macrophages and micro- 
phages display this chemotropism (see Lasfargues and Delaunay 1947, Harris 1953). 

These powers are affected by bacterial products. Thus, the in tilro migration of white 
blood cells into dotted plasma is inhibited by virulent, but not by avirulent tubercle 
bacilli ; and by Salm. lyphi and Ps. pyocyanea, but not by Staph, aureus or Type III pneu- 
mococcus The crude endotoxins of Salm. lyphi and Ps. pyocyanea also inhibit migration, 
but the type pneumococcal polysaccharide does not (Martin el al. 1950, Martin and Chaudiri 
1952). Eiberg and Schneider (1953) observed a similar inliibition by brucella cells and 
endotoxin. Chemotactic migration also is reported as being inhibited by a lipid fraction 
(AUgowcr and Bloch 1949) and by the antigenic polysaccharide (Choucroun el al. 1951) 
of the tubercle bacillus An adaptive response to the inhibitory effect may well take place 
in the infected animal, because leucocytes can be made refractory to the anti-migratory 
action of virulent tubercle bacilli by prior treatment of a donor animal by the organisms 
given intravenously (Martin et al. 1950), and to that of various species of Brucella by in 
fection with the corresponding species (Eiberg and Schneider 1953). 

It remains to note some instances of non-specific increase in resistance to 
bacterial products. Rabbits and men, on repeated intravenous injection of snw 
doses of enterobacterial endotoxins, acquire a tolerance to the pyrogenic c eC S 
of such doses ; rabbits have also been shown to acquire tolerance to the gro^ 
toxic effects of larger doses. The tolerance, which disappears some days a tw J- 
cessation of the repeated injection, is non-specific, being unrelated to the an 
in the various preparations. It is apparently due to an increased efficacy o ^ 
clearing and detoxifying mechanism of the reticulo-endothelial system, * 
abolished by intravenous thorotrast and other blockading agents ( ceson ^ 
Morgan 1948, Bennett and Beeson 1953). A similar tolerance of rabbits 
provocative effects of these substances in the Shwartzman reaction (see 
section) is also induced by their repeated intravenous injection ^ 

The Bactericidal Power of the Blood.— This leads us to a consideration, neces 
brief, of the possibility of inducing an effective immunity by increasing ^riglit 

specific bactericidal mechanisms of the cells and fluids of the bo >• 
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\ention of the spread of venereal disease is theoretically possible but rela- 
tively unsuccessful m practice. 

In the past, therefore, control of disease spread by these means has been 
dependent upon effective active immunization procedures. Diphtheria and 
scarlet fever may be so controlled by the immunization of a reasonably large 
part of the population, but influenza, the common cold and others continue 
to be widespread. 

With the elucidation of the mechanisms of air-borne infection and the 
development of aerosols (p 150) and ultraviolet irradiation for the destruc- 
tion of air-borne bacteria, it seems possible that the spread of air-bome 
infection may be controlled. Thus, the establishing of air sterilization in 
public gathering places of various kinds, possibly in the air conditioning 
systems, as well as in hospital wards may be effective. 

The control of the spread of a given disease is, in practice, complicated 
by two important factors. First, a disease is often transmitted in more than 
one way. This variation may be within narrow limits, for example, an insect- 
borne disease may be transmitted by several species of insects which differ 
from one another in distribution, breeding habits and the like. In extreme 
cases a disease may fall into more than one epidemiological type; bubonic 
plague, for instance, which is transmitted from the rat to man by the rat flea, 
may assume a pneumonic form transmitted by infective droplets and become 
independent of the rat population. Secondly, infection may be earned and 
transmitted, not only by clinically recognizable cases of disease but also by 
cases before clinical symptoms appear; by individuals who have a disease in 
such a mild form that it is not recognized, and by healthy individuals who 
carry the infection either transiently or semipermanently. For example, while 
it is not difficult to prevent epidemics of water-borne typhoid fever, the dis- 
ease remains endemic in a community as a result of the dissemination of the 
bacilli from ambulatory cases and carriers, and this so-called "residual 
typhoid” is extremely difficult, if not impossible, to eradicate. 

It will be clear from the foregoing discussion that the transmission of in- 
fection is indeed a highly complex matter. Each disease is a special case of 
the host-parasite relationship which is not infrequently complicated by the 
interaction of two or more host populations. The elucidation of the inter- 
relationships of these groups is a necessary preliminary' to the understanding 
of the mechanisms oncrativc in the dissemination of disease. 
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Cowan (1939) immunized rabbits with Past, pseudolubercutosis and found that the rate 
of disappearance from the blood of intravenously injected Slaph. aureus, both immedi- 
ately after injection and after establishment of the secondary bacterccmia (see p, 1191), 
was greater than that in normal animals, and equal to that in rabbits immunized with 
Slaph. aureus vaccines. In view of the complete antigenic dissimilarity of the pasteurella 
and the staphylococcus, this effect is clearly non-specific. In this connection we may 
note that Day (1942, 1944) reported an increased immunity of mice to pneumococcal 
infection by inoculation with extracts of a wide variety of cocci and bacilli. Day, however, 
regarded the immunity as induced by a common antigen. As we saw on p. 1345, certain 
antibacterial mechanisms are stimulated, apparently non -specifically, during the course 
of naturally occurring disease in man — notably an increase in the bactericidal power of the 
blood associated with fever, possibly due to an increase in substances resembling g-lysins. 

Taking the evidence as a whole, it would seem that non-specific stimulants of 
this class are for the most part too slight or too transient in their effect on resistance 
to be worth exploiting as prophylactics against infection. The transience of the 
effects is clearly no bar to their use in the therapy of established infections, where 
such stimuli might be beneficial, especially in the early stages of the disease ; but 
little has been done in this direction. (The anti-infective action of hormones and 
ionizing radiations is discussed in Chapter 51 ) 


The Shwartzman Phenomenon. 

In the preceding paragraphs we have considered various reactions that art- 
associated with a non-specific increase in resistance. In concluding this chapter 
it will be convenient to refer briefly to an experimental procedure that is associated 
with a localized and non-specific increase in sensitivity. Shwartzman (1928, 
1929a, b, 1931, 1932, 1933) described ft curious phenomenon that has become 
known by his name, which has been studied in considerable detail {eg-, Gratia and 
Linz 1931, 1932, Gross 1931, Freund 1934a, b, Freund and Smith 1934, Freund 
and Hosmer 1935, Morel! and Shwartzman 1938, Alechinsky 1938, 1939, Y\eir 
1938, Ayo 1943) The earlier work is fully discussed in Shwartzman’s monograph 
(1937). 


When a rabbit is injected intradermally with a small amount of a filtrate of a culture 
of Salm. typhi , and 24 hours later is injected intravenously with the same filtrate, tie 
intravenous injection is followed, within a few hours, by the development of a hemorrhagic 
lesion at the site of the intradermal injection. It is not, however, necessary that the same 
organism should be used for the intradermal injection and for the subsequent intravenous 
injection, or that the organisms used for tho two injections should be antigenieally re a c 
Filtrates from, or suspensions of, a variety of bacteria will sensitize the skin to the in ra 
venous injection of an equally wide variety of bacteria or bacterial filtrates. o ^ 
bacteria contain effective sensitizing substances, nor is the local sensitizing eOect the res 
of a simple inflammatory reaction. Thus (Shwartzman 1928), the injection o munocu ^ 
culture media, of turpentine or of filtrates of various strains of strepto.i cci. * * 
sensitize the skin to the subsequent intravenous injection of filtrates of typ oi c 
The sensitizing or, as Shwartzman prefers to call them, the “ preparatory bu s ^ 
are thermostable, antigenic, of relatively large particle size and often close y 
if not identical with the “ complete antigens " or endotoxins of coliform ^ thc 

bacilli. Purified preparatory substances are said to produce no detectable ^ « bsky 
tissues. Not all Gram-negative bacteria contain preparatory substances ( }g m 

and Salm 1937. Wise and Kerby 1943). Nevertheless, the vascukr end 
some way altered by the preparations so that the intra' enous provo i ig 
severe hemorrhage and necrosis m the prepared Rite. 



Chapter JO 


THE BACTERIOLOGY OF WATER AND SEWAGE 


Of the interrelationships between the members of human populations that 
facilitate the transmission of infection, those arising as a consequence of 
common water supplies and the group disposal of sewage are among the most 
important. Transmission of disease by this means is, of course, confined to dis- 
eases of the so-called enteric group, in which infection takes place via the 
gastrointestinal tract and the causative microorganisms are discharged with 
the feces. Infection is, therefore, the result of a direct connection between in- 
fectious fecal material and the mouth of a susceptible person, and when that 
connecting link is a common water supply, as it frequently is, outbreaks of 
cholera, typhoid fever and the like occur. This link is, however, readily broken; 
the great water-borne epidemics are rapidly becoming a thing of the past as a 
consequence of the utilization of effective control measures, and present day 
water-borne epidemics are indicative, not of a lack, but of a failure to make use 
of existing knowledge . 1 


WATER 2 

Because of water-borne disease and the obvious desirability of its control, 
studies of the bacteriology of water have been directed, for the most part, 
toward its sanitary aspects. The best single criterion by which the sanitary 
quality of a water may be judged is, clearly, the kind and numbers of bacteria 
that are present m it. If it were possible, as a routine procedure, invariably to 
detect the presence of the appropriate disease-producing bacteria, it would be 
unnecessary, from the sanitary point of view, to take the non-pathogenic forms 
into consideration. This is, however, not the case, a judgment of the sanitar) 
quality of a water cannot be made on the basis of failure to find a microorgan 
ism such as the typhoid bacillus in that water. This bacterium, for examp e, 
is usually so outnumbered by similar forms such as the colon bacillus that its 
isolation and identification require enrichment cultures in selective media an 
other time-consuming procedures and even then are not always successful, an 
a negative finding is of doubtful value. 

It is legitimate to assume, however, that when a water is polluted with human 
fecal material, it is probable that it contains bacteria which cause enl ® r l 
infection. This probability becomes a certainty when the fecal materia 1 
pooled, as in the sewage of a community, because of the ubiquitous presence o 
healthy carriers of typhoid bacilli and similar microorganisms. Since it is im 

1 Gorman and WoJman: 7°ur. Amer. Water Works Assn., 1939, 31 .*225. ■ § onSf 

2 Prescott, Winslow and McCrady: Water Bacteriology. 6th ed. John y 
New York. 19-46. 
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decrease the power of leucocytes to migrate in clotted plasma. This decrease occurs in the 
leucopcenic period after the provoking dose. Moreover, the leucocytes of Shwartzman. 
refractory animals are unaffected by a provoking dose (Berthrong and Cluff 1953, Cluff 
1953). That the local vascular occlusion by clumped cells and fibrin is a necessary feature 
of the reaction is evident from the effect of heparin, which in high anticoagulant doses 
maintained for 4 hours after provocation, completely inhibits the reaction (Good and 
Thomas 1953, Cluff and Berthrong 1953). It does not affect the change in the migrating 
powers of the leucocytes, noted above. Thomas and Stetson (1949) suggest that local 
preparation may activate a protease at the site, which is held in check by protease in- 
hibitors until the latter arc destroyed by the provoking factor of toxin. They observed 
an analogous reaction when a provoking factor was injected one hour after an intracu- 
t a neons dose of papain (see also Christensen 1952). 

The occlusion of glomerular capillaries that characterizes the generalized reaction is 
not cellular but hyaline, but, as in the local reaction, the participation of leucocytes in 
the formation of the hyaline material is suggested by its absence in nitrogen-mustaid 
treated animals (Thomas and Good 1952). 

The possibility that in natural infections there may be local alterations in the reactivity 
of tissues, particularly of vascular tissues, induced non-specifically by substances of bacterial 
origin, cannot be overlooked in our attempts to analyse the phenomena of resistance to 
infection. Thus, the luemorrhagic episodes in certain chronic infections of man may be 
related to the phenomenon (see Shwartzman el al. 1936). There is ample ground for 
speculation, but little direct proof. 

Local infections with a variety of bacteria — e.g. streptococci and the tubercle, anthrax 
and influenza bacilli — arc preparatory in the Shwartzman sense. A general infection 
with Group A streptococci prepares for a generalized reaction, but in vitro streptococcal 
cultures, or parts thereof, are not preparatory (Thomas el al. 1953). However, extracts 
of streptococcal skin lesions from the rabbit will prepare normal rabbits, so that a Shwartz- 
man-like reaction can subsequently bo provoked by streptococcal culture filtrates rich in 
streptolysin 0 (Schwab et al. 1953). As we have seen, some pathogens contain both 
preparing and provoking factors ; these possibly operate as such in natural infection, to 
the detriment of the infected animal. For example, Cohen and Mooltcn (1943) found both 
factors in a virulent strain of F. necrophorus, but preparatory factors only in an avirulen 
strain. In rabbits infected intratracheally with the latter, the intravenous injection o 
provocative factors, derived either from the virulent strain or from the meningococcus 
precipitated a fatal infection. 

The generalized Shwartzman reaction may be inadvertently elicited in man ; t us, 
Love and Driscoll (1945) report a fatality following two injections of a typhoid \nccme 
separated by a 24- hour interval. But aside from a possible connection bctu ccn kemorr i»£>c 
phenomena in certain chrome infections in man (see Shwartzman, Klemperer an^ 
Gerber 2936) it is at present impossible to say what part this mechanism P a ) 3 
natural infection and resistance, or in artificial immunization. 


SUMMARY 

(1) In addition to the specific factors that determine antibacterial immunity, 
there are certain non-specific factors which appear to play some part 10 1 * " j 
of the tissues to invading bacteria. The significance of these fac ors g 

defence is difficult to assess. . „„,;wtcrial sub- 

(2) The blood plasma in certain animal species contains an . f 

stances, usually thermostable, of which the ^-lysms are an “““jP j ollllt f„| 
bactericidal action is limited to particular bacterial species, anti it . ^ 110t 

whether they confer an effective immunity even against these J 
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Bacteria Native to Natural Waters 

practical to isolate these pathogenic bacteria themselves as a routine measure, 
some indicator of fecal pollution will sene equally well as a criterion of the 
sanitary quality of a water. The question, which was stated many years ago, 3 
becomes this: Are there types of bacteria which are never present in natural 
waters free of pathogenic bacteria but which may always be found in water 
polluted with human fecal material and therefore probably with pathogenic 
bacteria^ If so such types of bacteria can be used as indicators of pollution 
The answer to this question involves a consideration of the bacterial flora of 
natural waters, including both bacteria which arc native inhabitants of 
water and those microorganisms whose presence is a consequence of contamina- 
tion from external sources. 

Bacteria Native to Natural Waters. The bacteria whose native habitat 
is water arc not well known/ in part because many of them are difficult to 
grow on laboratory media There is no question, however, of the existence of a 
bacterial flora normal to and characteristic of natural waters. The types of bac- 
teria which make up this natural population may be considered briefly: 

(1) higher bacteria, frequently the sheathed forms assigned to the Chlamy- 
dobactenales and including sulfur, iron and other forms, 

(2) the Caulobactcna, a relatively recently described group of “stem” bac- 
teria which occur in lakes and other bodies of water attached to some 
inanimate object 

(3) the spiral forms, which arc frequently found in great numbers in water, 
some of which may be very large. 20 to 30 /i in length, as compared 
with the parasitic spirilla: 

(4) a variety of bacilli, including 

(a) pigmented forms such as Bacterium prodigiosnm, Bacterium no* 
laceum, Bacterium amcsccns, and others. 

(b) various non pigmented forms such as 

1 the fluorescent bacteria— Pseudomonas (luorcsceiis, 

2 certain of the sulfur bacteria, 

3 thcrmophiles, 

4 aerobic, spore forming bacilli of uncertain taxonomic position, 

(5) coccus forms, both 

(a) pigmented, generally jcllovv— very often Sarctua lutea, and 

(b) non pigmented— Micrococcus aquatihs. Micrococcus camhcaits, 
ami others. 

(6) nitrogen /i\i» g bacteria— Aiotobacler aqualilc in particular. 

(7) min/imi’ bacteria— both Nitrosomonas and Nitrnhacter. 

These water bacteria are found in fresh water in swamps, streams and lakes. 

I he bacterial populations of salt waters have not been studied until recent 
\ears. but it appears - ' that the sea contains similar bacteria, including the 
nitrouen fixing forms, the fluorescent bacteria, various pigmented forms and 

* Of. Jordan m Thirtieth and Thirt) fust Rcpts Mas* State Bd. of Health. 1898, 1899. 

* Cf the review by lliict Studies rtir t lydrobaktcriotoeic HehcnJcn Ihnnenzcu atier 

Arch, f !!)dmhinl., 1935. 29 183, also the studies of Tavlor. Jour Use, 1940, 40616, 
iM.. 1941, 1942,24284. 

*ZnBcI1 and Tellium Bull. Scripps Inst. Occanog , Tech. Series, 1934, 3 275, Walt 
man, Hotchkiss, Cares and Hardman Jour. Ilact., 1938, 35:477. ZoHclI. Murine Micro 
I’wfoRs Chronica Botanies, Waltham, Mass. 1946. 
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like, and each instance of contamination or possible contamination must be 
considered individually. Fecal bacteria have been found to penetrate from 100 
to 200 feet tn ground water." In general fine soils and sand tend to impede 
their progress to a greater extent than coarse sand and gravel. The rock forma- 
tions may be of considerable significance; sandstone, for example, filters out 
bacteria, while limestone tends to erode with the formation of direct com- 
municating channels, and wells drilled into such formations may contain 
typhoid bacilli which entered the water many miles away and are, therefore, 
always to be regarded as dangerous. 

Contamination by Human Excreta. Contamination of water by human 
excreta may take place, not only indirectly through the agency of soil as noted 
above, but also directly. Such direct contamination is, for the most part, a 
consequence of human population densities and urban organization, and takes 
the form of dumping of sewage of one community into a body of water which 
serves as a water supply to another. Whether directly or indirectly contam- 
inated, such waters contain not only the native bacterial flora supplemented 
by microorganisms from the soil, but also the bacterial flora of the human 
intestine. The contribution of the last consists primarily of Bacterium coli in 
very large numbers, together with Clostridium welch ii, Streptococcus fccaVts 
and the various intestinal pathogens. 

Factors Influencing the Kinds nnd Numbers of Bacteria. The num- 
bers of bacteria that may be found in a given water are dependent primarily 
upon the type of water, whether it is a surface water, such as that found in 
streams, lakes and shallow wells, or a deep water from deep driven wells. In 
the first instance opportunities for contamination are great and, as might he 
expected, many bacteria are present. The water from deep wells, on the 
other hand, has undergone an effective filtration in order to reach the deeper 
strata in which it is obviously not subject to any extensive contamination, 
hence relatively few bacteria are found. 

A variety of environmental factors influences the bacterial content of water, 
chief among these are the amount of organic matter present and the tempera 
ture. In general, the more nutriment there is present in the form of organic 
matter, the greater the number of bacteria. Low temperatures are not con 
ducive to rapid growth and tend to keep the numbers of bacteria down, a 
factor that favors the survival of pathogens such as the typhoid bacillus w ic 
are unable to multiply in any case. Higher temperatures result in an increase 
in bacterial numbers in the presence of sufficient organic matter, but i t ® 
supply of nutriment is not great, after a preliminary increase during vv ic 
the food supply is exhausted, the numbers fall below the initial leve ■ 1 e 
environmental factors are not infrequently influential in determining t 
types of bacteria present in a water; thermophiles will, of course, predomm 
in hot springs and sulfur bacteria in sulfur springs; and the acidity o m 
natural waters results m a limited flora of acid-resistant bacteria- 

Bacteria in Ice. 0 Although it is difficult if not impossible to steri ize a ^ 
stance by exposure to low temperatures, many of the bacteria present are ’ 
only the resistant cells surviving. The great majority of bacteria in wa 

8 See, for example, the studies of Caldwell Jour. Inf. Dis., 1938, 62.225, 272 

0 See Jenson: Food Research, 1943, 8:265. 



CHAPTER 53 


LOCAL IMMUNITY 

Tiik defence mechanisms with which we have hitherto been concerned have for 
the most part been generally effective throughout the tissues of the host ; and 
by whatever route bacteria or their products gain access to the tissues these 
mechanisms will tend to protect the body ns a whole. 

Another type of immunity may bo conceived, confined to one particular area 
of the body, or to one particular kind of tissuo. In Chapter 45 we have discussed 
certain mechanisms that hinder the access of bacteria to the tissues, many of 
which, like the lysozymo in the conjunctiva! sac, or the acidity of the gastric juice, 
are functions of a particular locality in the body. We may distinguish these 
from the mechanisms of local immunity which wo consider in this chapter, by 
assuming that they net on the infecting organism before it gains its primary lodg- 
ment in the tissues. It will be clear, nevertheless, that the distinction, though 
convenient, is arbitrary, for the hindering mechanisms may in fact he located in 
the tissues ; and even if their action, like that of gastric juice, takes place manifestly 
outside the tissues, the effect is ultimately dependent on local tissue function 
We must, therefore, be prepared if necessary to accept a superficial hindering 
umehnjjistM. of this. kxa/1 as. ujj. avr/iessuiu. of. o. tvxn to cal wuwuut$ y thnugji we shall 
Hi the meantime confine ourselves to manifestations of resistance within the tissue*. 

An enhanced local resistance may or may not be associated with a significant 
increase in the resistance of the body ns a whole ; moreover, it may depend on 
a local variation m the response of a generalized defence mechanism ; or upon the 
reaction of special tissues or types of cell in the area under consideration. Th< 
has been a tendency to confute the i*suc of local versus general immunity by- 
inadequate definition of the problem to be solved. The concept of a load immuni 
as such has been imperfectly separated from hypotheses regarding the mechanist 
on which it depends. In some cases the term has been used as though it imp Ji 
a tissue or cellular immunity, not conditioned by humoral factors. In others t e 
has been a failure to distinguish clearly between specific and non-specific effec 
It will simplify discussion if we consider the available evidence from each pen 
of view in turn. 

What evidence is there for the existence of a local as opposed to a general immunity 
An lnnrr atm as 1887 Meierowitsch (1888) noted that rabbite which tad raovm 
■ ' ■ ' ras 

confirmed by many later workers, and Uromakowsky iiosw; 1,ulw 
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killed by freezing. 1 Icnce ice always contains but a fraction of the number in 
the water from which it was formed. Over 90 per cent both of the ordinary 
water bacteria and of typhoid bacilli die within a few hours, and a progressive 
decline in numbers then takes place, less than I per cent of typhoid bacilli 
surviving at the end of a week of freezing. Ice stored for six months is prac- 
tically sterile. Outbreaks of typhoid fever have rarely been traced to the use of 
ice, although in a few instances the evidence of ice transmission seems quite 
conclusive. Danger of typhoid infection from the use of ice in drinking water 
is, in the absence of direct contamination of the ice during handling, always 
less than from the use of water from the same source as the ice. 

The Bacteriological Analysis of Water. 10 It will be apparent from 
the above discussion that the bacteria whose presence in water is a consequence 
of fecal pollution arc not present in uncontaminated water and arc sufficiently 
different from the native water bacteria that they may be readily distinguished. 
Of these bacteria Bacterium colt is present in greatest numbers, while Strepto- 
coccus fecalis and Clostridium ir elchii, although constantly present, are usually 
not so numerous. It would appear, therefore, that any of these microorganisms 
could be used as an indicator of pollution. Of these Bact. colt is the most satis- 
factory, although both Str. fecalis and Cl. welchii ha\c been used in Europe. 
The streptococci are, however, sometimes difficult to differentiate and die out 
more rapidly than coliform bacteria. Cl. w clchii has the disadvantage that its 
sj lores remain viable over long periods of time in contrast to Bact. coli which, 
although more hardy than the tjphoid bacillus, dies out in time, hence Cl. 
weld iu docs not allow the differentiation of recent and old pollution. The 
quantitative relations between the coliform bacteria and the enteric pathogens 
are discussed at some length by Kchr and Butterfield. 11 

The bacteriological examination of water for the presence of Bact. coli rests 
upon the fact that this microorganism ferments lactose The standard pro- 
cedure for the examination has been prepared jointly by the American Public 
I Icalth Association and the American Water Works Association, and is 
revised at frequent intervals. 12 Briclly, it consists of three parts, (I) die 
presumptive test, (2) the confirmed test and (3) the completed test. In the 
first, lactose broth is inoculated with decimal dilutions of the water sample, 
commonly 10 ml., I ml. and 0 1 ml. (expressed as dilutions these arc, rcspcc- 
tivclv, 0 1,1 and 10). The volume of the smallest inoculum producing fer- 
mentation prov ides a crude approximation of the numbers of Bact, coli present 
in the water Of the selective enrichment media, containing ox bile and/or 
brilliant green or riu'noJcatc or lauryl sulfate, only laurv! sulfate trvptosc broth 
has lieen officially accepted for the presumptive test without confirmation, and 
then not for filtered or treated waters. A more accurate estimate may l>c oh 
tamed by inoculating five tulies with each dilution and calculating the most 
probable numlier of Unci coli on the basis of the number of tulies in which 

'"I or Ilmish practice, which differs sIlrIuIs from American, see Ministry of Health 
lit pt .No. 71, 7 tie Bjcteno!oK‘cat n*<m»nw lion vf ll'afer Siipp/iet. His Mj jests ‘s Sta 
miners Office, Lon Jon. 1939 

11 Krht and Hutteilicld Pub Health llrjs, 1943. 58 589. 

,s Tlm procedure mas lie found in detail tn SunJjrJ \trihn.l t of Uafrr . trials so, 
American Public Health Association, 9th ed . 1946, and in condensed form in most of the 
standard laboratory mjnuals 
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LOCAL IMMUNITY 


Wo need not doubt that a local immunity exists, in the sense that one area of 
the tissues is more resistant than another to the consequences of a primary lodgment 
of a living bacterium or virus. The problem at issue is whether these localized 
differences in resistance can be accounted for by local variations in the effectiveness 
of the mechanisms we have considered in previous chapters, or whether some 
essentially different mechanism is operative. 


Is the distribution of a local immunity confined to a particular type of cell or tissue, 
affecting that type of cell or tissue wherever it occurs in the body, or is this dis- 
tribution determined by the site of inoculation, affecting all cells or tissues in the 
immediate neighbourhood of that site? 

Continuing with the example of erysipelas, we may inquire whether it is the 
skin, as such and opart from other tissues, that is rendered resistant by the intra- 
cutaneous injection of living liasmolytic streptococci, or whether the effect is limited 
to the area of the initial erysipelatous reaction, affecting in that area all the cells 
or tissues involved in the inflammatory process. 

The evidence is somewhat conflicting. The observations of Gay and Rhodes 
are consistent with the immunization of the skin as a whole, as the result of a 
localized experimental erysipelas. The findings of most other workers suggest 
that the distribution of resistance is, in the first instance, confined to the area 
affected by the erysipelatous reaction, though other areas of skin share in the more 
general immunity that may be induced by repeated injections of streptococci. 
As Amoss and Bliss showed, outside the area of erysipelatous reaction, the skin 
showing the greatest increase in immunity was that lying in the path of drainage 
through the underlying lymphatic plexus. The point is of some importance m 
deciding whether the increased immunity displayed by the skin as a whole results 
from immunization of the skin as an organ, or is only a manifestation of a high 
general immunity. 

Landsteiner and Chase (1039) recorded some experiments which are relevant to the 
issue. They were able to sensitize the entire skin of a guinea-pig to poison ivy by Ioca 
application of an extract to one area of it. Isolation of the area of application, by remov- 
ing an annular piece of skin so as to leave an island, did not impair general sensitization 
even though the whole thickness of the skin was thus removed. When the under ywg 
lymphatic plexus, and consequently the only pathway for the ready absorption o t 10 
extract into the body as a whole was severed, general sensitization did not follow app ica 
tioo of the extract. 

The question posed leads naturally to the one that follows it, and we sha 
consider the evidence relevant to its solution under this and oth< r hea s 


Does the local immunity as such, and apart from on associated humoral immuni y, 
confer an increased resistance on the body as a whole ? 

It will be convenient to commence our discussion of this question by 
out, in their baldest terms, the views that were put forward y esre 
1920, 1921) _ 

He noted that many, if not all, pathogenic bacteria tend t0 cli IselnStU 

tissues of the body Thus the typhoid, paratyphoid and dysentery bac • HoweVer> 
infection, and the anthrax bacillus commonly causes infection o ic s - 
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fermentation occurs. Tables for the calculation of the most probable numbers 
are given by Prescott, Winslow and McCrady. 2 The confirmed test consists 
of the inoculation of a specified selective medium such as Endo or eosin- 
methylene blue (EMB) plates, brilliant green lactose bile broth, crystal violet 
lactose broth, fuchsin lactose broth or formate ricinoleate broth. The appear- 
ance of typical coli colonies on the plates or fermentation in the selective lactose 
broth constitutes a positive confirmed test. In the completed test one or more 
typical colonics are picked from an Endo or EMB plate inoculated either from 
the original lactose broth culture or from the secondary selective medium show- 
ing fermentation and arc transferred to an agar slant and a lactose fermentation 
tube. After incubation the slant culture is smeared and stained and examined 
for the gram-negative non-spore-forming rods of Bact. coli. If the culture is 
found to be morphologically Bact. coli and the lactose is fermented, the com- 
pleted test is positive. 

The Coliform Bacteria. Although Bact. coli is readily distinguished from the 
native water bacteria, the closely related Bacterium aerogenes is found in 
grains and elsewhere in nature though not, it may be noted, in virgin soils. 
The two bacterial species may be differentiated by a number of tests (p. 422), 
but these are not a part of the standard method of water examination; hence 
the gram-negative, lactose-fermenting bacteria whose presence is determined 
are more properly termed coliform bacteria rather than Bact. coli. 

The Sanitary Significance of Coliform Bacteria. In recent years there has 
been a tendency in sanitary water analysis to emphasize the distinction be- 
tween Bact. coli and Bact. aerogenes, the presence of the latter being consid- 
ered by many to have little or no sanitary significance. There is no doubt 
that Bact. coli is more predominantly of "fecal origin” while Bact. aerogenes 
is found in greater relative abundance in soil than in sewage. For this reason 
it is maintained that a predominance of Bact. aerogenes over Bact. coli in 
a water supply is more indicative of soil contamination (the coli presumably 
of animal origin) or past pollution than of recent pollution. In general, how- 
ever, while the proportion of Bad. coli to Bact. aerogenes is frequently cor- 
related with the sanitary survey, there are too many exceptions to warrant 
attaching great significance to it The ecology and significance of the different 
types of coliform bacteria found in water arc reviewed and considered m 
detail by Taylor. 13 , 

It should be remembered, however, that coliform bacteria of all kinds are 
practically absent from virgin soils and from pure spring and surface waters, 
and that while Bad. aerogenes and intermediate forms are not present in eces 
in as great numbers as Bad. coli, their presence may nevertheless be demon 
strated by appropriate methods. 14 Even if it is true that Bad. aerogenes i^ 
somewhat more resistant than Bad. coli, and hence may survive in soi o 
water long after the latter has disappeared, the fact that its presence is no 
reliable evidence of recent pollution may not be as decisive as sometimes^ 
sumed Experience in water examination has shown that it is not sa e to 1 
regard the warning of potential danger conveyed by evidence or soi " as I 
and "past pollutions.” It is unwise, therefore, in routine water analjsis, o p 


*3 Ta>Jor Jour. Hyg., 1942, 42-23. 

14 Gray Jour. Hyg., 1932, 32:132; Bardsley: Jour. Hyg., 1934, 
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concluded that tbo rabbit can resist a largo subcutaneous inoculation of B. antkracis 
provided that tlio bacilli do not como into contact with any wound of tbo skin. 

Other investigators have, however, recorded quito different results. Sobcrnhc'im and 
Murata (1924) estimated the minimal lethal dose of a culture of B. antkracis when adminis- 
tered by different routes. They found that about 1/10,000 of a loopful would produce 
death when introduced intrapcritoncally or intravenously, about 1/100,000 of a loopful 
when introduced subcutaneously or intracutancously and about 1/1,000,000 of a loopful 
when injected intramuscularly. 

It is obviously difficult to avoid infecting tho skin when making injections into any 
subjacent tissue, and this objection has been urged against thoso who have recorded 
successful infection by some route other than tho intrncutancous ; but Besredka’s assump. 
iion can hardly be reconciled with tho observation that a smaller d oso of bacilli is required 
to produce a fatal infection when tho inoculation is made into the muscles than when 
it is raado directly into tho skin. Similarly, Basset (1925) was unable to demonstrate 
any superiority of tho intrncutancous as compared with the subcutaneous or intramuscular 
route. (Sco also p. 1185.) M tiller’s (1925) results are opposed to those of Plotz. Finding 
that anthrax bacilli w ould grow slow ly through the pores of an L t candle, he placed cultures 
of the organism in such candles, scaled them carefully, and introduced them into the 
peritoneal cavities of nmo rabbits. Seven of these animals died after intervals varying 
from 6 to 51 days. Tins Jong incubation period would appear to preclude an infection 
of the skin occurring at the time of the introduction of tho candles. Burke and Barnes 
(1931) exploited the bactericidal action of gentian violet in an attempt to produce an 
initial subcutaneous infection with B. anthracis unassociatcd with any primary infection 
of the skin. A guinea-pig was injected with a young culture of B. anthracis by introducing 
the needle through the skin of the abdominal wall in one flank, and then passing it sub- 
cutaneously across the abdomen to tho other flank, where the inoculum was deposited. 
The point of the needle was then withdraw n to just bcneatli the skin puncture, tho syringe 
barrel was detached, another barrel containing a 1 per cent, solution of gentian violet 
was attached, and the dye was introduced into tho puncture as the needle was withdrawn. 
The guinea-pig died in 56 to 72 hours. The characteristic gelatinous infiltration occurred 
at the point where the inoculum bail been deposited, not at the point where the needle 
had boon inserted. Cultures from the dje-stained area about the site of the skin puncture 
remained sterile. 

Clearly Besredka’s contention with regard to tho unique susceptibility of the skin 
to anthrax has not been proved. Besrcdka and his colleagues (Besrcdka 1924a, l, Besredka 
and Urbain 1924) also attempted to immunize the skin against other bacteria. They 
applied filtrates from broth cultures of staphylococci or streptococci to the shared s on 
of rabbits, and tested the resistance of these areas of skin to subsequent infection wi t 
the homologous organisms. They concluded that this procedure conferred a high degree 
of local immunity. In later reports they, and others, recorded valuable curativo proper ics 
in these filtered cultures — the so-called “ antivirus ” preparations — but these observations 
do not bear directly on the problem at issue, and need not be further considere ierc j 

We need not doubt that various procedures of this kind may raise tho resistance o oca 
areas of skin to subsequent infection ; but it by no means follows that this is associa 
with an increase in the resistance of the body as a whole. 

Thus, Hach, Borodaj and Melnyk (1928) state that staphylococci, after mtraveno 
inoculation into rabbits, tend first (3— 3 J hours) to accumulate in the spleen, few remaini ® 
in the blood and few being present in the skin. As the infection progresses owo 
rapidly fatal issue the distribution changes; the number of cocci in the epeen _ 
diminish, the number present in the skm show an enormous increase. u *P e _ 
dermal inoculations of a staphylococcal filtrate, preceding tho intravenous in J cc 10 » P . 
vented this rapid accumulation of staphylococci in the skin (Hack and e . J 
but there was no effective immunity, the rabbits dying of typical acute spy 
infection. 
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too much stress upon the differentiation between Bact. aerogenes and Bad. 
colt, at all events until the practical value of such differentiation can be clearly 
demonstrated. 

Plate Counts. It is usually desirable to have an approximate measure of the 
total number of bacteria in drinking water, not because the sanitary quality 
of a water can be judged on this basis alone, but because such information 
frequently has ancillary value. The counts obtained by quantitative dilution 
and plating are, it must be remembered, those of the microorganisms that will 
grow on the medium used, other bacteria being quite inapparent by this 
method. 

Two scries of plates are poured, one in which the medium is nutrient 
gelatin and the other nutrient agar, or both may be nutrient agar. The gelatin 
plates, or one set of agar plates, are incubated at 20° C. and the agar plates at 
37° C. 12 In general the native water and soil bacteria grow best at 20° C ; in 
some cases they do not grow at all at 37° C.; and bacteria of animal origin 
grow most rapidly at body temperature. The relative numbers of microorgan- 
isms growing at the two temperatures are, then, at times suggestive of the 
origin of the bacteria found 

Chemical Analysis. The analysis for appropriate chemical compounds fre- 
quently is of value as an adjunct to bacteriological analysis in the determina- 
tion of the sanitary quality of a water. 12 Pollution by sewage, for example, adds 
complex compounds, protein, carbohydrate and fat, to the water, and the 
amount and state of the decomposition products of these substances may serve 
.is an index of the degree and time of pollution Ammonia, nitrites, nitrates, 
chlorides and albuminoid nitrogen arc usually determined. Of these, chloride, 
and to a certain extent nitrate, arc the most useful It may be noted that the 
chemical analysis of water is frequently made in connection with hardness, 
turbidity, taste, smell and similar features, which, while often of considerable 
industrial or esthetic significance, arc of no sanitary importance. 

The Af»»ny of the Sanilnry Quality of Water. 11 The means by which 
the sanitary quality of a water is judged may be summarised briefly 

(1) The b ictcriological analysis, including both 

(a) the presence or absence of coliform bacteria and 

(b) the number and type of bacteria present, 

(2) the type of water, whether surface or deep, 

( 3) the local conditions, and 

(4) chemical analysis. 

Of these the presence and numhersof coliform bacteria arc the most important, 
and it must be remembered that the rclaii\c abundance, rather than the pres- 
ence, of these microorganisms is the essential feature of the test. The discovers 
of a single colon bacillus in 50 ml. of water, ores en occasionally in 5 ml., affords 
no reasonable ground for suspicion of the water. The possibility of sporadic 
contamination with colon bacilli derived not from man hut from domestic 
animals or birds must be kept in mind. Manured fields and pastures, filled with 
grazing cattle or sheep, arc likely sources of colon bacilli and may give rise to 
mistaken inferences if the environmental examination of a water supply is 

••Sirccter: laboratory Control of U’cler Swrrhf* Public Health Heron*. Suppl. No 
201. 19-18 
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Gay and Morrison (1923) injected various substances intrapcritoneally into rabbits, and 
injected living streptococci 24 hours later. They found that certain substances, such as 
meat-extract broth, afforded considerable protection, whereas others, such as alcuronat, 
did not. They noted that the substances conferring protection were those that produced* 
exudates in which macrophages were particularly numerous; on the other hand those 
that produced exudates containing numerous polymorphonuclear cells but few macro- 
phages were far less effective. 

Oerskov and Kauffmann (1930) and Oerskov (1940) recorded examples in mice of 
an intraperitoneal immunity to Vi forms of Salm. typhi and to Sh. dysenteries that could 
bs induced non-specifica!ly by the injection of living or dead preparations of bacteria 
having no antigenic relationship to the infecting strain. Thilipson (1937) made an extensive 
study of the immunity to Sh. dysenteries induced in mice by vaccines of Salm. paratyphi B. 
A relatively high degree of non-specific immunity to intraperitoneal Sh. dysenteries was 
demonstrable 8 hours after an intraperitoneal dose of vaccine, and lasted for 3-9 days. 
When two doses of vaccine were given at 9 days’ interval, the immunity was demonstrable 
2 hours after the second dose, and lasted up to 21 days. Thus the period of induction 
of the immunity w ns shortened, and its duration lengthened, by the re-vaccination. An 
intraperitoneal immunity of this degree, demonstrable 2 hours after the second dose of 
vaccine, could not bo induced by intravenous vaccination and rc-vaccination, nor by 
intravenous vaccination and intraperitoneal re-vaccination. Some immunity, however, 
followed intraperitoneal vaccination and intravenous rc-vaccination, indicating that the 
stimulating effect of re- vaccination could be elicited in the peritoneum by blood-borne 
vaccine. Though the immunity was clearly non-specific, the stimulating effect of re- 
vaccination was in some way dependent on specific factors, for vaccination by one species 
of bacterium, and rc-vaccination by an antigcnically unrelated bacterium, was not followed 
by any significant increase in immunity. 

Walsh and Cannon (1936) immunized rabbits against intranasal infection of the lungs 
with Type I pneumococci, by five or more daily instillations of formol-killed Type I 
pneumococci. The immunity was specific, though it appeared before antibodies were 
demonstrable in the blood of the animals. Cannon and Walsh (1937) recorded experi- 
ments which point to the induction of a local, perhaps specific, immunity in the lung by 
this procedure — an immunity apparently dependent on an increased resistance to the 
passage of the cocci from the alveoli into the tissues (see also Exchaquet 1936). Similar 
results w ere obtained by North and Anderson (1942), who found that intranasal II. pertussis 
vaccines were more effective than intraperitoneal vaccines for immunizing against intra- 
nasal II. pertussis. They concluded, however, that the superiority of the intranasal route 
was due to non-specific immunity, since the antibody response to vaccination by cither 
route was similar. Intranasal vaccines made of organisms more or less related to 
H. pertussis — II. influenzas, II. parapertussis and H. bronchisepticus — were also effective. 
No immunity resulted from instillation of staphylococci or pneumococci, but a Bad. co i 
vaccine was highly effective. The efficacy of the Bacf. colt appeared to depend on i 
capacity to induce a histological reaction in the lung similar to that induced by H. 
Serologically Bpeaking, the effect was non-specific. It is salutary to reflect that, a 
test with Bacl. coli been omitted, the evidence would have been of the kind we are wctis 
tomed to regard as a reasonable indication of the specificity of a particular immunizin 
effect (see also Gray 1947, Cooper 1952). _ . 

Pulhnger (1936, 1938) provided an instructive example of a clear-cut increase m “ g 
specific local immunity dependent on the mobilization of cells in the lymph n es ® g 
guinea-pig. The generalized infection following an intramuscular injection of r * fl , 
was largely inhibited when the organisms were injected together with a second ac 
Myco. tuberculosis or Listeria monocytogenes. Injection of the second bacterium m 
other site did not affect the brucella infection, except to a very slight extent m 
receiving the tubercle bacillus ; nor did the second bacterium act as an adj'uvant, ,m P , 
the animal’s antibody response to the brucella. The effective immunization a P 
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neglected. Knowledge of such local conditions as well as the type of water is, 
then, essential to the interpretation of the bacteriological findings. Chemical 
analysis may be of considerable help in some instances, but in general finds 
its greatest utility in the study and control of gross pollution in which the 
decomposition of organic matter and presence of industrial wastes are a nui- 
sance, rather than the assay of the purely sanitary quality of a water. 

Drinking Waters. The question of the significance of the bacteriological 
findings brings up the matter of standards to which a water suitable for drink- 
ing should conform. Now it will be clear that, although considerable numbers 
of colon bacilli in a water are always suggestive of fecal contamination by man 
or animals, a standard is necessarily a minimum which is inherently difficult 
to define under the circumstances. In this country the United States Public 
Health Service has prepared recommended standards 1 n which are intended to 
represent a minimum. In the recommended procedure the frequency of 
sampling is dependent upon local conditions, the minimum varying from one 
per month for a population of 2500, to 500 per month for a population of 5 
million. The sample is 5 10 ml. portions, or 5 100 ml. portions. The results of 
bacteriological examination by Standard Methods procedures should be as 
follows 


Cl) Of all 10 ml. portions examined per month, not more than 10 per cent shall show 
the presence of col /form bacteria. 

(2) Occasionally more than 3 of the 5 samples show coliforms, this must not occur in 
more than 5 per cent of samples when 20 or more samples are taken per month, or 
in more than 1 sample if less than 20 samples are taken per month. 

(3) Should such a result (as j n 2) be obtained from a single standard sample, daily 
testing must be earned out until at least 2 consccutisc satisfactory samples hate 
been found. Such daily samples are to be regarded as “special samples' and not 
included in the monthly totals. 

(4) With regard to the 100 ml. samples: . 

(a) Not more than 60 per cent shall show coliforms. 

(b) Occasionally all 5 portions constituting a single sample will show conforms, 
this must not occur in more than 20 per cent of samples when 5 or more 
samples arc examined per month, or in more than J if less than 5 samples are 
taken per month. If so, daily "special samples” must be taken as ahote. 

The water shall be satisfactory as to taste, odor and color and shall contain less than 

c chemical impurities: lead, 0.1 ppm, fluorine, 1.5 ppm, 

copper, 0.3 ppm, iron and manganese, 0.3 ppm; mag 
, chloride and sulfate, 250 ppm, total solids, 500 ppm 

phenol, 0 001 ppm. 


The British Ministry of Health suggests standards 17 based on tl.j presump- 
tive coliform count as determined by acid and gas formation in MacCon c> 
broth on the piped supply entering the distribution system. W aters are 
vided into classes on the following basis. 

Class I — Water of class I and regarded as highly satisfactory contains less than 1 colifo 
per 100 ml. 


16 United States Public Health Service: Manual of Recommended \\ ater 

Practice Pub. Health Bull. No. 296, 1946. These standards are also summarized in 
Health Rep., 1946, 61:371; and in Jour. Amer. Water Works Assn , 1W6, Nq 

17 The Bacteriological Examination of Water Supplies. Ministry o ea 


71. His Majesty's Stationery Office, London, 1939. 
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acquire a specifically altered reactivity in this way. Work on the transference 
of the delayed type of hypersensitivity provides an example of an even more 
profound specific modification of cells, in this case the lymphocytes. These 
examples of specific immunological changes relate to hypersensitiveness ; in the 
field of immunity proper, we have Lurie’s demonstration (p. 1197) of an acquired 
apparently cellular immunity to the tubercle bacillus as a model for the kind of 
property we are discussing. 

Little is known about non-specific immunity at the cellular level. As we saw 
in Chapter 53, the distribution of infective lesions among the various organs of 
the tuberculous animal suggests an organ resistance which may be referable to 
some antibacterial substance peculiar to, or in abundance in, the cells of that 
organ. Equally characteristic, though different, distributions occur in other 
bactera?mic infections, as reference to various bacterial pathogens in Parts II and 
IV will show. 

The freedom of a given organ from lesions due to blood-borne infection can, 
however, be no more than suggestive of an organ immunity based on peculiarities 
of the cells of that organ, until alternative determining factors, like the anatomical 
relations of the organ to the blood stream, arc eliminated. 


SUMMARY 

The evidence available appears to justify’ the following conclusions. 

(1) By the injection of various materials into the tissues, and by certain analo- 
gous procedures, it is possible to induce an immunity which is confined to the 
neighbourhood of the treated area, and is not shared by the body as a whole. 

(2) This immunity appears to be distributed in accordance with the area in- 
volved in the original inflammatory reaction, not in accordance with the distribution 
throughout the affected part or throughout the body generally of one particular 
type of cell. There is good evidence of a localized immunity affecting a region oi 
skin, ox a particular serous sac. There is no adequate evidence of an immunity 
affecting the skin as a whole, or the intestinal mucosa as a whole, or serous surfaces 
as a whole, except as the expression of & general immunity. 

(3) It follows that we cannot accept the conclusion that a localized immunity 

of the latter type is an essential factor in a general immunity. Even had an in- 
duced skin immunity, or mucous membrane immunity, been shown to exist, our 
knowledge of the general defence mechanisms of the body would prevent us from 
regarding such a local increase in resistance as the essential factor in antibacterw 
immunity. . . * 

(4) All the evidence suggests that non-specific factors are of primary imp 
ance in those instances of local immunity that have been submitted to expenmen ® 
study. It would appear to be the initial inflammatory reaction as such, an 
cellular changes which persist for some time after it has subsided, that . e 

the relative resistance of the treated area to subsequent experimenta 1 ' 

In particular it would seem that any treatment which induces a local mo 1 . 

and concentration of histiocytes will confer on the treated area an increase 
ance, which will last as long as the local cellular changes persist. ere , 

evidence that with the decline of the cellular change, the tieate > are ® 
for some time more responsive than normal to non-specific immumza w 
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A 

class I, not more than 80 per cent belorv class II, and none below class III. 

While a presumptive test alone is specified, the occurrence of positive pre- 
sumptive tests has been found to be very high in Britain. Waters of classes I 
and II conform closely to the American standards. 

Sipfriiffung Pools and Bathing Places. The sanitary control of water in swim- 
ming pools and bathing beaches is similarly based on bacteriological examina- 
tion The American Public Health Association has recommended that not more 
than 15 per cent of samples of swimming pool water contain more than 200 
bacteria per ml. or give positive confirmed tests for coliforms in any of 5 10 ml. 
samples when the pool is in use. The standard is as high as that for drinking 
water, but pools are usually filled with water of drinking quality and pollution 
is not only derived from bathers but is fresh and may be highly infective. The 
presence of acid forming streptococci is also of considerable utility as a measure 
of oral and skin contamination, and usually corresponds closely to the total 
count Such waters commonly contain residual chlorine which must be neu- 
tralized with thiosulfate when samples are collected for bacteriological exam- 
ination. In natural outdoor bathing places the test for coliforms is the most im- 
portant The standards are necessarily much more lenient than those for indoor 
pools, and those adopted locally vary from an allowable 100 coliforms per 100 
ml. in California and Indiana to 3000 coliforms per 100 ml. allowed by the 
New York City Health Department. 

The Purification of Water Supplies. When, by bacteriological exam- 
ination or otherwise, a water is known to be unsafe for consumption, the ques- 
tion arises as to ways and means of artificial purification There arc a number 
of useful methods of purifying water, differing according to the amount and 
character of the water to be treated, which may be summarized as follows: 

(1) mechanical methods 

(a) storage 

(b) filtration 

1. slow sand filtration 

2. coagulation and rapid sand filtration 

(2) chemical methods 


Of ■ ' 1 ‘ ■> purification, 

thoug : ' * > impounded 

waters because of the exhaustion of the food supply and the consequent death 
of bacteria and settling, not so much of bacteria alone as of suspended matter 
which carries down bacteria with it. The partial removal of .suspended matter 
»s frequently desirable, particularly with turbid waters, and may be carried out 
bj allowing the water to remain in a settling basin for a time. 

Slow sand filtration is one of the earliest and most effective met both of water 
purification anti is in use in many European and some of the older American 
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THE INFLUENCE OF DIET, FATIGUE, CHANGES IN 
TEMPERATURE AND HUMIDITY, CHEMICAL AND 
CHEMOTHERAPEUTIC AGENTS AND OTHER 
FACTORS ON GENERAL OR LOCAL IMMUNITY 

The Influence of Diet on Immunity 

Thu traditional association of famine and pestilence epitomizes an age-old belief 
in the influence of diet on resistance to infective disease. Modern epidemiology 
and social medicine have substantiated that belief by establishing associations 
between malnutrition and certain infective diseases — such as tuberculosis. Mal- 
nutrition itself, however, is in turn linked with so many interrelated and variable 
factors m the human environment, and the human herd is so ill-suited to the 
kind of controlled experiment that would enable us to estimate the importance 
of these other factors, that there are few instances where the association could 
with complete confidence be interpreted as a causal relation. 

To establish that relation we have at present to rely almost entirely on animal 
experiment Our success in the field will depend firstly on how far the defence 
mechanisms that are susceptible to investigation adequately represent the pro- 
cesses likely to be influenced by diet ; and secondly on how far we can identify 
the effective components of the diet, and their relation to one another. We must 
consider the food as a source of energy, of nutrients, and of accessory food factors. 
We shall find many reports on the action of dietary factors to be contradictory ; 
in some cases, doubtless because the components of the diets were heterogeneous 
and in others because in each experiment different variables were controlled. 

We discussed in Chapter 43 some of the variables that affect the measurement of re- 
sistance ; for example, the genetic constitution, age, sex, and methods of maintenance 
of the experimental animals. The commonest dietary test consists in depriving the animal 
of a food ; but such deprivation means little unless v, e know such things as the irntw 
nutritional state of the animal, how long the deprivation should be maintained to ensure 
that the animal’s tissue reserves of the food in question aie depleted, and ' aether t Q 
food is not being supplied, say, by the microbial flora of the gut (see Chapter Oj). " en 
the animal is depleted, the observed changes in resistance may be due, not to the lac 0 
one factor, but to the presence of another whose ill-effects in the full diet were antagonize 
by the factor we have removed- Again, the depletion may have caused a loss of &PT* i » 
and so led to an effective deficiency of a factor in the diet on which the animals are e * » 
maintained. These ambiguities can sometimes be avoided by proper design o 
test. In the design, we must also decide what kind of resistance to measure. * 
example, we infect the animal by natural means — such as the oral route in mou«e tyy ' ^ 

the subsequent morbidity rates will measure resistance to infection ; but if wc use 
t ravenous route, we should Ik* testing the capacity of the tissues to resist the coiweqn 
1306 
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cities. These sand filters are constructed so that the water passes through 1 to 
5 feet of sand supported upon graded layers of gravel (see Fig. 33). The rate 
of filtration must be accurately regulated and the efficiency of operation con- 
trolled by frequent bacterial tests of the effluent. Such filters are highly effec- 
tive. Bacteria are removed, not to any great extent by mechanical straining out, 
but through a biological mechanism in which the activity of protozoa is an 
important feature. The passage of water through these filters is necessarily a 
relatively slow process and. in consequence, relatively large areas are required, 
which, for financial or other reasons, are no longer available in large American 
cities. Few of these filters have been constructed in recent years, and the use 
of rapid sand filters is becoming common. 

The rapid sand filters, which may be used with turbid waters that would clog 
a slow sand filter, are frequently employed in conjunction with "coagulation,” 
the addition of such substances as aluminum or ferric sulfate, which form floc- 
culent precipitates (the hydroxides). The precipitate carries down most of 
the suspended matter and, of course, many bacteria, and is readily filtered out, 



yielding a clear effluent containing relatively few bacteria. Laboratory' experi- 
ments on centrifugation of dilute suspensions of Bad. coli in the presence !) 
kaolin or infusorial earth have indicated that 70 per cent of the viable ce $ 
are found in the sediment.* 8 Such filters must be cleaned from time to time, a 
process that is seldom required with slow sand filters. They make possib e, 
however, the treatment of a large quantity of water on a relatively small niter 
ing area . 

Destruction of pathogenic bacteria in water supplies is most often broug 
about by treatment with germicidal chemicals. Of these, hypochlorite (ca 
cium hypochlorite or bleaching powder) was at one time used widely in t e 
treatment of municipal water supplies, and it still has its uses, althoug it ^ 
been largely superseded in large scale treatment by liquid chlorine, whic J 
supplied in cylinders under pressure. Chlorine is added directly to t e wa e 
through an automatic feeding device in accurately measured amounts w ic 
are determined by the character of the water. In general, the greater ^ 
amount of extraneous organic matter present, the greater must be the 
of chlorine added. The amount of chlorine taken up is termed the c or ! 
demand, and the point at which the residual chlorine or available c or 
becomes proportional to the added chlorine is called the 'breakpoint ,n .. 
chlorine demand curve. The introduction of breakpoint chlorination us 

1 * Schulhoff and Huekelekian: Jour. Amer. Water Works Assn., 1936, 28.19 
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significantly lower epidemic mortality occurred in tho groups whose diets included the 
dried milk. Tho better diet apparently reduced tho risk both of manifest, and of latent 
infection. 

Church (1939) recorded results substantially in agreement with these using Salm. enteri- 
tidis as the infecting agent ; the dietetic effects were far more readily produced in youn* 
mice when the mothers were also subjected to the diet from a few weeks prior to matin*! 
Indeed, the only changes found to exert a significant effect when instituted first in the 
weaned mouse occurred as the result of a 75 per cent, decreaso in the total mineral con- 
stituents or an 80 per cent, decrease in calcium content. 

Reference to the protocols of Webster and Pritchett (1924), Pritchett (1927), and 
TopJey, Greenwood and Wilson (1931) shows that Watson’s results were entirely com- 
patible with tho view' that the milk powder in the earlier diets was the component that 
determined the increased resistance of the mice receiving it, though this possibility was not 
at that time envisaged. It would appear that tho tissue changes on which increased re- 
sistance depends take some time to develop. The mode of action of the milk powder is 
obscure. The reproduction of Watson’s mice was poor on the high oatmeal diet. Howie 
(10 40) observed that reproduction of mice was better on low oatmeal than on high oatmeal 
diets, and suggested that Watson’s milk powder diet had raised resistance by adjusting an 
imbalance in her poor diet. This may well be so, though j t should be n otod that a diet good 
for reproduction and growth of an animal is not necessarily the best for resistance to a 
given infection. Howio and Porter (1950), for example, among six diets tested, found 
no constant association between growth and reproduction on the one hand, and resistance 
to salmonella and tho tubercle bacillus on the other. 

Sengupta and Howio (1949) recorded that of two diets, one richer than tho other in 
calcium, protein and vitamins promoted the greater resistance of mice to tuberculosis 
initiated by intravenous injection of tho bacilli. 

Schneider (19466, 1948, 1949) examined a diet of whole wheat and whole dried milk, 
which had proved better than a “ synthetic ” diet in promoting resistance to oral Salm. 
enterilidis in mice. Tho effective factor proved to bo a thermostable constituent of wheat, 
corn, yeast and grass. His experiments illustrate tho importance of the genetic constitu- 
tion of the mice used, and tho state of tho infecting organisms, which had to be nicely 
adjusted to reveal significant differences in resistance ; the best results were obtained with 
a heterogeneous population of mice, and a mixture of virulent and avirulent forms of the 
salmonella. 

In experiments on sheep, which were carried out in Scotland, animals were allowed to 
graze on different types of pasture, or fed on different diets in pens, and studies w'ero made 
of tho blood calcium, blood phosphorus, and (as an index of immunity faule de uuckx) 
of certain of the natural agglutinating or lytic antibodies. The results, as one would 
expect, were by no means easy to interpret ; but there appeared to be a definite correlation 
between ample pasturage, a high calcium and low phosphorus content of the blood, an 
general well-being, and there was a suggestion that these conditions were associated wit 
active lytic properties of the serum, while the agglutinins in certain experiments ®PPf ar 
to have varied inversely as the Iysms (Orr et al. 1931). In later experiments ( ac ,e 
et al. 1932) a slight indication was obtained that the animals on the poor pasture wero 
more susceptible than controls to the intradermal injection of the toxin of t e am 
dysentery bacillus. 

Proteins. — As regards the proteins, wo may first note that experimental 
the serum proteins in dogs, by repeated bleedings and replacement of whoe 00 . ate( j 
erythrocytes alone, or experimental hypoproteinsemia and anaunia together, is ^ a ff 0 f^ nSi 
with a high incidence of endocarditis, pneumonia and septicemia (Robsc ei • ° ’ 

Miller and Whipple 1943). Hypoproteinsemia of rats and rabbits induced by low p 
diets Is associated with increased susceptibility to Type I pneumococcal m ec I0 ”’. t - on 
decreased formation of antibody, as evidenced by a poor response to specific miniu 
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results in material improxement in the sanitary quality of a water. 1 * When 
liquid chlorine is added to ordinary surface water, clear and not highly con- 
taminated, in the proportion of about 0.5 to 1 part of "available chlorine” 
per million gallons, the ordinary intestinal bacteria are destroyed, including 
such pathogenic forms as the typhoid bacillus 20 The tastes and odors in chlor- 
inated waters may be due to an overdose of chlorine caused by inadequate 
control methods, or to the action of chlorine upon compounds present in the 
water, commonly as industrial wastes. Excess chlorine and tastes caused by 
chlorination can often be remoxed by dechlorination with SO., or treatment 
with KMnO.| or activated carbon. The bactericidal activity of chlorine may 
be prolonged, particularly in waters containing considerable organic matter, by 
the simultaneous addition of liquid ammonia with the formation of chlora- 
mines - >1 The introduction of chlorination of municipal water supplies has, in 
practically every instance, resulted in marked reductions in the incidence of 
enteric infection, typhoid fe\er in particular, in this country. The addition of 
chlorine or other bactericidal agents is not a "cure-all” howc\ cr. When a water 
is sufficiently hcauly contaminated, bacteria embedded in particles of organic 
matter are not killed cxen in the presence of available chlorine. It is generally- 
agreed that a content of more than 50 cohform bacteria per milliliter indicates 
pollution too great for successful chlorination 

In the last few years chlorine dioxide (CIO.,) has been applied to the treat- 
ment of water. It has the ad\antagcs that it destroys algal tastes as well as the 
chlorophenol taste of certain chlorinated waters, and oxidizes organic matter 
more rapidly than chlorine, thus allowing the maintenance of a chlorine resid- 
ual in the distribution system. In water solution this substance is decomposed 
by light to chloric and perchloric acids and oxygen, and is more bactericidal for 
cohform bacteria than chlorine.* 2 

It may be noted that frequently a combination of filtration and chlorina- 
tion is desirable particularly with rapid sand filters. Not only docs a preliminary 
filtration base esthctically desirable features in the case of turbid waters, hut 
considerably less chlorine is required for treatment than would haxc been the 
case had not the greater part of the suspended material been remoxed. 

The chemical treatment or water on a small scale does not always imohe 
expense as a primary consideration and hence other methods are not infre 
quently used The treatment of swimming pool water by ultras iolct irradiation 
adds no tastes or odor to the water and, although considerably more expensixe 
than chlorination, can he used because the scale of operation is small. Ozone, 
x\ Inch is strongly hictericul.il, is also rclatixely expensixe and is not commonly 
used in tlnscountrx hut is used loan appreciable extent in Europe 21 Chlorina* 

•'f/. Coffin am! Chamberlin* Amer Jour. Pub Hcahb. 1945, 35-199 

in Sec. for example, the studies of Lextnc, I Idler ami Dernier: Jour. Amcr. Water Works 
Assn.. 1942, 34 1787. 

JI Tlie chlorine ammonia treatment is discussed in Jour. Amer. Water Work* A*sn.. 
1941. 33 2079. 

J, Sce Sjnana, McMahon and Vincent. Water Work* and Seuerac«\ 1944, 91*423, 
il’id . Jour. Amer. Water Work* Assn , 1945, 37 869. ihul . Amer. Jour Pub 1 lealth. 1946, 
36 1035. 

11 Sec the res ios on orotic treatment b* I linn- Jour Amer. Water Work* Assn. 1943, 
35 5S5. 
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response, may obscure real differences in rates of synthesis, which might appear were 
the response to be tested at a lower level of efficiency. Thus, Howie, Barr and Glenny 
(1953) observed an increase in diphtheria antitoxin formation by ewes when a supplement 
was added to a grass diet, but only with the less efficient interval of 4 weeks between primary 
and secondary doses ; when the interval between the stimuli was 9 weeks, the better re- 
sponse in both test and control animals masked this difference (see Balch 1950, above). 

Minerals. — The possibility that variations in the intake of mineral salts might have 
an influence on resistance was explored by various experimental workers (Zilva 1919, Lan<*e 
1925, 1927a, b, Pritchett 1927, Hotta 1928, Kligler and Geiger 1928, Mayer and Sulzberger 
1931, Sulzberger and Mayer 1931), but, excepting the results of Church (1939) noted 
above, the evidence is highly confusing. 

Clark and his colleagues studied the effect of Binglo mineral deficiencies in mice ; varia- 
tions in Ca, Mg and Cl had no effect on susceptibility to Theiler’s encephalomyelitis virus ; 
the incidence of paralysis, but not the death rate, was decreased by Na deficiency and by 
depletion of either Iv or P (Rasmussen el al. 1944, Lichstein el al. 1946). A rather different 
mineral effect was recorded by Hitchings, Fatco and Sherwood (1949), who identified 
manganese as a dietary 7 factor that in mice enhanced the infectivity of certain strains of 
pneumococci, apparently by supplying a growth factor to the organisms (see also p. 1387). 

Apart altogether from their effect on the defenco mechanisms of the tissues, there can 
bo no question that variations in diet alter the local conditions in the gastrointestinal 
tract. We know (seo Rettger and Cheplin 1921, Dudgeon 1926) that the ingestion of certain 
foodstuffs produces characteristic changes in the gastrointestinal flora; and Arnold (1926, 
1927a, b, 1929) has stressed the importance of various food materials in deranging or main- 
taining the efficacy of the gastro-duodenal bactericidal mechanism, particularly in infants. 
Ho suggested that such results os those recorded by Webster and Pritchett (1924) and 
Pritchett (1927) might bo due in part to effects of this kind. 

We may note here an association between infection and hypersensitiveness 
to diet, which may prove to be of some importance in the study of resistance. 
Coca (1941) observed in man a syndrome that he ascribed to food allergy, 
and found that the incidence of the common cold ” ivas higher among allergic 
than among non-allergic human beings. Brown and others (1943) confirmed bis 
observations. 


Accessory Food Factors 

The Fat-soluble Vitamins A and D.— In 1909 Knapp described in rats on a 
deficient diet the condition of xerophthalmia, which is characterized by a pate y 
thickening and drying of the epithelium of the eye, associated in its later stages 
with subacute bacterial infection of the underlying tissues. This condition a er 
proved to be due to lack of the fat-soluble Vitamin A. It was found in ot er 
animals, such as the dog (Steenbock et al. 1921) and rabbit (Boock and 
1922), and occurred in Danish children during the 1914-18 war (Bloch 192 , - /• 

The bacterial infections are not limited to the eye. Bloch noted that thp xero P ^ 
thalmic children were unable to withstand infections of any sort, and die 9 UIC ^ 
of serious mtercurrent fever. The most important killing disease was ,r0I1< \ 
pneumonia. Blcgvad (1923) recorded the following incidence of serious e x - 
plicating infections among the cases of xerophthalmia broncho-pncumoin » 
bronchitis 45. pyuria 42, otitis media 30. These clinical observations are m 
accord with the results obtained m dietary experiments on animals 

The liability of rats fed on a diet deficient in Vitamin A to . eve op 
rent infections, such as glandular abscesses, suppurative arthritis, S!! PP 
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tion is, of course, always available. It is carried out by the addition of hypo- 
chlorite when the installation of liquid chlorine apparatus is not desirable, as^ for 
example, in the treatment of a contaminated cistern. 

At times the treatment of water becomes an individual matter, as in the case 
of an army in the field or when a public supply is known to be impure. In the 
first instance the water may be treated by the addition of hypochlorite in the 
form of bleaching powder or a solution of sodium hypochlorite, or by the 
addition of a small amount of iodine, one part of Lugol’s iodine solution to 
1000 parts of water. In the home, filters, such as the Berkcfeld or Chamber- 
land bougies, may be used, but filtration is slow and care in operation and 
frequent cleaning are necessary. The simplest and best method of water treat- 
ment for the family or individual, however, is simple boiling. Boiling for five 
minutes is quite sufficient to destroy with certainty the typhoid bacillus and 
allied forms as well as the cholera vibrio. When water-borne disease is prev- 
alent, or when a water supply is notoriously impure or exposed to chance of 
infection, boiling is the only wholly safe procedure. 

SEWACE 

Sewage is best regarded as the used water supply of a community and as 
such is a dilute solution of fecal matter and other wastes. From the hygienic 
point of view it is an important vehicle in the transmission of enteric infec- 
tion, hence the manner of its disposal is of considerable significance. The 
mechanisms of sewage disposal have as their objects first, the ridding of a 
community of an ever-present volume of waste and second, disposal in such a 
manner that it is not dangerous to other communities. 

The complex organic compounds present in sewage undergo the same proc- 
esses of decomposition that are involved in the breakdown of dead organic 
matter in nature and are a part of the so-called cycles of elements such as 
nitrogen, phosphorus and the like. Any type of sewage treatment, then, is 
nothing more than a mechanism for bringing about or accelerating these trans- 
formations. The organic compounds are first broken down to amino acids, 
monosaccharides and the like, which arc eventually oxidized completely to 
carbon dioxide and water in the case of carbon and hydrogen, and to nitrite 
and nitrate m the case of nitrogen Bacteria are the active agents in t is 
decomposition and oxidation, the mechanisms of which have been discusse 
earlier (Chapter 4). Although essentially simple in principle, sewage treat 
ment is in practice a complex problem which cannot be considered at Jengt 

In general, however, sewage disposal falls into one of three categories. 60 
dilution, (b) partial treatment and (c) complete treatment. In the rst in^ 
stance the sewage is simply dumped into some body of water where it vvi no 
annoy its originators. Here the breakdown and oxidation of the constituen 
of the sewage occur in nature, and, if sufficient time elapses, no trace rei ™” 
beyond an increase in nitrate which, in turn, serves as food materia or p y 
plankton. When this transformation takes place in a flowing stream, t e p 
nomenon is known as the self-ptirifcation of streams. The essentia e ’ 
however, is not the fact that the water is in movement but that su 

24 See Imhoff and Fair. Sewage Treatment. John Wiley & Sons, New Yor 
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rats suffered from spontaneously acquired infection, which may itself have affected the 
phagocytic index. The significance of lysozyme in defence against infection is not clear 
(see Chapter 45), but it may be noted that in deficient rabbits Sullivan and Manville (1937) 
found a retention of lysozyme in the intestinal tissues, and a diminution in the raucous 
secretions. 

Observations have been recorded suggesting that the deprivation of Vitamin A renders 
animals more susceptible to the injection of bacterial toxins, as well as to the invasive 
action of living bacterial cells (Werkman, Baldwin and Nelson 1924, Schubert 1928). 
Torrance (1936), however, in a careful study of the Vitamin A content of the liver in 
guinea-pigs, found no association between vitamin level and susceptibility to diphtheria 
or tetanus toxin (see also Chalier and Jeune 1938). 

It is possible that the whole effect of Vitamin A deficiency is indirect. Kligler, Guggen- 
heim and Henig (1945) found, in accordance with a number of other observers, that resist- 
ance of rats and mice to infection— in their case with Salm. typhi-murium — was not 
significantly lowered by a partial Vitamin A deficiency, but only by a complete avita- 
minosis. Avitaminosis was, however, invariably associated with declining weight in the 
experimental animals. In other words, the decline in resistance appeared to bo due 
to starvation, a conjecture supported by tho fact that rats whoso food intake was restricted 
to tho same amount as that eaten by avitaminotic rats but whose Vitamin A intake was 
normal, were as susceptible as the avitaminotic animals to the salmonella infection. 

We have been concerned so far with Vitamin A deficiency, which appears to 
be moderately disadvantageous to the animal. There is little evidence, either 
experimental or from the field, to determine whether excess of tbe vitamin is 
beneficial. 

In mice orally infected with Salm. typhi-murium , Pritchett (1927) observed that with- 
drawal of buttcr-fat, as a source of Vitamin A, from the McCollum diet (p. 1367) containing 
wheat flour, casein, milk powder and salts decreased resistance ; and its addition to a diet 
of bread soaked in milk, with supplements of oatmeal and buckwheat, increased the 
resistance. 

But with contact infections during an experimental Salm. typhi-murium epidemic in 
mice, Topley, Greenwood and Wilson (1931) found that the addition of excess Vitamin A 
in the form of butter-fat, or a vitamin concentrate, or as provitamin A in carrots, to a basal 
diet of wheat flour, casein, butter and a salt mixture, slightly increased susceptibility, 
whereas these supplements did not affect the mortality of intraperitoneally infected mice. 

These experiments have a bearing on the effect of an excess of Vitamin A over the 
amount required to maintain growth and well-being ; but it would be unwise to lay muc 
stress on their significance, since the diets employed varied in many ways besides their 
differences in Vitamin A content. We may conclude that no adequate experiments 
evidence has yet been produced to show’ that an excess of Vitamin A over the level require 
to prevent all overt signs of avitaminosis induces an increased resistance to bacteria 
infection. 

Little evidence is available with regard to the effect of increasing the amount 
of Vitamin A supplied to human subjects. Antibody formation has not rceeu e ^ 
much attention. Scaglione (1938) concluded from a study of rabbits and youn 0 
children that Vitamin A improved the agglutinin response to T.A.B. '® ccl ” e ® ’ 
and Schmeckebier (1943) reported an increase of diphtheria antitoxin m the wo 
of women given Vitamins A and D. As regards resistance to infection i se , 
bacterial complications of child-birth afford opportunities for sue a ria , a^ 
of particular interest because of the obvious possibility that pregnancy ma J 
a large call on the vitamin reserves Mellanby, Green and their col eagnes 
el ah 1931) recorded a trial in which 275 women received a Vitamm-A concern . 
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elapses for the breakdown and oxidations to proceed to completion. Soil pol- 
luted with sewage similarly “purifies itself.’’ 

With increasing population densities the disposal of sewage by dilution 
becomes unsatisfactory because a body of water is not infrequently a water 
supply to a neighboring community. Some form of treatment, then, becomes 
obligatory, in other words, the decomposition is made to take place in whole 
or in part in the various tjnks and other devices making up a sewage treatment 
plant rather than allowing it to occur in natural bodies of water. In practice, 
treatment takes the form of preparatory processes followed by a period of an- 
aerobic digestion, then a period of aerobic oxidation. Treatment may be com- 
plete even through nitrification, or the partially treated sewage may be disposed 
of by dilution. 

When the disposal of fecal material is an individual or family problem the 
mechanics involved are somewhat different, but the processes of decomposition 
and oxidation are essentially the same whether a privy, cesspool or septic 
tank is used 

It will be noted that, although sewage treatment is basically a bacteriological 
process, the pathogenic bacteria are not involved; their presence is not taken 
into consideration, nor is there any effort to destroy them except in the rare 
instances in which the efiluent from a complete treatment plant is chlorinated. 
In one sense, then, sewage treatment is not directed toward the control of 
water-borne disease The fact that it is treated, however, is of considerable sig- 
nificance in this connection. When sewage is disposed of by dilution, the 
typhoid bacillus and related microorganisms do not multiply; rather, a decline 
in numbers sets in immediately, and these bacteria do not sun he as long in 
water as in soil, probably not more than a few days or a week. It is probable 
that they tend to disappear equally rapidly during sewage treatment, although 


economic and esthetic aspects of sewage treatment arc, of course, another 
matter. 
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Vitamin 0 (ascorbic acid). Jn the earlier records there arc suggestions that 
B-avitaminosib is associated with a minor increase in susceptibility to infection, 
but the evidence is of very doubtful significance (see Workman J923#, b, Wedenan 
Baldwin and Nelson 1924, Lassen 1929, 1931, 1932, Robertson 1934). 

The effect of a prolonged suboptimal intake of the vitamin B complex was studied 
in rats by Drummond and others (1938). The deficient rats had feebler reproductive 
powers, were shorter-Iived, and post mo-iem showed a significantly higher incidence of 
gastro-intestinal lesions than those in a control group on a full diet. Nevertheless , they 
Buffered from no epidemics, and the incidence of bronchiectasis, the only infective disease 
to which the rats were prone, and of sporadic pneumonia and abscesses, was the same 
in deficient and control groups. Rose and Rose (1936) compared the course of artificial 
Staph, aureus bacteraemia in 8 normal and 8 Bj-deficient dogs. The deficient dogs lest 
weight more rapidly, and suffered a more prolonged bactcrmmiu, but there was no significant 
difference in the recovery rates in the two groups. They found no depression of resistance 
to Cl. i celchii toxin in deficient dogs (Rose, Rose and Kolmer 1936). Janota and Dack 
(1939) record that the anaemia, leucopmnia, gingivitis, cedema and diarrhoea which follow' 
B 4 deficiency in monkeys is associated with the spontaneous appearance of Sh. fiexneri 
in the stools. Rats fed on B- deficient (Lamb 1935) or thiamin-deficient diets (Badger, 
Jfasunaga and Wolf 1940) exhibit a decreased resistance to rat leprosy. Wooley and 
Sehrell (1042) maintained mico on thiamin- and riboflavin-deficient diets for 2-3 weeks, 
and found a diminished resistance to intranasal infection with Type I pneumococci. 
Day and McCJung (1945) observed a slight diminution of resistance to intraperitoneal 
infection with pneumococci in pantothenate-deficient mice, but not in similarly treated 
rats. Robinson and Siegel (1944), using comparatively small numbers of animals, studied 
the effect of restr.ctcd B vitamin intake on rats injected intratracheaiiy with a mixture of 
mucin and Type I pneumococci. Compared with rats on a defined “ synthetic ” diet 
containing adequate amounts of known B vitamins, neither riboflavin- nor pantothenic 
acid-deficient rats were less resistant ; thiamin deficiency, and to a less significant degree, 
pyridoxine deficiency, lowered the resistance. Rats on a “ normal ” stock diet, it should 
be noted, were as susceptible as thiamin-deficient rats. 

Guggenheim and Buechler (1946) found in mice a decreased resistance to oral infections 
by Salm. typhi-murium that was attributable to thiamin deficiency. In their thiamin- 
deficient rats, however, the decrease they observed was due to the accompanying inanition 
due to poor caloric intake. Inanition, rather than vitamin deficiency, appeared also to 
lie the cause of increased susceptibility to relapsing fever spirochetes in thiamin-deficient 
:■ .... - *-. f 0 n the otlfct 

1946). Folic 

acid deficiency in monkeys, carried to the point where the anunais weits uiicopamic, was 
reported greatly to decrease resistance to infection with influenza virus and wit i s cep o 
cocci initiated by the nasal route (Saslaw et ah 1946). 

The severity of rickettsial infections of the rat and the guinea-pig are increase o 
starvation diet (Zinsser et al. 1931.) Vitamin-A deficiency docs not depress the resist a 
of the rat to murine typhus, but riboflavin deficiency does so strikingly *, an re P** 
the deficiency, even in the late stages of a fatal infection, is curative (Pinkerton an e 

m9 . 1 . .... „ ..... .nJMew.os i„ rats, Patrick (IMS) found ttat °n'j 


found no diminution of resistance to injection -with hcr r cs uirusin ,2 n «Uow 

rata. Kuczviiski (1937) increased the survival rate of normal mice inje 

frver virus from about 20 per cent, to about 75 per cent, by increasing ® “ 7 gll0wn ’ 

r t is doubtful whether these effects are specific. For example, Sabm (lU ) 

that though thiamin or B.complex deficiency delays the normal acquisv ion y 
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tion is, of course, always available. It is carried out by the addition of hypo- 
chlorite when the installation of liquid chlorine apparatus is not desirable, as, for 
example, in the treatment of a contaminated cistern. 

At times the treatment of water becomes an individual matter, as in the case 
of an army in the field or when a public supply is known to be impure. In the 
first instance the water may be treated by the addition of hypochlorite in the 
form of bleaching powder or a solution of sodium hypochlorite, or by the 
addition of a small amount of iodine, one part of Lugol’s iodine solution to 
1000 parts of water. In the home, filters, such as the Berkefeld or Chamber- 
land bougies, may be used, but filtration is slow and care in operation and 
frequent cleaning are necessary. The simplest and best method of water treat- 
ment for the family or individual, however, is simple boiling. Boiling for five 
minutes is quite sufficient to destroy with certainty the typhoid bacillus and 
allied forms as well as the cholera vibrio. When water-borne disease is prev- 
alent, or when a water supply is notoriously impure or exposed to chance of 
infection, boiling is the only wholly safe procedure. 

SEWAGE 

Sewage is best regarded as the used water supply of a community and as 
such is a dilute solution of fecal matter and other wastes. From the hygienic 
point of view it is an important vehicle in the transmission of enteric infec- 
tion; hence the manner of its disposal is of considerable significance. The 
mechanisms of sewage disposal have as their objects first, the ridding of a 
community of an ever-present volume of waste and second, disposal in such a 
manner that it is not dangerous to other communities. 

The complex organic compounds present in sewage undergo the same proc- 
esses of decomposition that are involved in the breakdown of dead organic 
matter in nature and are a part of the so-called cycles of elements such as 
nitrogen, phosphorus and the like. Any type of sewage treatment, then, is 
nothing more than a mechanism for bringing about or accelerating these trans 
formations. The organic compounds are first broken down to amino acids, 
monosaccharides and the like, which are eventually oxidized completely to 
carbon dioxide and water in the case of carbon and hydrogen, and to nitrite 
and nitrate in the case of nitrogen. Bacteria are the active agents in t is 
decomposition and oxidation, the mechanisms of which have been tliscussc 
earlier (Chapter 4), Although essentially simple in principle, sewage trea 
ment is in practice a complex problem which cannot be considered at lengt 1 
here. 24 . , > 

In general, however, sewage disposal falls into one of three categories, k 
dilution, (b) partial treatment and (c) complete treatment. In the hrst m 
stance the sewage is simply dumped into some body of water where it wi n 
annoy its originators. Here the breakdown and oxidation of the consume ^ 
of the sewage occur in nature, and, if sufficient time elapses, no trace rei ? ai 
beyond an increase in nitrate which, in turn, serves as food material or p > 
plankton. When this transformation takes place in a flowing stream, t e p 
nomenon is known as the self-purification of streams. The essentia c cm » 
however, is not the fact that the water is in movement but that su ,cicn 
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receiving adeqtiato Vitamin C and of those on a vitamin-deficient diet. Vcd (1937) 
reported that Vitamin C prevented the development of postoperative pneumonia, and 
that it hastened tho convalescence of pneumonic patients (see also Scnnewald 1938, 
Szirmat 1940). Beneficial results have been claimed also in tho treatment of whooping 
cough (Ormerod and Unkauf 1937), though Gairdner (1938) in a carefully controlled test 
found no difference between untreated and vitamin-treated children. Bamberger and 
Zell (1930), Dicckhoff and Schuler (1038) and Szirmai (1010) also claimed beneficial results 
in diphtheria. In most cases, however, tlfo number of uncontrolled factors in these tests 
was large, and conclusions as to the specific action of Ike vitamin must be drawn with 
circumspection. 

Glazcbrook nnd Thomson (1942) provided one of the most clear-cut indications of a 
specific Vitamin C effect. They studied two groups of boys, one deficient in, the other 
saturated with. Vitamin C< They could find no difference in tho incidence of common 
colds or tonsillitis in the two groups, but noted that deficient patients with tonsillitis 
stayed in hospital 1G 7 days on the average, as against 10 0 days for the saturated patients. 
During tho period of observation there were 17 eases of pneumonia and 10 cases of acute 
rheumatic fever among 1,100 deficient boys, and none among 335 saturated. The associa- 
tion of infection w ith low vitamin levels in nnimnls or man is not in itself good evidence 
that the one is a direct result of the other, for in the infective state, especially when it 
is accompanied by fever, there is a decrease of tho vitamin in the tissues ; indeed, infection 
may precipitate scurvy in persons suffering from hypovitaminosis (see Abbasy el al. 1937a, b, 
Harris el al. 1037, Fox 1043). The point is well illustrated in the attempts of Rinehart 
and his colleagues to reproduce tho lesions of rheumatic fever in guinea-pigs. They found 
(1934) that infection of scorbutic guinea-p gs with liremolytic streptococci resulted in certain 
cardiac lesions which did not appear in scorbutic animals, or in normal animals infected 
with the streptococci. Moreover, in patients with rheumntio fever, the vitamin levels 
were unusually low (1930). MeBroom and his colleagues (1937), on the other hand, 
observed the lesions in uninfected scorbutic guinea-pigs, provided that the scurvy was 
severe enough, and suggested that Rinehart’s lesions were due to severe scurvy, pre- 
cipitated in a non-specific manner by the superndded infection. 

As regards spontaneous infections in guinea-pigs suffering from experimental scurvy, 
Hamburger and Goldschmidt (1922-23), Grant (1920, 1930) and SekmidMVeytond and 
irMi-ca. ntjiff, thev are very common. On the other band, Holst and Frolich 


as relevant evidence, though we clearly cannot assume tuat v,-ihuuuih*—i ■ 
determining factor. . 

As regards tho resistance of scorbutic guinea-pigs to experimental infection, Fmd ay 
(1923), Workman, Nelson and Fulmer (1924), Grant (192G) and Schmidt-Weyland and 
Koltzsch (1927) recorded a slight increase in susceptibility. Findlay ascribed tbs to the 
degenerative changes and feeble (eucoblastic reaction Been in the bone-marrow of guinea-pigs 
suffering from chronic scurvy. Werkman, Nelson and Fulmer stressed the association 
between lowered resistance and lowered body temperature. 

Tho observations of Zinsser and Castaneda (1931) on tho increased susceptibility oi 
guinea-pigs and rats on a vitamin-deficient diet to experimental typhus infection may oe 
referred to here. It is probable that the guinea-pigs were suffering from some degree 
C-avitaminosis ; but the fact that rats, which are generally regarded as being relative^ 
insensitive to the deprivation of this vitamin, showed the same decrease m re 
makes it difficult to assess the significance of these results. . , , 

McCullough (1938) recorded an increased susceptibility to infection by F. ne P 
in deficient guinea-pigs, which only became evident w’ken the scurvy was severe , ^ 
administration of Vitamin C was followed by prompt recovery. In man, major . 

is associated with a retardation of fibroblastic activity and of woun ea ing (se 
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elapses for the breakdown and oxidations to proceed to completion. Soil pol- 
luted with sewage similarly “purifies itself.” 

With increasing population densities the disposal of sewage by dilution 
becomes unsatisfactory because a body of water is not infrequently a water 
supply to a neighboring community. Some form of treatment, then, becomes 
obligatory, in other words, the decomposition is made to take place in whole 
' ’ 1 ' • 1 ’ ’ " a sewage treatment 

water. In practice, 
t , • by a period of an- 

aerobic digestion, then a period of aerobic oxidation. Treatment may be com- 
plete even through nitrification, or the partially treated sewage may be disposed 
of by dilution. 

When the disposal of fecal material is an individual or family problem the 
mechanics involved are somewhat different, but the processes of decomposition 
and oxidation arc essentially the same whether a privy, cesspool or septic 
tank is used. 

It will be noted that, although sewage treatment is basically a bacteriological 
process, the pathogenic bacteria are not involved; their presence is not taken 
into consideration, nor is there any effort to destroy them except in the rare 
instances in which the efiluent from a complete treatment plant is chlorinated. 
In one sense, then, sewage treatment is not directed toward the controt of 
water-borne disease The fact that it is treated, however, is of considerable sig- 
nificance in this connection When sewage is disposed of by dilution, the 
typhoid bacillus and related microorganisms do not multiply; rather, a decline 
in numbers sets in immediately, and these bacteria do not survive as long in 
water as in soil, probably not more than a few days or a week. It is probable 
that they tend to disappear equally rapidly during sewage treatment, although 
there is no assurance that pathogens are absent in the efiluent from treatment 
plants. Clearly then, fresh pollution is more dangerous than past pollution, 
and, in a sense, treatment nbuates the possibility of such fresh pollution. The 
economic and esthetic aspects of sewage treatment arc, of course, another 
matter. 
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pantothenate and pyridoxine, but not riboflavin (Axelrod et al 1947) ; thiamin and biotin 
(Carter and Axelrod 1948) ; pyridoxine (Agnew and Cook 1949) ; pyridoxine, but not 
pantothenate or riboflavin (Stoerk et al. 1947) ; pantothenate (Ludovici et al. 1949) ; folic 
acid and tryptophan and nicotinic acid but not cyanocobalomin (Ludovici and Axelrod 
1951) ; pyridoxine, pantothenate, thiamin, riboflavin, folic acid, but not nicotinic acid 
(Wertman et al. 1951, 1952) ; pantothenate (Giunchi et al. 1953). The different experi- 
ments were not of course all strictly comparable ; but pyridoxine deficiency is consistently 
reported as impairing antibody production. Folic acid and biotin deficiencies and, with 
one exception, pantothenate deficiency are also definitely depressant. Riboflavin and 
thiamin deficiency have less well established effects. 

In the mouse, Ruchman (194G) found that lack of pyridoxine, but not of thiamin or 
riboflavin, was depressant ; and in the chick. Little, Olcson and Roesch (1950) that folic 
acid, but not cyanocobalomin, decreased immunizability. 

The evidence with regard to the immunological consequences either of excess or de- 
ficiency of Vitamin C is more confusing. 

Lesn6 and Dreyfus (1911) and Zolog (1924) contended that in guinea-pigs deficiency was 
associated with diminished sensitivity to anaphylactic Bhock. Cohen (1938) was unable 
to confirm these findings (see also Sartori 1925, v. Nickerk 1937). Several observers report 
a prophylactic effect of excess Vitamin C in guinea-pigs, both in the whole animal, and 
in isolated sensitized tissues (Lemke 1936, Solomonica 1936, Ungar, Parrot and Levillain 
1937). Hochwald and Schwartz (1937), Raffel and Madison (1938) and Storck (1939) 
were unable to confirm these findings, and Dragstedt (Dragstedt et al. 1938) failed to find 
any effect of Vitamin C on hypersensitive dogs. Similarly with antibody formation ; 
Jusatz (19366) and Madison and Manwaring (1937) recorded enhancement of precipitin 
response in rabbits, and Raffel and Madison (1938) in guinea-pigs given excess Vitamin C. 
Hochwald and Schwartz (1937) found no enhancement in guinea-pigs immunized with 
horse serum, and Madison, Fish and Frick (1938) no effect on the response to bacterial 
antigens. Long (1950), however, recorded a 30-fold depression of diphtheria antitoxin 
response during the immunization of guinea-pigs on a diet deficient in ascorbic acid, com- 
pared with control animals given either an ascorbic acid or a cabbage supplement. Cabbage 
supplements were also found by Hartley (1948) to improve antitoxin response in the guinea- 
pig in proportion to the amount given. The active factor in the cabbage is unknown. 
(For a discussion of the relation between Vitamin C and serum complement, see 
Chapter 7.) 

If we attempt to assess the significance of the data at present available with 
regard to the influence of variations in vitamin intake on resistance to infection, 
we shall conclude (1) that an excess of any vitamin over the normal dietary require- 
ments has no consistently demonstrable effect on resistance ; and (2) that certain 
gross vitamin deficiencies are associated with a significant decrease in resistance. 

In some cases the effect is indirect, in that the deficiency has impaired the in a 'e 
of protein and calorie, so that general inanition, not a particular deficiency, is 
immediate cause of lowered resistance. When inanition is as far as possi 
excluded, it appears that deficiency of Vitamin A, but not of Vitamin D, ecrca 
resistance to some extent As regards the water-soluble vitamins, resis ance 
bacterial and rickettsial infections appears to be lower in riboflavin, pan 0 
and folic acid deficiencies. Resistance to certain neurotropic viruses is inc ^ ^ 
by thiamin and pantothenate deficiencies. Lack of other B vitamins a t 
ascorbic acid may also decrease resistance, but the evidence is more 
The resistance of the guinea-pig is most readily affected by ascorbic acic e ’ 
as might be expected of an animal that does not itself synthesize us 

It is clear that we cannot generalize for infectious as a whole , eac i 
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THE BACTERIOLOGY OF MILK AND FOOD 


MILK 1 

As a vector of infectious disease, milk differs from water in that it is an excel- 
lent medium for the growth of many pathogenic bacteria, and from other foods 
in that it is the only food of animal origin that is consumed in large part in 
the raw state. Since large quantities of milk are consumed— it is estimated that 
about 16 per cent of the average dietary in the United States consists of milk and 
milk products—the importance of this substance in the transmission of diseaseis 
evident. The diseases transmitted by milk are: first, diseases of cattle trans- 
missible to man and including bovine tuberculosis, undulant fever, foot-and- 
mouth disease and streptococcal infections from infected udders; and, second, 
diseases of man in which the milk serves as the link between man and man, 
such as typhoid fever, septic sore throat, scarlet fever, diphtheria and, rarely, 
certain other diseases, such as poliomyelitis. 

Sources of Bacteria in Milk. Unlike water, milk has no native bac- 
terial flora, and it is probable that milk as secreted into the udder of a healthy 
cow is sterile. The milk in the udder is, however, rarely if ever bacteriologically 
sterile, for the microorganisms invade the udder via the milk ducts of the teats 
and the first portion of the milk drawn (fore-milk) always contains more bac- 
teria than the last (strippings). There is, furthermore, no bacterial flora that is 
characteristic of milk; the presence of microorganisms js always a consequence 
of contamination and the types of bacteria found are determined by the source 
of contamination. From this point of view the bacteria of milk fall into two 
groups: first, those which are present in the tissues of an infected cow an 
find their way into the udder, and, second, those which enter the milk, usua ) 
after it is drawn, from sources external to the animal. , 

Bacteria from Infected Cattle. Of these microorganisms perhaps 
most important is the tubercle bacillus. These bacteria get into the mi ^ 
rectly as a consequence of tuberculosis of the udder, which occurs in 0 
per cent of infected cows, and indirectly by contamination with cow manu^ 
when the infectious sputum is swallowed and discharged with the ec f*‘ . 
either case the/ milk is infective for man, the bovine variety of th e _ 
bacillus giving rise, as a rule, to bone and joint rather than pulmonary u 
culosis (p- 631). Milk may, of course, be infected with human tu ere e 
from infected persons. A high proportion of the former typeor infection ^ 
when the transmission of this disease is allowed to occur. The disease m 
controlled at its source, i.e., by the elimination of infected catt e rom 
herds, a practice which is practically universal in the United States. 

1 Hammer: Dairy Bacteriology. 3rd ed. John Wiley and Sons, New lor • 1 
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Tlirco to six days after an intracerebral dose of virus the animal, acre exercised to the 
jaunt of fatigue by aw.mmmg ,n aatcr a, 30” C. ; tl,e incidence of the disease and he 
seventy of paralysis Mere higher in these than in control animals, but immersion ' 
the stater t, 111, out exercise had a aimilar effect. That the chilling incidental to ta" “ton 
may have been operative was evident from the result of cooling the animals some II- 2« 0 
by immersion for 30 m,„. at 17” C ; the incidence of the disease was thereby doubled 
More dn-e ct effects of fatigue are demonstrable . f or example, nosenbaun. and Harford 
( 10o3) ra se.1 the incidence of disease uml the dentil rate In mice that » ere made to exercise 
for one day preceding, and on each day after an intracerebral injection of poliomyelitis 


The Effect o! Variations in Temperature, Humidity and Other Physical Conditions 
of the Environment 

The evidence available under this head is concerned inanity witJ, the -effect 
of these environmental factors on the first-line defence mechanisms of the kind 
considered in Chapter -15. Arnold and his colleagues (Arnold 19276, 1928, 1929, 
Arnold and lirody 1927) studied in considerable detail the effect ofhtyh temperature,’ 
especially when associated with high humidity, on the gnstro-duodcnal bactericidal 
mechanism of the dog. They found that such conditions were associated with 
a decrease in gastric secretion, a consequent fall in the acidity of the gastric and 
duodenal contents, and an increased passage of bacteria from the stomach or 
duodenum to the civcum. 


There are in the literature many other records of experiments on the effect of tempera- 
ture and humidity on resistance to infection (see McDowell 1923, Kliglerand Ohtzki 1931, 
Jlobertson and Weld 1932, Nishikawn 1935), but the number of animals in the com- 
parable groups are so small, and the effects of these two factors seem so difficult to dis- 
entangle, that the significance of many of the results reported cannot be assessed. 

SulUin <1046) emphasizes the contradictory results obtained in many experiments, 
even with the same species of animal ntul the same sjiecies of parasite. The general 
indication, however, w ith a number of types of infection, is that exposure to low tempera- 
tures, if it has any effect, decreases the nnimnl's resistance, lint the effects are often 
peculiar to the conditions of the experiment. Chilling may directly affect the multiplica- 
tion of the parasite, or the defence mechanisms ; but it may also mlubit the development 
of symptoms of the disease without materially affecting the degree of parasitism. »Ve 
may note a few examples. 

In the chick embryo, Beveridge (1914) reported that infections with influenza virus 
by the cbono-nllantoic route w ere less effective in cgg3 at 39° C. than at 37® C., but the 
change in temperature did not alter mfectivity twi the yolk sac or amnion. Siim (1949) 
recorded a lowered resistance to and greater generalization of infection by vaccinia virus 
at subnormal incubation temperatures, tlie effects of which could to some extent be reversed 
by restoring the eggs to optimal temperatures, and Kligmnn, Crane and Morris (1951a) 
reported that cryptocoeeal infections of the embryo disappeared more rapidly at 40 C. 


than at 37° C. . 

With influenza virus infection of mice induced intranasally, Sulkm (1945) observe 
no difference in the mortality of animals kept at 13° C. and 25° C., though the pulmonarj 
lesions were less at the higher temperature. Holtman (1946a) acclimatized mice to em 
peratures of 13® C., 22 0 C and 32° C., both before and after infection with poliomyelitis virus, 
and found a direct relation between the survival timo and environmental tempera u e, 
as though the higher metabolic rate m the wanner animals had facilitated mfectiw 
the virus. Wills and Schmidt (1942) found that mice acclimatized at about-0 U suiv 
a lethal dose of pneumococci for twice as long as mice acclimatized to 3- , 1 .. . 

mice had the same body temperature. Nevertheless, according to Jungc ana t s 
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A bovine variety of Brucella vtelttensis, the causative agent of undulant 
fever (Chapter 23), infects cattle, producing the disease contagious abortion 
(the bacterium is sometimes designated Brucella abortus'). This microorganism 
is excreted in the milk and infects man, producing a mild type of undulant 
fever. The caprine variety of this bacterium which is present in the milk of 
infected goats produces a much more severe disease in man. Undulant fever, 
like tuberculosis, may be controlled by control of the disease in the animal 
reservoir of infection. 

The virus of foot-and-mouth disease, a virus disease of cattle, is excreted 
in the milk and is thus transmitted to man. The disease in man is mild, how- 
ever, and not of great public health importance. More important are the strepto- 
coccus infections of the udder, designated garget or mastitis. The Hotis test 
is commonly used for the detection of mastitis; it consists of incubating fresh 
milk m the presence of 0.025 per cent bromcresol purple for twenty-four 
hours at 37° C. A positive reaction, the formation of yellow flakes on the side 
of the test tube, is dependent upon the presence of the streptococci and of 
agglutinins in the milk, the growing bacteria are clumped by the antibody and 
the acid reaction results from the fermentation of lactose. The indeterminacy 
of streptococcus species, coupled with the fact that the same type of strepto- 
coccus may produce more than one disease (p. 367), makes it difficult to 
evaluate the significance of streptococcus mastitis to milk-borne disease. Milk- 
borne epidemics of septic sore throat, however, are not infrequently associated 
with acute udder inflammation in the dairy herd and the massive and con- 
tinuous infection occurring in some of the outbreaks indicates that the udders 
of the cattle were infected It has been suggested that the streptococci of scarlet 
fever may proliferate, with or without symptoms, in the udder, and epidemics 
of human streptococcal infection, septic sore throat and scarlet fever, may 
occur, 2 though it is probable that m most instances milk-borne scarlet fever 
is a consequence of direct human contamination. It may be noted that the 
udder may he infected occasionally with diphtheria bacilli, which produce 
small external ulcers, but this is an uncommon occurrence. 

Hnclcrin from External Sources. When milk is collected under ordi- 
nary conditions, the udder bacteria form hut an insignificant fraction of the 
total number of microorganisms in the milk. The skin of the cow, the hands of 
the milker, the vessels used for collection, and the dust of the cow barn all con- 
tribute their quota to the number of bacteria found immcdiatclv after milking. 
If milk is obtained with aseptic precautions, it contains only a few hundred 
(200 to 400) bacteria per milliliter; collected with somewhat less care, it may 
contain a few thousand (2000 to 6000); with careless manipulation, even 
frcshlv drawn milk may !>c highly contaminated (30.000 to 100,000 per milli- 
liter) If milk is kept at 0° C. (32° F.), it shows a decrease in the bacterial 
content during the first few hours, hut at higher temperatures the rate of mul- 
tiplication is high and. when richly seeded at the outset, enormous numbers of 
bictena result. 

T he wm-patliogciiic bacteria that arc present in milk arc often differentiated 
on a physiological hisis into the following groups: 

( I ) the acid fnmv'ng bacteria. 

* Evans. Jour. Inf. Dit., 1946. 7S IS. 
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non-infective doses of pneumococci would infect the lungs of rats when introduced together 
with mucin ; and that though chilling by itself did not lower the resistance of rats to 
Ultra peritoneal pneumococci, it greatly increased the incidence of pneumonia in rats 
inoculated intranasally with mixtures of pneumococci .and mucin. They concluded that 
chilling, by mantling the aspiration of mucous secretions from the upper respiratory 
tract, might favour the occurrence of pneumonia 

Though they are not concerned with tho direct effect of cold, ho may note the experi- 
ments of Locke (1037) who observed that the more rapidly rabbits recovered their body 
temperature after artificial chilling, the greater was their resistance to subsequent intra- 
venous and intradermal infection with pneumococci. Hero the chiJJmg « as employed as an 
independent test of the physiological response of the animals to an adverse environment. 
Duerschncr, Muschenheim and their colleagues (Hardy el at. 1943, Duerschner dal 1943, 
Mvschenhoim el ah 2W3) reported upon the effect of severe chilling in experimental tuber- 
culosis and in pneumococcal infections. Rabbits and guinea-pigs were held under anes- 
thesia for 6 to 24 hours at 4-8° C. twice weekly for several weeks. Tho treatment had 
no effect on the development of tuberculosis in guinea-pigs, though there was a long delay 
in the appearance of skin sensitivity to tuberculin. The response of chilled and normal 
rabbits to an imradcrnml lethal dose of virulent pneumococci was similar, except that the 
local lesions were smaller in the chilled animals. When less virulent pneumococci were 
injected, chilling resulted in inhibition of the local lesion, and a fatal bactcrmuda. The 
rapid invasion of the blood stream did not appear to be solely due to the absence of a local 
response, for m other experiments chilling was found to reduce the minimal lethal dose 
even of intravenously injected pneumococci (see also Bnineau and Heinbecker 1944). 

Ellingson and Clark (1942) reported a series of experiments to test the response of 
various defence mechanisms to temperatures greater than normal. In rabbits the artificial 
induction of a severe fever (41-5° C.) slightly reduced the antibody response during im- 
munization with various antigens. It also produced a slight acceleration of the rate of 
disappearance, and presumably, of destruction of antibodies in the blood stream. Phago- 
cytosis of Staph . aureus by human and guinea-pig leucocytes was only slightly depressed 
at 42° C ; and in rabbits injected lntradennally with lethal doses of virulent pneumococci, 
thp maintenance of artificial fever until the infection itself reached the febrile stage made 


no significant alteration in death rate, survival time, or degree of bactenemia. 

The temperature relations of in vitro phagocytosis were also investigated by Clark and 
his colleagues. With guinea-pig leucocytes, for example, both opsonization and phago- 
cytosis of staphylococci roso to a maximum with rise in temperature from below 37° C. 
to 42° C , and declined sharply with further rise. But in changing from 37° C. to 32 C. 
the efficiency of phagocytosis did not decrease by more than 1(1-15 per cent, (see Zarafoneh's, 
Harmon and Clark 1947). As regards the clearing mechanism of the rcticulo-endothebaj 
system, the clearance of carbon particles from the blood of rats is reported to be impair 
m rats kept at a body temperature of 22° C- to 26° C. (Halpcrn et al. 1951', 

Among other physical agencies mention may be made of the possible effect of 
ultraviolet, irradiation of the body surface, since this procedure has been advocated 
as a means of increasing resistance to infection. e have already noted (p. I 
that Colebrook, Eidenow and Hill (1924) demonstrated a temporary increase m 
the bactericidal power of the blood as the result of exposure to ultra \ io et raj., 
and a similar effect after exposure to dark heat, or to the blistering o ® ® 
with a mustard plaster. The general experience of the beneficial effec 0 
light as enjoyed under optimal natural conditions, combined with such oWervatioas 
as the above, made it natural to inquire whether any isolated constitue 
solar radiation, and particularly the rays of short wave-length, wou P ^ 
significant increase in resistance to infection. Some favourable vie • 
recorded (Maughan and Smiley 1928, 1929, HiU and Laurie 1931) ; but tbe b 
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(2) the alkali-forming bacteria, 

(3) the proteolytic bacteria and 

(4) the inert bacteria. 

The first group includes the fermentative bacteria, and the most common 
type of fermentation is the lactic acid fermentation, the process by which milk 
usually sours under natural conditions. A variety of bacteria may be re- 
sponsible, among them such familiar forms as Staphylococcus aureus, Strepto- 
coccus pyogenes and Bacterium colt. A few species, however, are commonly 
active in the natural souring of milk, and these may be divided into two groups. 
One of these is comprised of the capsulated gas-forming bacilli of the Bacterium 
(/nefis) aerogcncs type, which are closely related to Bact. colt, differing prin- 
cipally in their possession of capsules, lack of motility, and ability to produce 
gas from potato starch. The second type, a streptococcus, Streptococcus lacticus 
(or lactis), is abundant in naturally soured milk, particularly when the acidity 
is high. 

Lactic acid milks, regarded by some as having therapeutic value in the treat- 
ment of certain intestinal disorders, have been prepared by the inoculation of 
Lactobacillus species such as acidophilus and bttlgaricus. The lactobacilh, 
however, are commonly found in the fermentation of ensilage and are present 
m small numbers in the human mouth and intestinal tract and are not ordi- 
narily responsible for the natural souring of milk. 

Although lactic acid is commonly the predominating acid in the fermenta- 
tion of milk, the formation of butyric acid is observed occasionally. This is 
generally a consequence of the presence of the anaerobic butyric acid bacteria, 
but may be brought about through the agency of certain aerobes closely allied 
to Bacillus subtilts. 

The spontaneous alcoholic fermentation of milk is less usual under natural 
conditions than cither the lactic or the butyric, and the preparation of certain 
alcoholic beverages is dependent upon the artificial production of this form or 
milk fermentation Koumiss, a drink prepared by Tartars by the alcoholic 
fermentation of mare’s milk, and kefir, an effervescent sour milk prepared*)' 
inhabitants of the Caucasus from the milk of cows, goats and sheep, are bot 
prepared by the inoculation of fresh milk with old koumiss in the first instance 
and with “kefir granules” m the second. The bacteriology of the koumiss cr 
mentation is not well known, but in the case of kefir both a bacterium an a 
yeast appear to be involved. Some species of yeast, it may be noted, are a e 
to effect the alcoholic fermentation of milk in pure culture. 

The alkali-forming bacteria are those organisms which do not , 
lactose but, presumably, act upon the nitrogenous substances present wit t e 
liberation of ammonia. When typhoid and paratyphoid bacilli, for examp e, 
are cultivated in litmus milk no effect is apparent beyond a slowly increasing 
alkalinity. Certain other bacteria, such as some of the aerobic spore-forming 
types, also produce lipase and decompose the fats present, converting t e mi 
to a yellow, transparent fluid. , , 

The proteolytic bacteria also produce an alkaline reaction and, in a j ' 
hydrolysis of the milk proteins. Two enzymes, or groups 01 . C ? Z v n, J S ’ Ration 
sponsible, one, a rennin-like enzyme, precipitates the protein with the or 
of a soft curd, and a second, casease, brings about hvdrolvsis of t e p 
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to escape from tl,e view that they must have hceu due to synchronous transient Suctuations 
m the resistance of the mice, hut these fluctuations showed no definite seasonal distribution 


Even if the occurrence of seasonal variations in resistance were clearly estab- 
lished, it would be an exceedingly difficult task to disentangle the various factors 
involved ; and without such disentanglement there could bo little hope of intelligent 
interference. Tlic vitamin content of foodstuffs, and many other dietetic variables, 
are subject to seasonal influences ; the condition of the nasal mucosa and the 
efficiency of the gastro-duodenal bactericidal mechanism are, as we have seen, 
affected by changes in temperature and in humidity ; and there is little doubt 
that many other types of physiological response, of which as yet we know little or 
nothing from the immunological viewpoint, may be subject to influences of a 
similar kind. Until our knowledge of the relative significance of these factors, 
working in isolation, is much more accurate and detailed than it is at present we 
can hardly hope to construct a useful working chart of the total effect of the 
environmental changes associated with the changing seasons. (See Aycock ri 
al 191f)). 


The Effect of Certain Chemical Substances in Enhancing Bacterial Infection 

We may include in this chapter a brief survey of a scries of observations that 
have, during recent years, focussed attention on certain chemical substances that 
play a significant part in the local pathogenesis of infective lesions. Some are 
important because they play a part m the infective hazards of the human and 
animal environment, others because they throw light on the mechanisms of 
immunity. 

Calcium salts. — We may begin with the observations of Bullock (Gye) anil Cramer (1910) 
on the effect of calcium salts in certain anaerobic infections, and the later studies of Fildos 
(Elides 1927. 1929r<, b, Knight and Fildcs 1930, Campbell and Elides 1931) Bullock 
and Cramer found that ionizabh salts of calcium, inoculated together with the washed 
Spores of Cl. welchii, of Cl. telani or of certain other anaerobes, led to the development of 
the corresponding infections in their most typical and fatal forms, whereas the washed spores 
alone showed no tendency to develop in the tissues after inoculation. The chlorides of 
Sodium, potassium, ammonium, strontium or manganeso had no such effect. They were 
unable to determine the exact mechanism by which this effect, to which they gave the 
name kataphylaxis, was brought about ; though they were able to show that it was not due 
to an absence of leucocytes from the lesions, or to a lack of phagocytic activity on the part 
of the cells that collected at the site of inoculation. Fildes (1927), attacking the particular 
problem of experimental tetanus in the guinea-pig, studied the vegetation of spores in the 
normal testicle, after ligation of the blood vessels. Ho found that the injection of tetanus 
spores into tho ligated testicle was followed by a rapidly fatal toxxmia, indicating mpi 
vegetation in the tissues. Comparison of sections from ligated and unbgated testicles, a 
various intervals after tho injection of the spores, showed that active vegetation a 
occurred in the ligated «♦ ■> »~r,nd when emigration of leucocytes was at its earnest 

stage in the unligated ■ , 

could in any case have w* — 

' rut off from their blood supply, either by Ugauon oi 

imer had 


* .... • ■ dy of the 

tentatively rejected this view. Later (times • suitable 

oxidation-reduction potential of the tissue fluids under different condi ° t ous 

indicator dyes. He found that oxidized methylene blue injected into the subcutaneo 
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which, when complete, results in the con\ersion of the milk to a clear fluid, a 
process sometimes termed peptonization Peptonization, however, does not 
follow precipitation when the microorganism does not possess casease. The 
bacteria producing these changes include spore-forming aerobes such as Bacil- 
lus subtths, certain strains of staphylococci, Proteus ntlgaris and others. 
Proteolysis may occur in heated milk in which the non-spore-forming lactic fer- 
menters have been destroyed, leaving the more resistant sporc-formmg proteo- 
lytic forms 

The “Diseases" of Milk. A series of unusual or abnormal changes, sometimes 
called “diseases” of milk, arc produced by certain bacteria which occasionally 
find their way into milk. “Blue milk” (Brief. cyanogenes ), “red milk” ( Bact . 
prodigiosus, Bact. erythrogeucs, ct al.) and "yellow milk” (Bact. synxanthus ) 
are caused by the presence of various chromogenic bacteria “Bitter milk,” char- 
acterized by a bitterness that sometimes develops after a short interval, is like- 
wise due to the products of certain microorganisms. Milk sometimes suffers 
from a ropy or slimy fermentation which, under most circumstances, is re- 
garded as undesirable, although such a fermentation is intentionally produced 
in the manufacture of Edam cheese in I lolland through the action of a par- 
ticular species of streptococcus. 

The inert bacteria arc those which produce no visible change in milk. These 
include certain non-pigment-forming bacteria from water and other sources, 
and, in addition, most of the pathogenic bacteria that find their way into milk. 
Such dangerous contamination, then, is inapparent without bacteriological 
examination. 

The Pathogenic Bacteria from External Sources. The multiplicity 
of sources of contamination results in the heterogeneous bacterial flora that 
may be found in milk. It is important from the hygienic view that, in addition 
to microorganisms of soil and water, the bacteria carried by man have relatively 
ready access to milk. The opportunity for contamination with the bacteria of 
human disease is, then, ever present, not only when the milk is drawn but 
throughout its handling until it reaches the ultimate consumer. Contamination 
may take place directly, as in the case of scarlet fe\cr and other streptococci 
or diphtheria bacilli from the throat and typhoid bacilli from the hands of in- 
fected individuals, or it may be indirect, as when the water used to wash the 
milk cans is contaminated with tvphoid bacilli. In any case, the microorganisms 
do not simplv survive, as in water, but actively multiply and may be present 
in huge numbers in pooled milk of which but a single part was originally 
contaminated 

Clcarlv, then, the most important factors which govern the number of bac- 
teria which may lx* present in milk arc, first, the kind and degree of initial 
contamination and, second, the temperature at which the milk is kept. The 
production of hygicnicallv satisfactory milk, therefore, involves cleanliness in 
the first instance, and immediate cooling and storage at a low temperature in the 
second. Practical experience has more than adequate!) proved the significance 
of these points. 

Tin* Biirteriridal Property of IVei«li Milk. As indicated alxive. the 
mnnher of hutcria present in freshly drawn milk frequentlv shows an initial 
decrease, The extent of this dimtnutmn is, perhaps, exaggerated by plttc 
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dissolved in tho tissues, and only when dissolved doe, it exert its injurious action Sihea 
ami harmtef ° M<i ° ° f ‘ r ° n “ "°‘ di8S0, ' _c<I in «» li8S »a. end they remain meet 

The pathogenesis of the lung lesions of silicosis, and the association of this condition 
with tuberculosis, havo been studied in numerous experiments in which dusts have been 
brought in contact mth the lung tissue of guinea-pigs or rabbits, either by repeated or 
prolonged l inhalation, or by tho direct injection of a suspension of tho dust into tho trachea 
(Kettle 1930). 

An interesting experiment nas recorded by Gardner (1930). Guinea-pigs were infected, 
by inhalation, with a strain of tubcrclo bacillus of unusually low virulence, which normally 
produced in these animals a retrogressive typo of tuberculosis confined to the Jungs and 
bronchial glands. Tho infection u as practically never fatal. When animals so infected were 
exposed for 8 hours n day to quartz dust an entirely different picture was produced. After 
3 to 5 months tho bacilli in tho lungs began to proliferate actively. The infection spread to 
all parts of tho lungs and to tho abdominal viscera, producing large and progressive lesions. 
Tho bacilli had not become more virulent, since cultures isolated from tho dusted animals 
produced tho usual typo of retrogressive tuberculosis when administered to normal undusted 
guinea-pigs. Vorvnld and Defoliant (1938) recorded not only that tuberculosis in the guinea* 
pig and rat developed uith greater vigour in animals treated with silica, but that the 
immunizing effect of heat-killed tubcrclo bacilli was inhibited by the simultaneous injection 
of silica. 

It was generally assumed that tho silica, nnd the lesions it produced, sensitized tho 
tissues to tuberculous infection. The silica, that is to say, was regarded as the primary 
active agent. Kettle (1934) showed that this view needed considerable modification. 

Different groups of guinea-pigs were injected intratracheally with a suspension of silica 
alone, a susncnsion of avirulcnt tubercle bacilli alone, and a mixture of silica and avirulent 


bacilli alono produced relatively little tissuo reaction. lUo mixture ox nmw mm v j 
bacilli produced a characteristic nodular tubcrculo-silicosis, closely similar to the human 
dtscase. It would seem that the typical silicotic lesions aro induced not by silica acting 
on a normal lung but by tho joint action of silica and some bacterial infective agent ; and 
Kettle suggested that tho natural human disease should be known as infective silicosis. 

Histamine and Adrenaline. — Findlay (1928) tested the hypothesis that the localization 
of pathogenic bacteria, or of filtrable viruses, at the site of local tissue injury might 
bo the result of tho liberation of histamine, or of histamine-like substances, from the 
injured tissues, leading to a localized dilatation of tbo capillaries and an increased per- 
meability of tbo capillary endothelium. Animals of a susceptible species were inoculated 
intravenously with an infective agent — the virus of fowl-pox, or of vaccinia, or of the 
Rous sarcoma. Staph aureus, Str hamohjhcus, or the pneumococcus, and a 0-18 percent, 
solution of histamine base in buffer, given mtracutancously, and control injections of 
buffer alone In all cases the lesions in the histamine sites were more frequent and more 
severe than in the control sites. These results exemplify a general conclusion, rescue 
by Burrows (1932) in his monograph on the localization of infection, that damage, even 
relatively transient, to the vascular endothelium leads to settlement of blood -borne organ- 
isms at the site. The role of histamine, or otter substances of endogenous origin, in pro- 
moting local antibacterial defence by increasing capillary permeability, is less clear; : o 
own observations (unpublished) indicate that it has little effect w lien given intracu a ” e 
together with the bacteria under test. Tho importance for defence of a free <*«» ' 

of both blood fluids and leucocytes, is, however, evident m the w ork of Evans, 

Niven (1948) on intracutnncous adrenaline, doses sufficient only to cons r,c .. jc , 
vessels for two hours, without subsequent damage to the tissue, impeded > 

emigration for that period, and were sufficient to enhance the mfechvity of e 
injected staphylococci by 10- to 100-fold, and of Cl. sept loan by over a mill) 



266 The Bacteriology of Milk mid Food 

counts; the various antibodies are present in the milk, not only the bactericidal 
substances but the agglutinins as well, which, by clumping the bacteria, may 
bring about decreased plate counts. That freshly drawn milk is both bactericidal 
and bacteriostatic, albeit to a mild degree, is, however, definitely established. 
This activity is thermolabile, being destroyed in fifteen minutes at 75° C. and 
in two minutes at 80° to 90° C., and disappears a few hours after the milk is 
drawn. 


MILK-BORNE EPIDEMICS OF DISEASE* 


Disease 

Outbreaks 

i 

: Cases 

Number j 

Per Cent of Total , 

Number 

Per Cent of Total 

Typhoid and paratyphoid 
fever 

76 

45.2 

1,209 

12 1 

Septic sore throat and 
scarlet fe\ er 

57 

34 0 

6,812 

68 2 

"Gastroenteritis” 

24 

14 3 

1,423 

14 2 

Bacillary dysentery 

MM 



4., 

Diphthena 

55 

M 


1 2 

Poliomyelitis 

mm 

. 


0 1 

Totals 

168 

100 0 

9,989 

100 0 


* In New York State exclusive of New York City as reported by Dublin, Rogers, Perkins 
and Graves Amer. Jour. Pub. Health, 1943,33:157. 


The Determination of the Quality of Milk. By far the best index 
of the quality of milk is the number of bacteria it contains. The bacteria 
present are, in all cases, a result of contamination, and hence these micro- 
organisms are reliable indicators of cleanliness and care and are genera > us 
for this purpose. n . 

Plate Counts. The total bacterial count of a milk is, then, a re ec ion 
of its hygienic quality, and the plate count has been, and still is, wide > use 
in the bacteriological grading of milk. Standardization of the media an ^ 
the technique is, of course, necessary' for comparable results. A standa r P r °" 
cedure has been developed under the auspices of the American Public ea 
Association, whose publication -1 may be consulted for the details 

Standards of milk quality in terms of plate counts are in genera use ^ 
vary from one locality to another. In some instances more than one gra ® 
milk is allowable; for example, a “Grade A” milk may contain not more 

* Standard Methods for the Examination of Dairy Products American Public 
Association. 9th ed., 1948 For a discussion of current practical application o 
see Black: Pub. Health Rep., 1943, 58:1605, 1641, 1681. 
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Mucin. Nungester and his colleagues (1932, 1936) noted an natation of Mfc,*,, 
of pneumococci and streptococci when injected intraperitoneally with « suspension of 
hog gastric mucin. Mucin was particularly effective with hacteria which, like rneSTJd 
and gonococci, are not pathogenic to laboratory animals, and are lethal only in (fo«« «’n 
which the bae*"-— * - l ~ s *■ ' 

of the bacteria . . 

and Castles 10: -v^,. 1^,. n annual exaltation of pathogenicity was observed tn H 

influenza (Fotheigffl. Dingle and Chandler 1937), Salm. typhi (Rake 1935, Bottle dal 

1937), H pertussis (Silvertfionio 1938), and Staph. aureus (Anderson and Oag 1939), but not 

in My co. phle t, “ B. anthmeotdes " Myco. smegmaliz, Sir. viridam or Bad. coh (Anderson 

and Oag 1939). Human, guinea-pig r-- 1 ----- - * ■ 

ievans and dextrans are also active, ti 

arc (Miller and Castle3 1936, Anderso, 

1952«). The exaltation of pathogenicity produced by the mucin Mas not accompanied 
by any demomtrable change in the virulence of the bacteria, but was clearly due to some 
action on the defence mechanisms of the animal. The efficacy of the mucin has been 
variously reported as due to its viscosity and power to inhibit mtraphagocytic digestion 
of the bacteria (Nungester d al. 1936, McLeod 1941 ) ; to its power to injure the defensive 
cells and inhibit phagocytosis (Miller and Castles 193G, McCabe and King 1951); to its 
interference with sensitization of the bacteria by antibody (Keefer and Spink 1938); to 
an anticoraplementary effect Orskov 1940) ; to an aggrcssm-Iike action, inhibiting the 
chcmotactic emigration of leucocytes (Ercoh el al. 1945) ; to an increase in capillary per- 
meability leading to fibrinous exudation that blocks further leucocytic emigration (Sandage 
and Stark 1949, Gale and Elberg 19525) ; and to a combined anticomplementary and anti- 
coagulant effect (Lambert and Ricliley 1952). In his review, which should be consulted 
for details of the earlier w ork, Olitzki (1948) concludes that the basic effect is the formation 
by the mucin of a protective coating on the bacteria. However, not all the effects observed 
can be attributed solely to such an action. The varying degrees of purity and heterogeneity 
of the mucin preparation used in most of these researches invalidates any firm conclusions 
that might be drawn. It is clear that viscosity alone is not a determining factor, though 
viscous undegraded Group A mucopolysaccharide (p 1240) acts like mucin, and loses 
its activity with its viscosity when hydrolysed (Morgan and King 1943). L&ndy and 
Batson (1949) identified the Group A mucopolysaccharide in gastric mucin as the enhanc- 
ing substance w Inch would be potentiated by adding the ash from the saline-insoluble 
fractions to the mucin. 

The relation of the various components of mucin have been clarified by the extensive 
analysis made by Smith and his colleagues (H. Smith 1950, 1951, 1953, H. Smith tl al 
1951, 1952a, b, 1953) Using Salm. typhi infections in mice for assay, they identified 
three factors ; (a) a particulate, insoluble residue (cf. Landy and Batson 1949), which could 
be replaced by charcoal, kaolin or talc, (5) the viscosity of the medium, which could 
be provided by substances like blood group mucopolysaccharide, agar, gum uuit or 
methyl cellulose ; and (c) the essential factor, a polysaccharide containing a heparin-hke 
substance, a blood group mucoid, a chondroitin sulphate, and another polysacchari e. 
Mixing the large-particulate residue, the heparin, the viscous blood mucoid and tec on- 
droitin sulphate reconstituted an active mucin. Except for the fact that heparin is an i 
complementary and anticoagulant (Lambert and Richley 1952), the mode of en aneemen 
bv these factors is still obscure. . 

" Ionizing Radiations.— The effect on immunity of various ionising radiations oi 
have a threefold bearing : on the exploration of the ~ proces., on the therapeu 
use of irradiation in infective disease, and on the potential hazards of mo e " ‘ 

Wo can only briefly discuss this subject, referring the reader to the admirable re > 

Taliaferro and Taliaferro (1051). upon which this section .s largely based. 

There are many clinical reports of a beneficial action of X-irradiation 
example, in gas gangrene, peritonitis, and inflammatory lesions of e s in. 
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30,000 bacteria per milliliter as delivered, and a “Grade B” milk not more than 
100,000. There is a steady movement toward more strict requirements, and 
the maximum number of bacteria allowed is continually reduced. More than 
one grade of milk is, however, undesirable in that the distribution of inferior 
milk is allowed, and, when possible, a single standard is preferable. In Chi- 
cago, for instance, there is but one grade of milk, and it must not contain 
more than 10,000 bacteria per milliliter as delivered to the consumer. 

Microscopic Counts* Besides the ordinary macroscopic colony count ob- 
tained by plating, a microscopic method devised by Breed is of value for many 
purposes. In the Breed method milk is taken in a capillary pipette discharging 
0.01 ml. and is dried over an area of one square centimeter on a glass slide. 
After washing out the fat with xylol and fixing with alcohol, the film is stained 
with methylene blue The number of bacteria per square centimeter is esti- 
mated by counting a carefully measured area. The ratio used in comparing the 
microscopic count with the standard plate count is 4 1, although it is recog- 
nized as inaccurate and variable. This direct microscopic count does not 
involve incubation and has proved of special value in judging the quality of 
fresh milk as delivered to milk-rcceiving stations. 

Methylene Blue Reduction. If a small amount of methylene blue is added 
to milk and the mixture incubated, the dye will, in time, be reduced to the 
colorless lcuco base. Although freshly drawn milk has some small pow'er to 
reduce this and other d>cs, the reduction is, for all practical purposes, a conse- 
quence of the metabolic activities of contained bacteria. There is, then, a direct 
relation between the length of time required for reduction and the number of 
bacteria present, and the measurement of this reduction time provides a useful 
approximation of the quality of a milk. The method is best adapted to raw 

milk and has the great advantage that no s p" - 1 *" - ~ f ** ’ 

operator is required. Although milk cannot ■ . 

cision in this way, it is generally agreed tha ' ' 

two hours is poor in quality, while that which docs not decolorize in eight hours 
is excellent. Rcsnzurin has been used to some extent in the place of methylene 
blue. 

Bacterium Colt Count. It may be assumed that since Beet, coli may be used 
as an index of the sanitary quality of water, it could occupy a similar position 
with regard to milk. It will be recalled, however, that water contamination of 
sanitary significance is fecal, whereas this is not the case with milk; Bnct. coh, 
for example, would not be associated with the presence of the diphtheria bacil 
Jus in milk Furthermore, since the great majority of market milks contain 
cow feces, the estimates \arying from 60 to 100 per cent, Bact. coli in milk 
is probabl) most often of bovine origin. Although the coli count has been used 
widely in the past, the differentiation of 'these microorganisms is not worth 
while except under special circumstances that warrant it. 

The Isolation of Pathogenic Bacteria. In contrast to water, the isolation of 
pathogenic bacteria from milk is not only a practical but often a desirable pro- 
cedure. The presence of tubercle bacilli, for example, can be conclusively 
shown only through the isolation of these microorganisms, in this instance 
uvuillv In guinea pig inoculation. Other pathogens, such as hcmolvtic strepto- 

* Tor a grnaal ducuMwn see Bros and Breed* Arow Jour. Pub. Health, 1945, 35*6S). 
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rniWor irradiation would in some circumstances stimulate one or more of tile defence 
mechanisms of the body ; but the varied results of attempts to elicit and to analyse 
tins beneficial response to X-rays indicate that we arc still far from definin" those 
circumstances. ® 


The Influence o! Hormones on Resistance to Infection. 


There is little doubt that resistance varies with different states of hormonal 
balance in the animal body, but the data are for the most part too confused to 
yield any dear picture of the hormonal effect. The hormonal variations that have 
received greatest attention in connection with resistance to infection are those 
of the sex hormones and, within recent years, of the steroid hormones of the 
adrenals. It is not our purpose to review the literature of sex incidence and 
mortality in infective disease, or to consider the variations in resistance that 


accompany puberty, menstruation, pregnancy and sexual senility ; or to discuss 
ill detail the evidence for the part played by the adrenal cortex in maintaining 
or promoting defence reactions to infective microbes ; but to give some examples 
from experimental work illustrating the kind of hormonal effects that have been 
observed. 


Scliiitze, Gorcr and Fmlayson (1930) recorded a definite, but inconstantly observed* 
superiority of female mice over male mice in their resistance to infection with Salrn. enter i- 
iidia and Scilm. typhi-murium ; but a male sujicriority in resistance to infection with 
Past, muriseptica. Watson, Wilson and Topley (1038) also noted that femalo mice were 
more resistant than males to the epidemic spread of infection with Salm. lyphi-murium. 
Thcro are a few experimental studies of tho effect of the female sox hormones on resistance. 
Rosahn, Hu and Pearce (1030) found that malo rabbits were less resistant to vaccinia 
infection than female, and non-pregnant females less resistant than pregnant females. 
Jungcblut and lus colleagues reported that poliomyelitis virus was inactivated in vitro by 
a preparation from the urine of pregnant mares and by the serum of tho same animals. 
They were unablo to obtain any clear evidence of protection by various hormones in 
experimental poliomyelitis of tho monkey (Jungcblut, Meyer and Englo 1934, Jungeblut 
and Engle 19341. Ay cock (1030, 1010, Curley and Ay cock 1040), proceeding from the 


generally held opinion that pregnancy in women predisposes to paralytic poliomyelitis, 
investigated tho effect of oestrogens on immunity in monkeys and mice. (Estrogens 
protected both normal nnd castrated monkeys against an otherwise fatal dose of polio- 
myelitis virus, nn effect lie attributed in part to tho thickening and proliferation of the 
site of injection— the nasal nnicosn —under the influence of the hormone. His observation 
(Foley' and Aycock 1945) that ccstrogcns decreased tho resistance of mice to intrinasal 
instillation, but not to intracerebral injection of tho virus, is consistent with this view. 
Knox (1050) studied the resistance of mice during the whole course of pregnancy and ob- 
served a gradually increasing susceptibility to the virus as gestation proceeded, tho mice 
reverting to normal resistance within a few days of delivery. An ccstrogen effect on tie 
permeability of tlic mucous membranes cannot iiavo been the sole reason for this result, 
because the mice became equally susceptible to oral or intravenous Virus The effect of 
the hormone is evidently complex depending not only on the state of the animal, but on 
the nature of the pathogen ; thus, ecstrogens are reported to decrease, not increase, tne 
susceptibility of mice to Sir. pyogenes (Foley and Aycock 1944). 

A change in a mucous membrane may be responsible for the curative action of cestrm 
in gonorrhoeal vagmit.s in children. Tho cells of tho immature vaginal mucosa arc poor 
m glycogen; with the onset of puberty, or with the administration of mstrin, th y 
become rich in glycogen, and superficial keratmization occurs In tie s * 

child with vaginitis, the pH of the vaginal contents shifts from about 7 0 to 4 6-6 0, th 
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cocci, Brucella, etc., may be isolated by culture. The isolation of these bacteria 
is not, of course, a routine procedure but is frequently carried out when an 
outbreak of disease is suspected of being milk-borne. The details of the 
methods employed may be found elsewhere. 3 

Cell Count and Sediment Test. The number of leucocytes present in a 
sample of milk and the amount of contained dirt that can be strained out 
through a standard cotton disc are frequently of value in the assay of milk 
quality. Excessive numbers of leucocytes are present in the milk from infected 
udders, and when their presence is noted in Breed smears, mastitis is sug- 
gested. The amount of sediment that a sample of milk contains is, of course, 
an index of the extent to which it has been contaminated and is often, though 
not necessarily always, correlated with the bacterial count. 

The Hygienic Control of Milk. The sanitary quality of milk may be 
controlled in one or both of two ways: in the first instance, by preventing to a 
considerable degree the contamination of milk and the multiplication of con- 
tained bacteria; and, in the second, by destruction of bacteria, the pathogenic 
forms in particular, already present in the milk. 

Inspection. The periodic inspection of dairy farms is carried out by the local 
board of health in many places, and, although it does not insure the absence 
of pathogenic bacteria from milk, it is effective in increasing cleanliness and 
reducing the numbers of bacteria. A score card is frequently used, and a given 
dairy farm is rated according to a system of points. 

Certified Milk. One of the earliest attempts to avoid the dangers of milk- 
borne infection was the elaboration of methods designed to safeguard milk at 
every step in its production, collection and distribution. To this end "Medical 
Milk Commissions" were established in a number of localities in the United 
States, usually under the auspices of the local medical society. Milk conform- 
ing to certain standards is certified by such a commission to be of high quality. 
The regulations, which are generally excellent, deal with such matters as the 
cleanliness of barnyard and dairy; the purity of the farm water supply; the 
proper sterilization of utensils; and the health of the cows and of the rn '*^ e ^ 
The bacterial content is limited to 10,000 per milliliter and the milk must 
delivered within thirty-six hours. 

Certified milk is undoubtedly safer to use than milk collected and trans 
ported without suitable supervision, and the work of the milk commissions ias 
done much to improve dairy conditions in many parts of the country. At t e 
same time, raw milk, certified or not, can never be regarded as ptotecte ^ 
against all chances of contamination; the difficulty— not to say impossibmty-o 
making sure that no typhoid carriers and no persons suffering from a mi 
case of diphtheria or scarlet fever are ever employed in a dairy is, of course, se 
evident. Outbreaks of diphtheria, paratyphoid fever and other diseases a '®» 
in fact, been traced to certified milk. For this reason, as well as because o t 
relatively high cost of production, the use of certified milk remains mu e 

Pasteurization. The process of destroying pathogenic bacteria in mi is 
far the most satisfactory method of controlling milk-borne infection. * e ^ 
of a temperature high enough to kill most microorganisms but not ng 
produce radical alterations in the substance heated was first applied by as ^ 
to preserving wines without destroying their original flavor or bouqu 
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tlle clinical observations because, as Kass and Finland ( 1953 ) point out in their 
concise review of the subject, the human diseases affected are mostly those 
without an established infective .-etiology, for which no experimental laboratory 
analogue is known. Nor do they greatly illuminate the function of the adrenal 
cortex m defence, except, to establish that the cells concerned in defence and anti- 
body formation, like many other cellular and biochemical activities of the body 
can lie modified hy excess or defect of the cortical hormones. 


The adrenal cortex, unlike most other endocrine centres, is peculiarly and quickly 
responsive to various stresses A single stress results in an outpouring of steroid hormones, 
" itl > characteristic cellular and biochemical changes m the blood and an increase m general 
resistance of the animal follow ed by a period of “ exhaustion ” of the gland. Selyc (1950) 
developed a concept, the “ stress ” or “ adaptation ” syndrome, to embrace not only 
acute reactions, but chronic states where there may be a Jong continued stage of exhaustion, 
accompanied by pathological changes m the tissues, which predispose the animal to many 
diseases, including infections. It is doubtful how- far this concept is applicable to all 
infections, excepting in so far as any manifest infection may be regarded as a disturbance 
of the adaptive mechanisms of an animal— a disturbance which the adrenals may share 
in, but not necessarily affect in any decisive way. 

There is already a vast literature, both clinical and experimental, about these hormones, 
and wo can cite only a few examples of experimental work, referring the render to Kass 
and Finland (101)3) for a wider survey. 

The cortiNones and cortiootrophin usually hn\c similar effects, and we shall consider 
them together Hut they differ in one important respect : the second can release only the 
available endogenous corticosteroids, whereas doses of cortisone can be given that are 
far m excess of the immediately available endogenous hormones. We shall not therefore 
expect their action always to be similar 

In experimental infections, the positive results are usually obtained only with pharma- 
cological doses that induce a state of “ hypercorticoidism,” characterized among other 
things by depletion of lymphoid tissue, depression of the rcticulo-endotheh'al clearing 
mechanisms and of the capacity to form granulation tissue. It is only in the suppression 
of certain hyjiersensitive reactions (Chapter /» I ) that small doses are consistently effective. 
The large doses, almost without exception, impair the resistance of laboratory animals 
Thus in cortisone-treated mice (Hart and Kces 1050), gumca-pigs (Spam and Jlolomut 
1950), and rabbits of a genetically resistant strain (Lurie et al 1051), the lesions of tubercu- 
losis are more extensive, more widespread and less well localized than in control animals, 
Friedlander (1951) recorded an increase in the incidence of arthritis and death in mice 
infected with Str vmdans, and Mogabgab and Thomas (1052) in the mortality of rabbits 
infected subcutaneously with Str, pyogenes; in the latter, death was associated with 
bacteracmu, and there were few clinical signs of infection. Cortisone changed mild bruce a 
infection in mice and guinea-pigs into a fulminating and fatal infection , it had no effect 
on chronically infected animals, presumably because there was an associated high degree 
of antibody immunity (Abernctliy and Spink 1952). It also lights up latent disease; 
LeMaistrc awl Tompsett (1952) observed that 82 per cent, of rats from an otherwise healthy 
stock developed a fulminating C. murium infection during cortisone treatment, an ,ec 
lull and Rees (1052) described a spontaneous streptococcal disease in cortisone-treate< 


laboratory mice. ... . 

In rabbit syphilis the granulomatous reactions arc depressed and the multiplication 
of spirochaetes facilitated (Turner and Hollander 1350). A similar numerical ! 
m the pathogen is demonstrable in chick embryos infected with mumps virus ( v 
and Horsfall 1951). Among virus diseases we may cite ancnhanccmen * . tj , 

in the guinea-pig (KJigman el al 1 9515). and in the mouse an enhancement of jo homj 
(Findlay and Howard 1952), Japanese B encephalitis (Vollmer and Hurthtut 1. - ), 
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though still widely used in connection with bottled beer and wines, the process 
of pasteurization is now used chiefly for the treatment oF milk. 

The temperature to which milk is raised and the time for which it is held 
there are, of course, dictated by the heat resistance of the bacterium to be killed. 
From the beginning attention has been directed primarily toward the tubercle 
bacillus, and it has been found that this bacterium is killed by exposure to a 
temperature of 140° F. for twenty minutes. In practice, then, a temperature of 
142° to 145° F. for a period of thirty minutes provides an adequate margin of 
safety, and these are the requirements that are usually specified. 3 It should 
be noted that the technical aspects of such treatment of milk on a large scale 
are of prime importance, taking the form of prevention of foaming, proper 
design of valves to prevent "cool pockets" and dead ends, and the like. It 
might be supposed that a higher temperature or longer holding time resulting 
in a greater margin of safety would be desirable, this is, however, not the 
case, for if either the time or the temperature is increased alterations take place 
in the physical state of the milk in which the fat is dispersed into smaller 
globules and will not rise to the top on standing Such a disturbance of the 
“cream line” is, of course, of esthetic rather than sanitary significance. 

Considerably higher temperatures and a short holding time have been and 
still are used to a limited extent. In the so-called "flash” process the tempera- 
ture is raised to 160° F. and maintained for fifteen seconds, then the milk is 
immediately chilled, as it is in the “holding" process discussed above. Both 
time and temperature are difficult to control accurately in the flash process, 
and this fact, together with the "cooked” taste imparted to the milk, has se- 
verely limited the use of this method 

The plate count of milk is tremendously reduced by pasteurization, for not 
only arc the pathogenic bacteria, such as the tubercle bacillus, BniccIIn abortus, 
streptococci and the like, destroyed, but the majority of other bacteria present 
as vegetative cells are killed also. The efficiency of the process may, then, be 
measured in terms of bacterial destruction and, in the last analysis, must be 
measured this way. Very recently, however, a test has been devised which ap- 
parently gives an accurate measure of the efficiency of pasteurization as carried 
out in practice. The phosphatase test is based upon the presence of the heat- 
sensitive enzyme phosphatase in milk. Since 96 per cent of the enzyme is de- 
stroyed by heating to 143° F for thirty minutes, the amount remaining in a 
pasteurized milk may be used as an indicator of the pasteurization as carried 
out. Tire enzyme liberates phenol from phosphoric-phenyl esters and, as orig- 
inally proposed, the test consisted of the addition of disodium phenol phos- 
phate and Folio's reagent, incuhating eighteen to twenty-four hours, and read- 
ing the blue color developed. A variety of modifications has, however, been 
* ■ has become 

, , ■ sistant spore 

formers, aerobic and anaerobic, certain streptococci arc able to survive the pas- 

* Amcr. Jour. II)R^ 1927, 7:147. 

* for d i vcm v ion #nd rrfrrcncr* tee the ■ppcndix of SiawJjrJ MclfioJi for the Cxam 
motion of D Jtry ProJuctt. toe. ctf. 

r UuTRw-aU. Jnur, Djir> Sci., 1942, 25 295. 
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in the breakdown of sulphonamido-crysoidin (IWtosil) to yield active salnhanil- 
atnlde. The hypothesis is generally acceptable on the grounds that ( a ) for a given 
infecting agent, ta intro activity broadly parallels in vivo activity, and (6) the 
activity of a given drug varies with the species and often with the strain of the 
infecting organism. If there was a direct stimulation of the body defences we 
should expect a greater similarity of action in various infections than is actually 
the case. The recorded discrepancies between in vim and in vitro activity of any 
one drug and a given bacterium (see, for example, Buttle el al. 1937, Gley and 
Girard 1937) do not necessarily invalidate the hypothesis, for it is seldom possible 
to make a prerise comparison of the concentrations of drugs and drug-antagonirers, 
and of bacteria, in the test-tube and the tissues, or to assess the contribution made 
by the tissues to the antibacterial effect. 


Sulphonamides.— Various in vivo sulphonamide effects on bacteria have been postulated. 
Capsuiar degeneration of pneumococci and streptococci was observed by Levaditi and his 
coUcagues (1935a, 1939), by Telling and Oliver (1938) and by Whitby (1938), though Long 
and Bliss (1937a), Gay and Clark (1937) and Lyons and Mangiaracinc (1938) did not observe 
it in streptococci, nor Fleming (19386) in pneumococci. Capsular degeneration, it should 
be noted, may take place with the ageing of a culture of capsulated organisms, and may 
be distinct from the loss of a capsule that in some coses accompanies M — y S — y R varia- 
tion (Chapter 0). A more commonly reported change is swelling, elongation and dis- 
tortion of the bacteria, seen, for example, in meningococci (Levaditi and Vaismao 1936) 
and streptococci (Gay and Clark 1937, Long, Bliss and Feinstono 1939). These “ degenera- 
tive ” changes in tho streptococci were not associated with a loss of virulence, though 
there was a temporary variation from the mucoid to the “ matt ” colony form. According 
to Lyons and Mnngiaracino (1938) and Lockwood (1938) tho sulphonamides induce in 
streptococci changes that make them more susceptible to phagocytosis. Sulphonamides 
will induce a mucoid — > “ smooth ” transformation in vitro, with an associated loss of 
virulence, but the rate of variation is apparently too slow to bo operative in the cure 
of acute infections (Hadley and Hadley 1941). McKinney and Mellon (1941) isolated 
relatively avirulent variants of pneumococci from mice treated with minimal curing doses 
of sulphapyridinc. Hartmann (1944) was unable to detect any change in the cultural 
characteristics of pathogenic Staph, aureus during the local treatment of staphylococcal 


lesions in tho rabbit with various sulphonamides. 

Sulphonamides inhibit the action of streptococcal hemolysins and leucocidins in vitro 
(Levaditi and Vaisman 1935a) and in bono marrow culture (Osgood and Brownlee 1938). 
Huntington (1938) observed a parallel inhibition of hfemolysin formation and growth in 
streptococci, and King, Hcnschel and Green (1938) an inhibition of the haunolyain by con- 
centrations that did not inhibit growth. Tho suppression, selective or not, of certain 
synthetic powers by an antibacterial agent is, as Garrod (1938) points out, to be expected, 
and is brought about by antiseptics as well as chemotherapeutic agents. There is some 
evidence, however, of a direct antitoxic effect of Bulphonamides. The oral administration 
of 4-nitro-4'-aminodiphenyl sulphono and to a less extent, of sulphaniiamide was found 
by Levaditi and Vaisman (1937, 1938) to protect mice against intraperitoneal injections 
of the endotoxins of A T . yonorrha’cs, N. meningitidis, Past, avicida, Sh.Jlexneri, Sh. dysentena, 
and Salm. typki-murium. Carpenter, Hawley and BarLour (1938) demonstrated a similar 
in vivo protection against gonococcal and pneumococcal endotoxins, and against Btaphy o- 
coccal toxin and certain clostridial toxins. Hutner and Zahl (1942) confirmed the pro- 
tective action against Salm. typhi-murium endotoxins (but see Buttle d at. 193). 6 

inhibition of exotoxins was not confirmed by other workers (Levaditi and Vaisman 
1938, Gross el al. 1938, Bayliss 1940, Rigdon and Freeman 1940). , 

There is little unequivocal evidence for a direct action of sulphonamides on the 
defences of the animal. Mixtures of defibrinated or heparinized blood with suip kommid s 
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teunzing temperature. These are the lactic acid formers rather than the patho- 
genic forms, and pasteurized milk sours in the ordinary way on standing, 
though a longer period of time is required-i.e., its keeping qualities are im- 
proved. If higher temperatures are used, 180° F., the lactic acid bacteria are 
killed and proteolysis occurs as the milk spoils. Thermophilic bacteria are fre- 
quently present in pasteurized milk in great numbers, for the temperature 
of pasteurization is an incubation temperature for these microorganisms. The 
slight acid metallic taste occasionally noticeable in pasteurized milk is often 
attributable to their biochemical activity. 

It must be emphasized that the process of pasteurization, while effective in 
destroying pathogenic bacteria present in milk and, incidentally, increasing 
its keeping qualities, is not to be regarded as an excuse for the marketing of 
dirty and highly contaminated milk. There is some evidence, for example, that 
the growth of enormous numbers of bacteria, albeit nonpathogens in the usual 
sense, is associated with summer diarrhea of infants. In most cases, therefore, 
sanitary regulations specify not only the allowable number of bacteria in pas- 
teurized milk as delivered but also an upper limit for raw milk which is to be 
pasteurized. 

The Regulation of Milk Quality. The application of appropriate meth- 
ods of rendering and keeping milk satisfactory from the hygienic point of view 
is, essentially, a social and legal problem rather than a scientific one. To this 
end appropriate ordinances are more and more generally incorporated into the 
legal structure of the community, and these, when adequately enforced, pro- 
duce a marked reduction in milk-borne disease. A standard form of ordinance 
developed by the United States Public Health Service 8 had in 1938 been 
adopted by more than 800 American cities. In any case, the grading and pas- 
teurizing of milk has become general in the United States. A survey 0 has 
shown that about half the cities of over 1000 population grade milk and 
permit the sale of one grade of raw milk and one grade of pasteurized milk; of 
the total volume of market milk about 74 per cent is pasteurized, 99A per 
cent is from tuberculin-tested herds, and 35 per cent from abortion-tested herds 
In general, sanitary regulations are somewhat more strict and more rigorous \ 
enforced in the large cities. In Chicago, for example, all milk is pasteurized, 
including certified milk, and this regulation is rigidly enforced. 

Such practice has resulted in marked reductions in the number of bacteria 
in market milk. In 1901 the bacterial content of market milk in New Yor it> 
varied from 300,000 in the coldest weather to 5,000,000 during the summer 
months; in Chicago (1904) the counts ranged from 10,000 to 74,000,000, an 
in Boston (1892) averaged 4,500,000. The incidence of milk-borne disease has 
correspondingly decreased, for example, in 1907-1915 there were in assa 
chusetts 2215 cases of typhoid fever which were traced to milk, but in 
23 only 297. . , ttrr 

Milk Products. Various foods made from milk, such as ice cream, u > 
cheese and the like, are potential vectors of disease when made from mi 
laminated with pathogenic bacteria. The bacteria tend to die out upon 

* Pub. Health Repts., 1926, 41. 1604. . , 1942, 

o Fuchs and Frank Pub. Health Bull. No. 245, 1938, also Pub Health Kepis, 

57.-228. 
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? ); s ^P^ ococca ^ infections of mice (Bchren, 193S, loecenthal 
1038) i in experimental staphylococcal infection (Da and Ham 10381; in minmrococcah 
infect, on of mice (Ilmnham and Itacntl.al 1937, Branham 1010) ; in Salm. ,»MM Actions 
of IO-day chick embryos (Weil and Gall 1M|), »n,l to a slight extent in 11. 
infection of mice (Bradford and Wold 1839). Colchrook and Maxted (1010) confirmed 
the findings svitl, regard to the bactericidal poiver of the blood, but found only a feeble 
?3™W m experimentally infected mice, and that only hen sub.optimal doses of sulnhan. 
ilnmide were employed. 


Maclean, Rogers and Fleming (1039) found that the snreiva] rate of mice and rabbits 
infected with pneumococci Mas increased if the animals were actively immunized at 
the time of the sulpltonnmidc therapy with n single dose of pneumococcal vaccine (see 
also Chapter 74). 

Synergy of this kind also occur* in the treatment of clostridial infections. Under 
careful controlled experimental conditions, Henderson and Gorer (1940) found a striking 
synergy of antitoxin and sulphonamulo in both prophylaxis and cure of Cl. welchii and 
Cl. Mplicum infections of guinea-pigs. .Singer (1940) obtained similar results ; the sulphon. 
amides used had no effect on Cl. crdematieii* infection and in this case no synergy of drug 
and specific antitoxin was observed. Gordon and McLeod (1941), however, employing 
different experimental methods, observed little curative action of fmlphonamides in 
experimental Cl. ireMlii ami Cl. ttpU'cum infection, and no synergy in combined drug 
and antitoxin treatment. 

The sulphon amides are generally held to be bacteriostatic in eiro, restraining bacterial 
growth within limits that enable the defence mechanisms of the body to eliminate the 
invader. Some idea of the value of such restraint will be evident from the following 
calculation. If wo assume a division of the parasite every 20 min. and a survival of all 
daughter cells, in 12 hours a single cell has multiplied to 2 3S (about 10 11 ), whereas even a 
partial bacteriostatic effect that reduced division to once every 40 min. would limit the 
number at 12 hours to 2 17 , ».*. to a number about 250,000 times 2“ 18 ) less than that of the 
uninhibited organisms. 


TJjcto is thus JjttJe evidence of peculiar vi nro effects of the sulphonamides 
on the infecting organism ; and little evidence of antitoxic effects, or of direct 
stimulation either of the non-specific or specific antibacterial mechanisms of the 
host, at least to a degree likely to make a significant contribution to defence. 


Antibiotics. — The same conclusions apply to antibiotics, w ith certain differences dictated 
by differences in the mode of action. Some, like the sulphonamides, may act as bacterio- 
statics, particularly m low concentrations, and depend for their total effect on the co- 
operation of the tissues others arc directly bactericidal. Among these is penicillin, to 
which bacteria arc most susceptible when they are actively dividing (Chapter 6)- 
The relation of bactericidal and bacteriostatic action to the host’s defences is wc 
illustrated in the papers of Engle and his colleagues, to which reference should be made 
for details of earlier work on the subject. In an analysis of the optimal conditions for 
pcniclllin therapy, Eagle found that, whereas the number of streptococci or pneumococci 
at the site of an intramuscular injection in mice rose in untreated animals, in animals 
given a single dose of penicillin it declined within a few hours, at a rate proportional to the 
do&e of penicillin, and. similar to the death rate i» tilro. Moreover, the curative singe 
dose was proportional to the number of organisms inoculated. When the pemedhrt com 
centration in the mouse dropped below effective levels, the surviving bactcr. a ^ began to 
multiply, but only after some hours, indicating a rcsvdual damage to the bacterial cem 
This stage can be reproduced in untreated animal* by injecting cocci t l!i l ^ ec ‘ , 
». _ . a- «hn o™., ,Jo not begin to multiply freely in the muscle unm 
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age, of course, although it has been found that the typhoid bacillus will 
survive for three months or more in butter, and tubercle bacilli have been 
found in butter and certJin quick-ripcmng varieties of cheese. Ice cream may 
sene as a vector for typhoid fever, scarlet fever and the like. Pasteurization 
of the mix is customary and generally at higher temperatures than those used 
for milk. Human infections with foot-and-mouth disease have been traced 
to contaminated butter and cheese, but the public health significance of these 
findings is problematical. 

FOOD POISONING AND FOOD-BORNE INFECTION 10 

The diseases transmitted bv milk and milk products may be disseminated 
by a variety of other foods, in addition to these, however, other types of illness 
may result from the ingestion of contaminated foods which make up that 
group of affections designated as food poisoning. The kinds of illness that may 
result from the ingestion of food may be summarized briefly. 

(1) individual idiosyncrasies; 

(2) toxemia from foods, such as 

(a) foods naturally poisonous, 

(b) foods into which poisons have been accidentally introduced and 

(c) foods containing poisons of bacteria! origin formed by 

1 Clostridium botulmum and 

2. staphylococci, 

C3) food borne infection, including both 

(a) bacterial infections, such as 

1 tvphoid fever, dvsentcry. cholera cl al. and 

2 Salmonella infection, and 

(b) parasitic infections. 

It will be clear that in some instances food senes simply as a vector m the 
transmission of diseases such as the parasitic infections and the enteric dis 
cases. In the remainder, however, the clinical manifestations are those asso- 
ciated with food poisoning proper-vomiting, diarrhea, enteritis and a greater 
or lesser degree of prostration. Although a number of types of food poisoning 
given above arc not bacterial in origin, their clinical symptoms frequently arc 
those of bacterial food poisoning, and these must be considered in any attempt 
to ascertain the etiology of a given outbreak, even though food poisoning is, in 
a majority of instances, a consequence of bacteria! activity. I Ijpcrscnsitivity 
(p 334) to a given foot! substance, for example, is frequently manifested as 
vomiting, and an outbreak confined to a family may be the result of familial 
tendenev. similarl), the gastrointestinal disturbances following the ingestion 
of naturalh poisonous foods such as toadstools, or foods contaminated with 
poisons such as arsenic or cyanide, are often indistinguishable From those 
induced In some poisons of bacterial origin 

Toocl I’oUnin* of Bacterial Origin. Often popularly termed "ptomaine 
poisoning." poisoning with food containing toxic substances of bacterial origin 
is very common, probably more so than is generally recognized. The term 
"ptomaine poisoning" is a misnomer that is both misleading and inaccurate. 

"'Jordan rpcsl Ponontng an J food Borne Infection 2nd cd. University of ChicaRo 
Prcw. ClucaRy, 193). Dock food Poiiontni University of Chicago Prcw, Qhcviro. 1943 
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the occurrence of antagonism between various pairs of antibiotics. There are reasons 
{p. 207) for flunking that it is not as important in clinical practice as it appears to be from 
laboratory investigations. For the therapeutic implication of these phenomena we refer 
the reader to tho papers of Jawetz and Gunnison (1952) and Garrod (1053). 

Tho relation of antibiotics to specific immunity is like that of the sulphonamides, with 
differences imposed by the more effective direct bactericidal action of certain antibiotics. 
Harrison (I94fi), for example, compared eulpfionaniides and penicillin in rabbits receiving 
mtradermal injections of lethal doses of pneumococci. Penicillin abated the infection 
when given 4 hours after the cocci ; there was no local lesion, and neither agglutinins nor 
immunity to hater re-infection developed. With curative doses of penicillin given 24 hours 
after tho cocci, the lesions resolved, and a high degree of specific immunity developed. 
Sulpha pyridine, on the other hand, given at 4 or 24 hours, was slower in controlling the 
infection, but a certain immunity developed afterwards. The immunity, however, was 
less in the " 24-hour ” group than in the “ 4-hour ’ ’ group. It appears that the early 
penicillin destroyed the cocci before they grew sufficiently to provide an adequate antigenic 
stimulus, and tho late fienicilhn quickly killed the more numerous cocci, thereby providing 
a good antigenic stimulus. The early sulplionamidc, on the other hand, allowed growth 
enough to provide a sufficient stimulus, but after later swlphoriamide tho antibody re- 
sponse was to some extent neutralized by large amounts of capsular substance elaborated 
as a result of the more extensive and continuing infection. Harrison concluded that peni- 
cillin was, less dependent on the immune response than the su/phonamide 

According to Miller and Foster (1944) and Kelly and Schnitzer (1945), the combined 
effect of penicillin, and specific antibody is synergic. However, Browning and Calvcr 
(1947), working with Staph, aureus infection in sulphathiazo/e- and penicillin-treated mice, 
concluded that the beneficial effect they observed with a-antitoxin was additive ; and 
Treffers and Muscliel (1954) clearly demonstrated that the combined bactericidal action 
of antibody and complement and chloramphenicol on Sahn. lyphi in vitro was not synergic, 
but purely additive As regards the impairment of antibody response during antibiotic 
treatment, several observers have recorded that the rapid elimination of streptococci from 
the lungs in infection of man reduces the subsequent antibody response (e.y. Rantz et id. 
1946, Kilbourne and Loge 1948). In the experimental animal, in addition to the work 
of Harrison discussed above, we may note examples of a similar reduction of the immunizing 
stimulus of infection in the early penicillin treatment in rats and guinea-pigs infected 
with pneumococci (Skinscs 1948) ; and in mice infected with Br. lularenm and given 
streptomycin (Chapman f t al. 1949). Speck and Jawetz (1952) treated mice with penicillin 
and aureomycm 24 hours after infection with Str. pyogenes, and found that the immunity 
of survivors to reinfection 16 days later was greater in the animals receiving the less effective 


antibiotic, which in this case was penicillin. 

The alternative explanation of a direct suppression of antibody synthesis by the anti- 
biotic has been considered. Green, Wohl and Waife (1951) could demonstrate no sup- 
pression by penicillin of tho H-agglutinin response m man to typhoid vaccine. However, 
using an indirect indicator of antibody formation, Stevens { 1953) reported that the response 
of rabbits to a protein antigen was depressed by the continued administration of dihyaro- 
btrcptomyciri, terramycin, penicillin and anreomycin. Some rabbits in each group 
were resistant to this action, and particularly to the last two antibiotics. 

Two of the possible effects of chemotherapy, the emergence in the infected ammai 
of drug-resistant strains, and the suppression of the infecting agent before it has grown, a 
the point where it provides an effective antigenic stimulus, have implications not only 
for the treated individual, but for the herd. The widespread use of an antibiotic in * 
community might lead m the first ease to tl.c establishment of endemic infection w .th dn.„- 
resistant I, .inter,.. , and ,n the .seeond. to the for,. tnat.on „f ad.sease l^valonto that in 
the normal course of events would decline ^ t j |e 

recovered individuals in the community, * ‘ ( j rc f or 

emergence of penicillin-resistant staphyloci.... 
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The Bacteriology of Milk and Food 

The organic bases such as putrescine, cadaverine, methylamine and the like, 
which have been called ptomaines and which result from the bacterial de- 
composition of protein, are not toxic when given by mouth. Neither are other 
decomposition products toxic per os. While a partially decomposed food may be 
esthetically unattractive, the innocuous nature of the products of decomposi- 
tion is obvious when one considers the advanced state of decomposition 
reached by some cheeses. Toxicity is, on the contrary, attributable to the pres- 
ence of substances synthesized by the bacteria whose presence may or may 
not be associated with obvious evidence of decomposition of the food sub 
stance. 

Botulism. Of the toxic substances formed by bacteria in food the most 
powerful is the toxin of Clostridium botulinum (p. 593). In the United States 
canned foods provide the anaerobic conditions necessary for the germination 
of botulinus spores which have survived processing, while in Europe meat 
products, particularly the larger sausages, have been more frequently involved. 
The microorganism never infects man under natural conditions, and the dis- 
ease is an intoxication resulting from the ingestion of preformed toxin present 
in the food substance. The disease is not of great public health importance- 
about 2000 cases have been reported in all— and the outbreaks are generally 
limited in scope, often being confined to a family circle of a few individuals. 
The case fatality is high, however, probably 60 to 80 per cent, and when out- 
breaks do occur they attract considerable attention. This type of food poisoning 
differs from the others in that the symptoms are not necessarily gastroin- 
testinal, the toxin acts upon the peripheral nerves and the symptoms are those 
resulting from such damage. The use of botulinum antitoxin is discussed 
elsewhere. 

Since both anaerobic conditions and a period of incubation are required 
for the growth of Cl. botulinum and the formation of toxin, fresh foods are 
not involved in this type of food poisoning. The toxin is destroyed by heat, 
hence freshly cooked foods do not contain it. Canned foods and certain meat 
products which are consumed either cold or after simply warming may contain 
botulinum toxin if the spores of this bacterium were originally present and not 
destroyed. Commercial processing as now employed in this country is adequate 
to destroy botulinum spores, and at the present time outbreaks of botulism are 
frequently attributable to the consumption of home canned, insumcient ) 
heated foods. The presence of toxin is not necessarily associated with o uous 
signs of spoilage, though it is probable that toxin-containing foods are never 
entirely normal in appearance, odor and the like. , 

Staphylococcus Food Poisoning. The marked gastro-intestinal distur anc 
characteristic of food poisoning are not infrequently associated with t e cot 
sumption of foods containing starch thickening, such as eclairs, cream F u ' 
certain types of cake fillings and salad dressings, and the like. Upon ac e ^ 
logical examination, the incriminated food generally is found to contain en^ 
mous numbers of bacteria, sometimes staphylococci, other times bacteria o 
colon-aerogenes group, streptococci, Proteus and similar microorganisms. 

The causal relation of staphylococci, generally, though not neccssa^,^ 
hemolytic strains of the Staphylococcus aureus group, to food poisoning 
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hy the virus. The insusceptibility, however, appear9 to be realized at the expense of 
considerable damage to the nasal mucosa (Schultz and Gebhardt 1942, see also Chapter 87). 

The Role oi the Bacteriophage in infection and Resistance 

This is, perhaps, as convenient a pla ce as any to summarize the available 
evidence with regard to the role played by the bacteriophages in infection and 
resistance. The relationship between the Various types of phage and the bacteria 
that arc sensitive to their action is highly specific, and is usually determined by 
the nature of the antigenic components Situated at the bacterial surface. 

The existence of living viruses, specifically attacking various pathogenic bacteria, 
offered an obvious possibility that they might be employed in the prevention or 
cure of infective disease. That they can h c s0 employed, and are highly effective, 
was claimed by d’Hcrcllc (1926) ; and several observers have reported favourable 
results in field trials of cholera phage as a prophylactic in India (see Morrison 
1932), There are also various observations in the literature with regard to the 
us c of phages as therapeutic reagents in bureau infections (see Krueger and Scribner 
1911) ; but these arc discrepant, and not 0 f the kind that provide us with the 
evidence wc need, though on the occasions when larger calc observations arc nude 
with as great a care as the circumstances permit, the results arc not encouraging 
(see c.y , Boyd and Portnoy 1944). MortonandEngIcy(1945o) considerthat, although 
dysentery phage is prophylactically useful j n man> the evidence for a therapeutic 
effect is inconclusive, and they set out criteria for more stringent tests These 
include bacteriological identification of th e infecting organism and proof of its 
susceptibility to the phage used , bacteriological proof of cure , freedom of the 
control cases from a naturally acquired dysentery phage ; exclusion of effects due 
to changes in other intestinal organisms , and proof that the administered phage 
reaches the infecting organisms in active f or m. Aside from a theoretical lethal 
action of the phage on the infecting bacterj a> it is possible that the phage filtrates 
arc beneficial because they act as specific vaccines, since they contain the antigens 
of lysed bacteria ; as stimulants of a non-specific immunity ; or as opsonins (see 
Krueger and Scribner 1941). In this last Connexion we may note that SfacNeal, 
McRae and Colmers (1938) demonstrated a substantial opsonic effect when optimal 
quantities of specific phage were mixed with Staph aureus and added to human 
blood. Until some years ago there was on the experimental side little evidence 
that phage had an in vieo antibacterial aet| 01 i, except for a few observations sug- 
gesting that phages injected into an animal simultaneously with such organisms 
as Sahn. typhi or Bad. coli had a slight protective action (WoIIman 1925, Arnold 
and Weiss 1926, Walker 1929). For reports of successful use of phage in the 
treatment of typhoid fever, sec Dcsranleau (1948) and Dhayagudc and Banker (1949) 
Thus there was a general failure to demof|gtrate any protective or curative action 
of phage filtrates against Saint, lyphi-mtirtum OF Salm. enteritidis when tested in mice 
(Topley and Wilson 1925, Topley etal. 1925, Levy 1925, WoIIman 19 25, Ricbetand Haudu- 
roy 1925, Bronfenbrenner and Korb 1925-26, Ebert and Peretz 1929, Greenwood et al. 
1936). Similarly, phage filtrates had little or n o protective or curative action in »al* 
jnrtnofH infections in fowls (Pyle 1926), in experimental plague in rats (Compton 1928, 

, ... , i-,.. , 01 .- 1 - „„,i Clark 

. * es and 

Hale 1931). Nor was there any experimental cviuence uiai w uv . istines 

of mice of a phage acting on Salm, Ijiphx-murium prevents the spread of natural contact 



Food-Borne Bacterial Infections 273 

suggested m 1914” and in recent years this relationship has been definite!) 
established. 1 2 These bacteria produce a soluble toxic substance, or enterotoxm, 
which gives rise to typical food poisoning symptoms in man and rhesus 
monkeys upon feeding and in kittens upon injection. There is considerable 
doubt as to the specificity of the Mtten test, however, for it has been shown 
that the staphylolysins will cause vomiting on injection into these animals. 13 
The incubation period in man is short— two to six hours— and the case fatality 
Mil, with complete recovery in twenty-four to forty-eight hours The nature 
of the enterotoxic substance is unknown, although its formation by staphylo- 
cocci appears to be favored by the presence of starch. A period of incubation 
is necessary for its elaboration by the bacteria, and in outbreaks of this type 
of food poisoning it is always found that a period of time, generally not less 
than eight hours, has elapsed between the preparation and the consumption 
of the food. This type of food poisoning is quite common and a number of 
well authenticated outbreaks have been reported. 14 

Whether or not bacteria other than the staphylococci form similar entero- 
toxic substances is open to question The fact that the same incubation period 
and clinical symptoms are observed when epidemiological evidence incrim- 
inates the other bacteria noted above suggests that enterotoxm may be formed 
by them. Streptococci arc occasionally incriminated in food poisoning out- 
breaks with evidence of enterotoxm formation. 1 '’ and Bacterium aerogeiics, 
Proteus and similar organisms have been found under much the same circum- 
stances. There is some experimental evidence 10 indicating that the ability to 
form substances irritating to the human alimentary tract mav be one that is 
possessed by a variety of bacteria, but as >ct this is not definitely established. 

Food'Bornc Bacterial Infections. The food-bomc bacteria infections 
are of two general types The one consists of those diseases which arc trans- 
mitted by a variety of vectors of which food is but one and whose clinical symp- 
toms arc not those usually associated with food poisoning Such, for example, 
arc typhoid and paratyphoid fevers, dvscntcry, cholera and other enteric infec- 
tions The second type of infection is that with bacteria of the Salmonella 
group, in which the incubation period is short, the gastro-intcstinal disturbance 
is of short duration, a day or two, and the symptoms arc typical of food poison- 
ing. There is some crossing between the two types, for paratyphoid B bacilli 
( Salmonella yaratyylli B) may produce either the typical food poisoning re- 
sponse or paratyphoid fev er. 

” ’ ■ 1 ■' 1 ** ' r the first group ordinarily 

occ cr-bomc and, to a lessor 

■ ■ borne infection plays an 

important part in maintaining some of these diseases in endemic form. The so- 
called “residual typhoid.” for example, which remains in spite of hygienic 

ii Barber Philippine Jour. Sci., 1914, 9 515. 

** Dack, Can-, Won! pert and WigRcn- Jour. Prcv. Med.. 1950, 4 167, Jordan: Jour. 
Amer. Med. Awn., 1930, 94 164S. 

** Pulton: Urn Jour. lUp Path.. 1943,24*5. 

Jordan and Burrows Amer. Jour. Hi k , 1934. 20-604. 

Mt>, Wheeler and GettmR. Amer. Jour. Hjr , 1943, 3S 2S0. 

'* Jordan and Burrmn Jour. Inf. Dm.. 1935, 57.-I2I. 
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induced by tie action of phago, but they appeared to have little virulence. On 
the other hand, atrarns of Salm. lyphi-murium, isolated from mice that had died of 
infection in spite of the presence of phago in the tissues, proved just as sensi- 
tive to that phago as the bacteria originally inoculated (Toplcy and Wilson ID25 
Topley cl al. 1925, Greenwood ct ah 193G). 

Blood, serum, b^jriuto cells* tissue debris can all inhibit lytic action of phase 


may be (see Zdansky 1921} that the cells or colloids of the body fluid exert in 
vivo an inhibiting effect on phago lysis similar to the inhibition exerted in vitro 
by high concentrations of gelatin or agar (Bail 1922, Doerr and Berger 1922, Otto 
and Hunter 1923, Bronfenbrcnner and Korb 1925). This suggestion is supported 
by the observation that some of the most hopeful results of bacteriophage therapy 
have been obtained in cholera — a disease in which the infecting vibrios are multi* 
plying freely in the watery contents of the intestine. 

In any case, until wo know more than wo do of the factors that prevent any 
but high concentrations of phage from exerting any protective effect in the tissues, 
we cannot justifiably conclude that it is impossible so to adjust the conditions 
that a largo part of the in vitro activity might be made available for therapy in 
the infected animal. 


SUMMARY 

(1) There is no doubt that variations m diet arc associated with variations in 
resistance to infective diseases. Starvation to the point of inanition, resulting 
either from lack of protein or caloric in the diet, or from a low food intake following 
loss of appetite due to depletion of certain vitamins, decreases both non-specific 
resistance and the capacity to synthesize antibodies ; and lesser degrees of mal- 
nutrition probably have a similar though lesser effect. 

(2) Depletion of protein is clearly a cause of lowered resistance. Depletion of 
Vitamin A, especially m the period of rapid bodily growth, is associated with a 
lowered resistance, but there is no good evidence that depletion of Vitamin D has 
any significant effect on resistance. Quite apart from any accompanying general 
malnutrition, depiction of several of the water-soluble vitamins — those of the 
B-complex, and Vitamin C — decreases resistance and antibody fornmtion 

There is no reason to suppose that the dietary factors which affect resistance 
are confined to the known vitamins. 

Whether a given depletion is effective in this respect depends on the species 
of host and of parasite, onil the tissue responses characterizing the particular 
infection. This dependence is strikingly illustrated in certain virus infections, m 
which a depletion apparently increases the host's resistance ; presumably because 
virus multiplication depends on active tissue metabolism. 

(3) There is no consistently good evidence that any food factor in excess o 
normal requirements enhances resistance to infections. 

(4) The experimental evidence with regard to the influence of fatigue on rcsis - 

ance suggests that it is mote important as a factor leading to the activation of a 
latent infection than as predisposing to infection a i «»««>• . . 

(5) The data with regard to the effect of variations m the physical <« 
meat are scanty. It is certain that fluctuations m temperature and humidity 
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The Bacteriology of Milk a ud Food 

control of water and milk supplies is, in large part, food-borne. The employ- 
ment of cooks and other food handlers who are typhoid carriers provides the 
opportunity for food infection and consequent transmission of the disease. 
Mary Mallon— "Typhoid Mary"— was one of the most notorious examples of 
a cook who was a typhoid carrier. 

Of the Salmonella infections, one of three species is generally involved, Sal- 
monella typhbmurittm (S. aertrycke ) and its varieties (it exvport, Stanley, etc.), 
Salmonella enteritidis and Salmonella cholerae-suts (including Voldagsen and 
■paratyphi C). S. typki-murium is the most frequently observed, while S. 
cholerae-suis is only rarely present. The ingestion of food containing large 
numbers of these organisms frequently results in the typical symptoms of 
food poisoning. No enterotoxic substance has been shown to be formed by 
these bacteria, and it is probable that actual infection takes place as indicated 
by the somewhat longer incubation period and the finding of the bacteria in 
the feces. The case fatality is variable, ranging from zero to 10 per cent. Almost 
my kind of food may serve to carry these microorganisms, although meats and 
other protein foods predominate. This type of food poisoning is not common. 17 

Both S. typhi-muriuni and S. enteritidis are commonly carried by rats and 
mice, and it is probable that in many cases these rodents are responsible for 
the infection of food. In others the source of infection may be a human 
carrier, and in many cases of meat poisoning it has been found that the meat 
was from a diseased animal. 

Shellfish and Disease* Shellfish, including oysters, clams and mussels, 
have been responsible for the transmission of enteric disease, especially typhoid 
fever, through pollution of areas m which they are grown or stored. They are 
commonly eaten in an uncooked or partially cooked condition which facilitates 
transmission of disease; it has been found that, while scalloped oysters, fried 
clams and clams in chowder are practically sterilized, steamed clams, fried 
oysters, oysters in stew and mussels cooked in the usual ways are not freed 
from coliform bacteria. The shellfish, in the course of breathing and feeding, 
filter large quantities of water and readily take up enteric pathogens from pol- 
luted beds or when placed in brackish waters near sewage outfalls to fatten. 
Imbibed bacteria, if not ejected very soon, are passed through the gastro-m 
testinal tract and discharged in about five hours In the warm season the po u 
tion of the water of a bed or storage area is highly correlated with infection^ 

rapidity with which bacteria are passed through shellfish suggests tne 
bility that they may be cleansed of infection by storage in clean or even c i 
rinated water. The possibility is not only feasible but practiced, four ay 
sufficing to practically eliminate all coliform bacteria Essentially t e sa 
methods that are used for the bacteriological examination of water CP- 
are applied to shellfish. The United States Public Health Service has sugge ^ 
that not more than 50 per cent of the I ml. samples of pooled shell iiq u0 
finely chopped tissue of 10 or more oysters, clams or mussels snou t 

11 Savage and White: Food Potsoning ■ a Study of 100 Recent Outbreaks. Med 
search Council Special Report Series No. 92, 1925. 
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coliform bacteria in the presumptive test but the figure is a guide rather than 
a standard and is not inflexible. 

The food-borne parasitic infections include the various flukes, tape- 
worms, echinococcus and round worms that infect man. In these diseases the 
infective stage of the parasite is often present in a food substance as a conse- 
quence of its life cycle and the mechanisms involved may be found elsewhere 
(Sec Chapter 34.) 
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Chapter 12 


IMMUNITY— ANTIGENS, ANTIBODIES AND 
THE ANTIGEN-ANTIBODY REACTION 1 


It has been common knowledge for many years that recover)’ from certain of 
the infectious diseases is accompanied by the development of an enhanced 
resistance, and second attacks of a disease once overcome are not common 
This enhanced resistance, or immunity, is specific, i.e., an individual immune 
to one disease may be no more than ordinarily resistant to others, and is 
variable from one disease to another, some giving rise to a “solid” immunity 
of long duration while in others the immunity is imperfect or partial and 
transient. The specific immune state supplements the complex of factors 
which make up non-specific resistance to infection, and in some instances even 
a solid immunity may be broken down by fatigue, malnutrition and similar 
factors which arc not consistent with a state of physiological well-being. Im- 
munity arises as a consequence of the reaction of the host to intimate contact 
with the parasite, or its products, within the tissues, and constitutes a last line 
of defense whose presence frequently prevents infection and whose develop- 
ment during an attack of disease determines the outcome. The reaction of the 
host to the invading microorganism has been studied intensively since the early 
days of bacteriology, and the body of knowledge so accumulated makes up 
the extraordinarily complex science of immunology. These studies have not only 
led to some degree of understanding of the phenomenon of specific resistance 
to infection but in addition have provided biology with a new method whose 
general application has been, thus far, limited. 


ANTICENS 

An antigen is ordinarily but unsatisfactorily defined as any substance 
whose introduction into the tissues of an animal results in the appearance, ater 
a suitable length of time, of antibodies in the blood serum and other X 


1 Much of the earlier work on immunity and related problems will be found in 
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fluids. With Certain exceptions, the reaction is specific in that each antigen 
stimulates the formation of antibodv for itself and no other antigen, and it 
takes place only when the antigen is a foreign siihsfcwce to the animal into 
which it is injected Tins characterization is of course, one that is based on 
what antigens do rather than what they are, for knowledge of the nature of 
these substances is as yet too fragmentary to permit a general definition in 
terms of composition and configuration of the chemical compounds which 
exhibit the property of antigenicity. 

In general, ““antigenic substances are protemsrand probably all naturally oc- 
curring proteins soluble in the body fluids and containing a full complement 
of amino acids (the so-called complete proteins) may function as antigens. 
According to Wells 2 the presence of aromatic radicals is associated with an- 
tigenicity* proteins deficient in aliphatic amino acids but containing aromatic 
amino acids, such as zein, gliadin, egg albumin and casein, are antigenic, while 
gelatin and protamines which are deficient in aromatic radicals are not anti- 
genic. JThe property of antigenicity is not destroyed by heating except as the 
protein is rendered insoluble by coagulation (specificity is somewhat altered), 
but it is lost upon hvdrolysis, probably at a scry early stage, although the precise 
point at which antigenicity disappears during hydrolytic cleavage of the 
molecule is not known Antigenicity, then, appears to be a property of the 
intact, or nearly intact, protein molecule, and there is reason to believe that one 
prerequisite of antigenicity is a large molecule which may exist in colloidal 
solution. 

Iso-antigens. It is not strictly true that antibody response is induced 
only by antigens foreign to the inoculated animat unless the term foreign is 
taken to mean not present in the circulation of that animal. It was early ob- 
served by Hektoen 3 that thyroglobulin would act as an antigen in the same 
species of animal from which the tissue was taken, and since then it has been 
found that lactating goats will produce antibody to their own casein and that 
lens protein is antigenic even in the same individual animal. It has long been 
known, too, that the serum of the viper will protect against the \cnom of that 
snake as efficiently as the best hyperimmune horse scrum It is definitely 
established, therefore, that an animal will produce antibody against certain 
antigens occurring ’ ’ 

and their corrcspo - ' . ■ ! * 

certain types of an „ . - . , , , 

general, iso-antibody titers are low. 

The Human Blood Groups . 4 It was discovered by Landstciner that human 
hloixl could l>c diuded into four immunological groups which represent the 
four possible combinations of two antigens present in the erythrocyte. The 
scrum contains antibody (agglutinin) for the absent antigens, antigen and 
corresponding antibody do not coexist in the same blood There are three sys- 
tems of nomenclature for these groups (sec table) of which the International 

* Well*' The Chemical /tijvcf* of Immunity. 2nd cxl Chemical Catalog Co . No* Ywl 
1929. 

*Cf. I own: Jour. Inf. I>.*.. 19J4. 5S.16S, 

* See the mint bv Ijoutit : Nature. 1944, 154 97. and ihe drtcuwion b> Wiener and 
Karmte - jour. Immunol , 1944. 49 51. 

* Land'ieiner. Wien Klin. Wch*chr., 1°01, 14 1132. 
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is by far the most widely used. Additional immunological factors are also 
known to be present and are responsible for a part of the observed transfusion 
incompatibilities; these can be avoided if donor and recipient blood are tested 
against one another as well as typed. These blood groups are inherited by 
IVIendeJian Jaw and for this reason arc of considerable interest in connection 
with the question of normal antibodies (p. 329) as well as Having some forensic 
utility in cases of disputed paternity, etc. Blood groups occur in lower animals 
as well as in man, as in the rat 0 and in cattle. 7 

Tlie Specificity of Antigens. Closely associated with the nature of anti- 
gens is the specificity of the immunological reactions. Not only docs a given 
antigen stimulate the formation of a specific antibody but it will react, either 
m vivo or in vitro, only with its own antibody or antibodies to closely related 
antigens. For example, the serum proteins of the higher animals, while highly 
specific for species, show cross reactions with the antibodies to the serum pro- 
teins of closely related species; human blood serum shows no immunological 
relationship to horse or rabbit serum but reacts to some degree with antisera 
prepared against the serum proteins of anthropoid apes and certain monkeys. 8 
Immunological differences between individuals of a single species are, of 
course, found in the human blood groups. The inheritance of blood groups and 
the correspondence of immunological relationships of species with generally 
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accepted zoological classifications are indicative of the fundamental signi icance 
of antigenic specificity. 0 . 

It should he noted, however, that, although the great majority or , 

substances are species-specific, certain antigens are found to occur in lSt ^" 
related organisms. Of these the more important are lens protein (actua ) ’• 
proteins, a and ft crystallin), which is common to a wide variety or ’ 

and an antigen known as Forssman antigen , heterophile antigen or, ess ^ 
quently, heterogenetic antigen. Heterophile antigen has been Sound 
organs of the guinea pig, horse, cat, dog, mouse, chicken, turtle an $ , 


6 Burhoe Pioc. Nat. Acad. Sci., 1947, 33:102. 

7 Singh: Indian Jour Vet. Set. Animal Husb , 1942, 12:12. immunity 

8 Such immunological relationships are discussed at length by Nutta 
and. Blood Relationship. Cambridge. 1904. 

See the review by Boyden: Physiol. Zool., 1942, 15.109. 
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virus invariably resulted in a frank case of the disease, diagnosable by ordinary 
clinical methods, it has become increasingly clear of late years that atypical 
abortive, and latent infections are very common and play an important part in 
the genesis of naturally acquired immunity. Even in so highly contagious a disease 
as measles, there is evidence to shoiv that not every susceptible child who is exposed 
to infection contracts the disease. 

Stocks ( 1028, 1930a, 6), in a series of careful analyses of the relevant data, showed 
that the morbidity figures for measles, for chicken-pox and for German measles are in- 
explicable except on the assumption of immunization in the absence of diagnosed disease, 
or of an effective inherited immunity. That the former factor is operative can be demon- 
fitrated by comparing, during any epidemic prevalence, the attack rate among children 
who have previously been intimately exposed to risk without contracting the disease with 
that among children who have previously been less intimately exposed. The natural history 
of these widely prevalent virus diseases, as developed by Stocks, presents striking analogies 
to the natural history of diphtheria or of scarlet fever. 

In other virus diseases the occurrence of atypical cases and of healthy carriers 
has obtained general recognition. Wickman (1907), for example, pointed out that 
it was impossible to account for the epidemiological behaviour of poliomyelitis 
without assuming the existence of latent and atypical infections ; and Stocks (1932), 
examining the figures of a series of outbreaks, calculated that the ratio of those 
developing latent immunizing infections to those developing clinical attacks of the 
disease was probably of the order of 100 to 1 or more. The same ratio was reached 
by Howe (1949) in the United States of America. 

Theso estimates, based on epidemiological data, have been largely corroborated 
by the finding of neutralizing antibodies in the general population 

Aycock and Kramer ( 1930a, b, e), using the highly susceptible monkey as a test animal, 
determined tho protective power of samples of serum obtained from convalescent cases 
and from normal persons. Some 90 per cent, of the former and just over 50 per cent 
of the latter showed protective antibodies in the serum. Similar tests were later carried 
out on normal persons, giving no history of poliomyelitis, living in another area of the 
United States. Of 21 adults, 18 showed neutralizing antibodies in their blood. Brodie 
(1932) recorded analogous findings in Montreal. In endemic areas infection occurs at a 
very early age. Hammon (1949), for instance, working on the Pacific island of Guam, 
was able to demonstrate the presence of neutralizing antibodies in infants during their 
first year of life, usually in the complete absence of apparent illness. 

If we accept the view that the presence of such antibodies indicates previous 
contact with the virus of poliomyelitis wc can hardly escape the corollary that 
mild atypical attacks, or a purely immunizing carrier infection, must be an exceed- 
ingly common event in this particular disease This conclusion is home out b) 
the finding of the virus m the throat or feces of a varying proportion of family 
contacts of cases of poliomyelitis, and of non-contacts during epidemic periods 
(see KImg et al 1912, Flexner et al 1913, Kling and Pettersson 1914, Flexner and 
Amoss 1919, L4p m e et al 1939, Brown el al. 1948, Howe 1949, Hammon 1919, 
Casey et al 1950) From the distribution of the virus in the child population oi 
Chicago, Casey, Fishbein, Schabel and Smith (1950) estimated that most children 
had been infected at least once by their 4th birthday, and 75 per cent, twice bj 


their 6th birthday . . . . , a Vftrv 

Yellow fever is another disease in which latent infections appear to be 7 
common. Serum protection tests in South America and West Africa have shown 
that in endemic areas, where clinical cases are infrequent and sporadic, a 0 
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species of fish, in some bacteria, such as certain of the paratyphoid and dysen- 
tery bacilli and pneumococci, and m '•mie varieties of maize. It is not present 
in the erythrocytes of any of these ammjls but is present in the red cells of 
the sheep, whose organs do not contain it It is not found in other organism' 
such as the pig, ox, rabbit, goose frog eel, man. pigeon and rat. This peculiar 
distribution among species has not been explained- 

Still other antigens which are common to, or closely related in, widely dif- 
ferent species are those which confer organ specificity. Possibly the immuno- 
logically related caseins mav be considered in this category but, further, anti- 
gens present in a given organ such as kidnev are similar to those in the same 
organ of a different species These hate been studied in some detail by Wiccb- 
sKy. 1 " The so called heavy proteins, isolated from disintegrated normal tissue 
by uhracentnfugation and thought bv some to represent mitochondria, hate 
been of interest in connection with the isolation of similar material from virus 
infected tissues which is believed to represent the infectious agent Immuno- 
logical studies on these substances bv T urth and Rabat , 11 and bv Hcnlc. 
Chambers and Grouped* have indicated that heavy proteins from various 
organs show three hinds of immunological specificity, namely, species specificity 
or immunological relation to other organs of the same animal, organ specificity, 
or immunological relation to the same organ of other species, and, finally, 
specificity for the organ of the one species Similarly, Bailey and his co-vvorhers ,s 
have reported finding orgjn spccificitv in nutrient media which was derived 
from the tissues used for the preparation of the infusion. It has been reported 
by some that organ -specific jntiscra aie specifically toxic for that organ, t.c.. 
nephrotoxic, etc , but the evidence is not altogether unequivocal. 

A number of antigens are common to different species of bacteria or to bac- 
teria and certain other organisms jnd vvill be discussed in the following chapter 
in connection with natural immunity 

The Chemical Bus)-* of Specificity. 1 * A large body of sound experi- 
mental evidence has established the fact that the specificity of antigens is de- 
termined by their chemical composition Earlv experimental investigation of a 
wide variety of antigenic proteins has shown that immunologically identical 
proteins arc, so far as can be determined, identical in composition; that anti- 
genic proteins differing from one another in composition arc also immuno 
logically distinct, and that antigens showing some degree of cross reaction are 
closely related in chemical structure. Conclusive evidence that immunological 
specificity is a property of certain atomic and moleail.tr arrangements has, how- 
ever, hern obtained through the study of altered specificity and artificial anti- 
gens. 

The specificity of an antigenic protein may l>c altered by heating, partial 
daiaturation. treatment with formaldehyde, etc., in such a way that part of the 
original specificity is lost but species specificity remains although somewhat 
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to remain latent m the tissue, ,mle M (he equilibrium is upset. Group 2. tamim!ty 
pennete but the virus doc, not. Example are .oiaWpo*. eScu-po*. ™"5 

fever and tl.e , meet-borne enccphal, tides. Group 3. Nether infection nor immunity 
persists Influenza, the common cold, and foot-and-mouth disease are typical imtances 
teraup Both infection and immunity pendst indefinitely, a, in the transmissible tumours 
ihe varying part played by active and jussive immunity in these different groups niff 
become evident during the course of this chapter. 


The Mechanism of Virus Infections. 

The general process of tissue invasion in virus diseases does not appear to 
differ in any essential way from that of bacterial infections. There would seem, 
in many diseases at least, to be the same sequence of local proliferation, blood- 
stream invasion and secondary foci of infection, each phase varying in prominence 
according to the virulence of the virus and the susceptibility or resistance of the host. 

Thus, Todd and White (1914) note that, when cattle are injected subcutaneously with 
a small dose of the virus of rinderpest, the blood usually remains non-infectire for 72 hoars, 
becoming infective coincidently with the onset of illness : and .Andrews and others (Report 
1931) report that the virus of foot-and-mouth disease does notappear in the blood of experi- 
mentally infected cattle until shortly before the commencement of the febrile reaction, 
though it may he present in high concentration some hours before the temperature begins 
to rise, or before vesicles appear. Tho virus then tends to persist in the blood throughout 
the febrile period, though the degree and persistence of blood-stream infection varies 
widely in different animals (see also Waldmann, Trauhrein and Ty\ 1931). In yellow 
fever, Hudson and Piuhp (1929) find that monkeys bitten by infected mosquitoes show 
the presence of virus ui their blood 1 to 2 days after infection, and at about the same interval 
before the onset of fever. 


In many diseases characterized by a skin eruption the infecting virus can be 
shown to be widely distributed throughout the body. Even in vaccinia, in which 
the obvious lesions arc commonly restricted to tlic site of inoculation into the skin, 
a vjrwniia may be present (Ohtawara 1922, Rivers and Tdlctt 1923, Gildcmciatet 
.md Hcuer 1927) , and, with highly potent strains, this may lead to a widespread 
eruption and to lesion* m the internal organs (Douglas, Smith and Price 1929) 
The careful studies of Fenner (1949a) on mouse-pox (ectromelia) and of Down*® 
(1951) on smallpox reveal a picture not unlike that of experimental mouse -typhoid 
infection (see p 2125). 


After gaining access to the body, the virus proihuis a small pi mini y lesion lit the site 
of lodgment, passes to the lymphatic nodes and thence to the blood stream, where it eauses 
a primary vinvmia. Progressive infection occurs of tells in the internal organ® till, t warns 
the end of the incubation period, the vnus overflows into tho blood stream prolucing 
a secondary vixamua At the beginning oi the cbmtal di,ease pocks appear on the skm, 
and antibody becomes detectable a fen days later 

In diseases affecting the nervous system, such as poliomyelitis anil encephalitis, 
it used to be thought that the virus remained strictly confined to the nervous 
tissues, gaining access to the central nervous system by way of the axis cylinders 
and diffusing by neural pathways through the brain and cord. Improved technical 
methods, however, have shown that, even m these diseases, a transient yiriem . 
may occur. In the insect-borne cncephalituies the virus appears to Md i tie 
nervous system from tho blood stream , ami in poliomyelitis it apparently o r . 
the blood from its site of primary lodgment before the central nervous h} 
olmou-ly affected (see Chapter 87) Experimental observation- on polio, lljoilt.s 
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methods and something of their nature is known. The polysaccharide haptencs 
referred to above are of very considerable immunological importance in mam, 
but not all, cases. The isolation of such substances is relatively simple, usually 
involving a primary alcohol precipitation from solution of the bacterial cell sub 
stance. The somatic antigens of the enteric bacilli, which appear to be identical 
with endotoxin in many cases, may be prepared by extraction of the intact 
cells with M/2 trichloracetic acid in the cold,- 3 by extraction of the intact cells 
with glycols such as diethylene glucol, 21 by fractionation of tryptic digests of 
the cells, 2 " 1 or by dissociation and extraction in 6 M urea.-’ 15 These substances 
may be precipitated from the crude extract by alcohol and further purified 
Though it has been indicated earlier that these substances are polysaccharide- 
lipid complexes, there is not complete agreement on this point. Preparations 
made by primary trichloracetic acid extraction do appear to be of this nature 
but those isolated by glycol extraction arc polysaccharidc-lipid-polypeptide com 
plexes. These may be dissociated and reconstituted in hot formamide solution 
and the polypeptide portion seems to be essential to antigenicity. Sharp separa- 
tion of the immunological specificity of the flagellar antigens has not been pos- 
sible by chemical means, but physical separation in which the flagella are 
broken off by shaking and separated from the cell proper by differential cen- 
trifugation has been accor c r • : ' 

protein in nature. In the 

protein” separated from • ’ , . » 

The immunological entities have not been separated in such preparations, 


however. 

The number of antigens that can enter into this mosaic in a single species 
is unknown, some Salmonella species have been found to contain seicn or 
eight separate antigens which differ from one another not only immunoog 
ically but also in their resistance to heat, alcohol and the like, and these an 
other bacteria will undoubtedly prove to be increasingly complex with furl « 
study. The number of antigens demonstrable by antigenic analysis (p 
of course, only a minimum since a given antigen remains an entity on ) 
long as possible components of it have not been found to occur sepa: rate ^ 
is of some interest that antigens co-existing in the same cell may not cequ , 
demonstrable. The species specificity observable in rough pneumococci,^ 
example, is present in the smooth forms but is masked by the pre 
type-specific antigens. Similar phenomena have been observed in 8 
of bacterial species. Conversion to varying degrees «'f roughness ma) ^ 
to light “new” antigens which, though presumably constantly P res ^ n j enC y 
been masked by the presence of other antigenic substances. There is a ^ 
to interpret such findings as indicating the relative position o antI ?^ X)5UI c 
stances within the cell, the peeling off of “outer” antigenic layers a . n * sSOin e- 
of secondary and tertiary layers of antigen within the cell. W ni e t ie^ ^ ^ 
thing to be said for this concept as a figurative mode of expression- j s 
pointed out that, aside from the fact that m some bacteria speci 


23 Boivin and Mesrobeanu- Rev. Immunol., 1935, 1:553. 

24 Morgan. Biochem. Jour., 1937, 31:2003. 

23 Raistrtck and Topley: Brit. Jour. Exp. Path., 193-4, J5 113. 

25 Walker: Biochem Jour., 1940,34:325. 
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to suggest that endotoxins, similar to those contained in certain bacteria may 
be produced by viruses. Rake and Jones (1944), for example, found that 
tbe lymphogranuloma, memngopneumonitis, and mouse pneumonitis viruses (see 
Chapter 85), when grown in the yolk sac of the developing chick embryo 
elaborated a thermolabile endotoxin capable on intravenous inoculation into mice 
of causing death in 4 to 24 hours (see also Manire and Meyer 1950). A similar toxic 
effect on mice, independent of multiplication of the virus, was observed by Henle 
and Henle (1916) after intracerebral inoculation of the virus of influenza. The 
development of tissue-culture techniques has shown that many viruses have a 
cytopathogcnic effect, causing degeneration and death of the cells in which they 
are multiplying. How far this is due to toxic action and how far to interference 
with the metabolism of the cells by competitive growth is not yet clear. In Burnet’s 
(1950) view the symptoms exhibited by patients suffering from virus diseases are 
clue not to toxins hut to soluble products derived from cell damage. 

In one instance, at least, namely the action of the influenza virus on the red 
cell, the so-called toxin can almost certainly be identified with an enzyme. The 
phenomenon of hcemngghiUmtion is described in Chapter 74 but, briefly, it is found 
that the influenza virus is able to agglutinate the red blood corpuscles of fowls 
and certain animals. It probably does this by becoming adsorbed on to the cells 
and forming a bridge between them. If the virus-cell mixture is kept at 37° C 
for a time, the virus, which is at first removed by the cells from the fluid, sooner 
or later begins to reappear. Simultaneously the cells cease to be agglutinated, 
and remain inagglutinable even by fresh virus, though the eluted virus itself is 
able to agglutinate fresh red cells. The experimental evidence suggests that the 
virus secretes an enzyme of the mucinase class which acts on a mucopolysaccharide 
receptor m the cell Much the same process occurs in the lung, except that, 
instead of being released from the cell, the virus enters and multiplies within it 
(see Hirst 1943, Burnet 1950). The ba?magglutinating effect of the influenza virus 
can be neutralized non-specifically by certain lipid substances present in normal 
serum as well as specifically by influenzal antiserum Numerous other viruses &tc 
known to cause haunagglutmation under appropriate conditions, though the mech- 
anism by v\ Inch they produce this effect is not always the same. In vaccinia, for 
example, the hrcmagglutimn is not the virus itself, hut a soluble product of it, 
containing a phospholipid component which is responsible for union with the 
surface of the red cell and which is destroyed by the lecithinase of Cl u'ekhii 
Type A — an enzyme that has no effect on hemagglutination by the influenza virus 
(Burnet 1946). 

Besides a hiemagglutinating action, a few viruses such as the virus of mumps 
and of Newcastle disease of fowls, are able to lyse the red cells of certain animals. 
Like the hiemagglutinin, the baemolysin can be adsorbed on to red blood corpuscles 
and its action neutralized by specific antiserum, though the two enzymes dmer m 
their heat stability and in other ways (see Morgan el al 1918, Chu and Morgan I95U) 


Antiviral Immunity. 

Before discussing the mechanism of antiviral immunity it will he convemen 
to consider briefly the ways in which such immunity may be induced ; since it 
held by many that, in this respect, there is a significant difference between t 
behaviour of the filtrabJe viruses and bacterial cells. 

-We have seen that active immunity is conferred 


Active Antiviral Immunity- 



Antibodies 285 

present in the capsule or flagella, there is no evidence of an immunological ge- 
ography in the bacterial cell. 

The demonstration of the occurrence of common antigens in heterologous 
bacteria may be interpreted in two ways. Thus it may be assumed that the iden- 
tical antigen, or at least its determinant portion, is shared. This is a common 
view and one for which there is a good deal of justification in many instances. 
It is believed by some, however, that the observed cross reactions arc at- 
tributable to the occurrence of similar determinant groups and the type of 
partial antigen-antibody reaction observed with artificial antigens. As jet there 
is no definitive evidence to substantiate cither view. 

ANTIBODIES 

The immunological response of an animal to the initial injection of an anti- 
genic substance is not immediate but after a suitable time interval or incuba- 
tion period is manifested as an alteration in the properties of the blood scrum 
with respect to the antigen An immune scrum, or antiserum, diiTcrs from nor- 
mal scrum in that it reacts, either in vivo or in vitro, with the homologous 
antigen. This property of immune scrum is a consequence of the presence 
of antibodies, substances which arc formed by the animal body in response to 
the presence of antigen in the tissues, and which combine specifically with the 
antigen. The antigen-antibody reaction is demonstrable in a number of ways, 
the particular technique cmplovcd depending upon the nature of the antigen. 
By such means five apparently different hinds of antibodies may be found, 
although, as will appear, these are probably but a single substance. They arc 
as follows: 

CO die antitoxins -^ antibodies formed in response to the injection of toxins 
which, when mixed with the homologous toxin, neutralize its poison- 
ous qualities, 

(2) the l) sins — antibodies which bring about a dissolution or lysis of bac- 
terial and other cells; 

(3) the opsonius — antibodies which sensitize bacterial cells in such a way 
that they are readily engulfed by the phagocytic cells, 

(4) the agglunnins — antibodies formed in response to the injection of bac- 
terial cell substance which, when mixed with the homologous micro- 
organism. immobilize the bacteria if they are motile, then aggregate, 
or agglutinate, the cells with the formation of clumps which settle out 
of suspension; 

(5) the prcnpitrns— jntilxxlics formed in response to the injection of anti 
gens which, when mixed with soluble antigen, aggregate the molecules 
with the formation of a precipitate. 

In addition to these five generally recognized kinds of antibodies, iwoothers 
max Ik* provisional!) added: 

({>' nblmfiftf— reproduction inhibiting antilxxhes which prevent the mu! 
tiplication (cell division) of the invading microorganism. 

(7) neutralizing mifiToihV*— antibodies which, when mixed and incubated 
with the infectious agent, generally a filterable virus, render it non- 
infective. 

Hie v anous antilxxhes maj Ik* considered briefl) one by one. 
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{<» By means of inactivated viruses. Numerous methods arc employed for the 
process of inactivation. Drying ivns used hy l’asteur in the preparation of his 
rabht-com vims against rallies (incidentally this method, like many others under 
this heading, is a combination of c anil d) ; formolization by Curasson and Delpv 
(192(1) and Dlmbney (1928) for cattle plague, hy Lnidlaw and Dunk-in (1928a, 4) 
for distemper, and in combination with heat for foot-and-mouth disease hy Wald- 
maim and his colleagues (1911-2) ; phenoliaatiou by Semple (19)2) for rabies and 
hy Todd (19286) for fowl plague , crystal violet for swine fever (see Doyle and 
Wright 1917); and ultraviolet irradiation for rabies, St. Louis encephalitis and 
other virus diseases (Levinson el at. 1915). Sometimes the immunizing effect is 
increased by adsorbing the inactivated virus on to alum, as in Waldmanids vaccine 
against foot-nnd-mmith disease (Waldmalm ft nl. 1911-2) ; sometimes an adjuvant 
is added, such as the mineral oil mixture used hy Salk, Bailey and Laurent (1952) 
for influenza vaccine. 


The degree of protection afforded hy inactivated vaccines varies considerably, 
and it is sometimes necessary or desirable to reinforce their immunizing action hy 
subsequent injections of living virus. The process of inactivation is not always 
easy to control, and with many vaccines a point is soon reached when not only 
the virulence but the antigenic potency of the virus is destroyed. If the processing 
is insufficient, then living active virus may survive, as happened with Kolmefs 
ricinoleate vaccine against poliomyelitis (see Chapter 87) : if the processing is too 
thorough, then the vaccine may he practically devoid of immunizing power. 

Whether an inactivated virus is a dead virus is very difficult to decide. A great 
deal of ambiguous evidence might be analysed without enabling us to arrive at 
a firm conclusion. Moreover, since the same agent in the same concentration may 
vary in its effect on two different viruses, it would be impossible to discuss this 
subject satisfactorily without reviewing the studies on a great number of viruses 
inactivated in different ways. 


W. Hcnle and (5. Hcnle (1947) found that the various activities of the influenza virus 
were affected at different rates by ultraviolet irradiation. The pro]>crtws were affected 
m the following order • (1) ability to propagate , (2) toxic action as tested by intravenous 
mix illation of white mice , (3) ability to elicit the interference phenomenon (see p 1430) 
and to inhibit the development of the cluck embryo ; (4) liremagglutinating capacity, 
and (G) complement -fixing activity. The immunizing power began to decrease before th<* 
IwmAgglutinnting power fell, but wan still appreciable after all the lueinagglutinating 
power bad been fo<t. 


There it plenty of i-viileiuT tu alum Mi.it many inactivated vaccines ill .vhich 
no living \ irui can he demonstrated by any available means are good immunizing 
agents , and tins is really as far ns sve can go. To attempt to pass beyond this 
,s to enter the realm of metaphysical speculation and to face the difficulty « 
defining the meaning of live and dead in relation to small particles of biologicall) 
active materia! (see Chapter 41). 

Passive Antiviral Immunity. -Turning to passive immunity, enough has ahead y 
been said to indicate that anti vi nil sera are at least as effective m affording pro 
tection against the homologous virus as is an antibacterial serum in pro g 
against the homologous bacterium It may he noted that, though ant, bacteria sera 
are commonly p repared by the immunization of some conveniently large annual 
usually the horse it has become the practice to prepare antiviral sera l» 
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Antitoxins. It was found by von Behring and Kitasato 27 in 1890 that 
the immunity of rabbits and mice which had been immunized against tetanus 
was associated with the ability of the blood serum to neutralize the toxic sub- 
stances produced by the tetanus bacillus. The substance in the serum tvhich 
neutralized the tetanus toxin was designated by these workers as antitoxin. 
Subsequent investigation has shown that the animal body forms antitoxins 
m response to the injection of a variety of antigenic poisons, not only those 
of bacterial origin such as diphtheria toxin, botulinus toxin and the like, but 
also against the phytotoxins and zootoxins (p. 206). 

The action of antitoxin may be directly demonstrated in the following way: 
if a fatal, or many times fatal, dose of toxin he mixed with an appropriate 
amount of antitoxic serum in vitro, the injection of the mixture into a suscepti' 
ble animal is wholly without injurious effect; the poisonous qualities of the 
toxin are nullified by the immune serum. The reaction is, like all other im- 
munological reactions, highly specific, and an antitoxin which neutralizes 
the homologous toxin is without effect on heterologous toxins. The nature of 
the effect of the antitoxin which renders a powerful toxin pharmacologically 
inert is unknown. 

The Toxin- Antitoxin Reaction. The combination of toxin and antitoxin does 
not necessitate the complete destruction of either component; neutral mixtures 
of toxin and antitoxin may be dissociated by treatment with hydrochloric acid, 
by freezing in the presence of phenol or tricresol and, to some extent, by simple 
dilution. In certain cases, e.g., pyocyaneus toxin and certain snake venoms, in 
which the toxin is more resistant to heat than the antitoxin, the latter may be 
selectively destroyed and the neutral mixture becomes toxic upon judicious 
heating. It appears, therefore, that a more or less loose combination of toxin 
and antitoxin takes place, the poisonous properties of the toxin being held in 
abeyance as long as the union persists. The rate of reaction between toxin 
and antitoxin, like the chemical reactions, is dependent upon temperature, 
concentration, character of the medium in which the reaction occurs, and sim- 
ilar factors. The avidity of an antitoxin for its corresponding toxin differs in 
different cases; the union between tetanus toxin and antitoxin, for examp e, 
take places less rapidly than that between diphtheria toxin and antitoxin 

An understanding of the precise character of the toxin-antitoxin reaction is 
dependent upon the interpretation of phenomena revealed by quantitatuc 
studies. It might be expected that a given quantity of antitoxin woul a 
neutralize a constant amount of toxin, that the neutralization would fo ow 
law of multiple proportions. This is, however, not the case, and it appears ^ 
the amount of antitoxin required to neutralize a given quantity ot 0X1 
dependent upon C«) the manner in which the two arc mixed with one ano 
and (b) the relation between toxicity and combining power m t c par 


filtrate under consideration. r t x j n 

\Xln the first instance it has been observed that when an excess 
is added to its specific antitoxin in several portions at proper tntena s ^ 
much more unneutralized toxin remains in the mixture than i t c sa ^ [( - s 

tity of toxin had been added to the same quantity of antitoxin at one 1 ^ 

is known as the Danvsz phenomenon. If. on the other ban , an 
2T von Behring and Kitasato. Dcut. med. Wchnschr., 1890, 16 111 3. 
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IVom tlio work of Salaman (1937) it seems clear that the neutralising antibody to 
vaccinia becomes filed to the virus particles themselves. Absorption with elementary 
bodies, but not with the soluble specific substance that takes part in the complement, 
fixation and precipitation tests, removed the virus-neutralizing bodies from a serom. 
The observations recorded above suggest that the neutralizing antibody does not lead 
directly to the death of the virus ; and the finding of virus and antibody together in the 
circulating blood or in growing tissue cultures in vaccinia (Smith 1929), ectromelia (Downie 
and McGaughcy 1035), and psittacosis (Bedson 1937) is additional evidence in favour of 
this view. The experiments of Andrewes (1929a, b) on Virus III and of Hirers, Haagen 
and Muckenfuss (1929a, b ) on vaccinia and herpes show that in tissue cultures the forma- 
tion of characteristic inclusion bodies can he prevented by the addition of immune serum 
to the cultures before the vims. This may be interpreted as meaning that the antibody 
interferes with the penetration of the cell by the virus, or that it so alters the virus as to 
prevent its multiplication when it reaches the interior of the cell. 

As with the antibodies acting on bacteria and their products, the antibodies 
in antiviral sera appear to lie confined to the globulin fractions. The earlv 
observations of Hartley (1914) on antiserum to cattle plague, of Henseval (1919) 
and Lerfingham, Morgan and I’etrie (1931) on vaccinial antiserum, of Maitland and 
Burbury (1927) on antiserum to foot-and-mouth disease, of Weyer, Park and 
Banzhaf (1929) and Morgan and Fairbrother (1930) on poliomyelitis antiserum, 
and of Laidlaw and Dunkin (1931) on distemper antiserum— all pointed to the close 
association of antibody with the serum globulin. There was some disagreement 
on the particular fraction of the globulin — euglobulin or pseudoglobulm — which 
was most active ; but the more recent work of Cohn in the United States of 
America and of Kekwick in this country leaves little doubt that the neutralizing 
antibody is concentrated mainly in the gamma globulin fraction (see Chapter 88). 

Non-specific Inactivating Agents . — Working with influenza virus Burnet and 
McCrea (1910) observed that normal ferret sera had quite a strong inhibitory 
action on hemagglutination and on the development of the virus both in eggs 
and in mice Ginsberg and Horsfall (1949b), like numerous other workers, extended 
this observation to the sera of man, rabbits, guinea-pigs and mice, and showed 
that the heat-labile component of the serum which was responsible for inhibiting 
hemagglutination also neutralized the inactivity not only of the influenza virus 
hut of the Newcastle disease and the mumps viruses as well Though the com- 
ponent was destroyed by heating to 56° C., there was no suggestion that it was 
the same as complement, because it did not act in conjunction with antibody, w 4 
complement does It seems probable that the inhibitory component is of lipid 
nature. 

Francis (19476) showed that many apparently normal sera contain a substance 
which inhibits hemagglutination by killed influenza B virus but not by living virus. 
Thus the apparent antibody titre of a scrum may be much higher agamst killed 
than agamst living virus- an effect referred to a- the Fiaucis phenomenon (see 

Chapter 74). . . 

Another non-specific inactivating agent, of more limited scope, is found m certain 
polysaccharides Green and Woolley (1947) noticed that apple pcctm, gam acaeia, 
and flaxseed mucilage inhibited the agglutination of chicken red cells liy influenza i 
v,rm, and that apple pectin interfered with the multiplication of the virus in fer . 
eggs Ginsberg, Goebel and Horsfall (1948) showed that the polysaccl.ar * 
extracted from Friedlander’s bacillus inhibited the growth of mumps virus m tn 
allantoic sac of the cluck embryo. As little as fi /igin. was effective le grow 
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added to toxin in successive equal portions, it may be shown that, in genera), 
the first portion of antitoxin neutralizes a greater portion of the toxin than the 
second, the second a greater than the third, etc. In the second case it has 
been found that there is no constant relationship between toxicity and com- 
bining power of a toxic filtrate; toxicity slowly diminishes upon storage but 


SuclTaltcred toxin, which retains its antigenicity unchanged in addition to its 
combining powers, is designated as toxoid and, when prepared by treatment 
with formaldehyde, forrnol toxoul or antitoxin. The proportions of toxin and 
toxoid in a given filtrate are variable. Consequently there is no fixed relation 
between toxicity and power to combine with antitoxin; the MLDs neutralized 
by a unit quantity of antitoxin may vary from one filtrate to another or m the 
same filtrate at different times from 30 to 130. 

Three theoretical explanations of the toxin antitoxin reaction have been 
advanced. They are known by the names of their proponents, Ehrlich 
Arrhenius and Madsen, and Bordet and Landsteincr. 

According to Ehrlich the reaction is purely chemical and essentially similar 
to the neutralization of a strong acid by a strong base. The combining proper- 
ties of toxin and antitoxin would, therefore, be a manifestation of primary 
valencies. This concept is, however, not compatible with the observed behavior 
of toxin and antitoxin in mixture, the Danysz phenomenon, for instance, 
suggests that if the neutralization proceeds according to Ehrlich, the reacting 
substances arc not homogeneous but consist of mixtures of substances with 
varying affinities for one another. On the basis of his studies on diphtheria 
toxin, Ehrlich postulated a scries of components of toxin which differed from 
one another both in their avidity for antitoxin and in their toxicity. 

Arrhenius and Madsen preferred to regard the toxin-antitoxin comhina 
lion as essentially 
weak acid by a we. 
is attractive in ma t ,■ 

toxin-antitoxin reaction. Simple dilution of a neutral mixture, for example, 
docs not result in tbc degree of dissociation that this theory calls for As a 
consequence of this and certain other discrepancies, the theory of Arrhenius 
and Madsen, is, like the theory of Ehrlich, not generally accepted at the present 
time. 

A third concept, proposed by Bordet and strongly supjxirtcd bv Land- 
steiner, is that of the toxin-antitoxin reaction as an adsorption phcnomcnortr' 
essentially physico-chemical in nature and arising as a consequence of inter 
molecular forces (secondary valencies). The varying degrees of toxicitv apjvir 
ent in the neutralization of toxin may be regarded as due to differences in 
completion of saturation of the individual toxic units, a process that may He 
compared to certain staining reactions such as the action of iodine upon 
st3rch, a dilute iodine solution producing a light blue tinge, a stronger solu 
tion a deep blue. This adsorption theory would view the action of antitoxin 
upon toxin as a sort of progressive attenuation, proportional to the amount of 
antitoxin added. The evidence for such a mechanism, not onlv in the toxin- 
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ovaries among tho females. Thus we find the highest frequencies in those tissues for which 
vaccinia virus is known to have a special affinity and in those organs-lungs liver spleen 
and adrenals which are primarily concerned in freeing the blood stream from inanimate 
foreign particles or from bacteria. 

According to Flexner and Amoss (1914), the injection of poliomyelitis virus into the 
veins of monkeys — a route that does not commonly lead to the production of the typical 
disease is followed by the prompt deposition of the virus in the spleen and bone marrow, 
but not in the kidneys. Galloway (Report 1931) recorded a few experiments in which 
the infectivity of various organs was determined 24-48 hours after the injection of foot- 
and-mouth virus into the pad of the guinea-pig’s foot. The concentration of virus was 
highest in tho blood ; the spleen, liver and lungs contained virus in detectable amount, 
though the mesenteric glands, ovary, testis and muscles did not. In dog distemper (Laidlaw 
and Dunkin 1928a, 6), organs rich in reticulo endothelial cells, such as the spleen, show 
a high virus content. Valuable observations on the distribution of the mouse-pox virus 
in the tissues of experimentally infected animals at different stages of the disease were 
mado by Fenner (1949a), whoso scries of papers will well repay study. 

A review of the available data appears to justify the following conclusions. 
Where the virus concerned has an affinity for some special tissue in which it causes 
its characteristic lesions, it will, naturally enough, be found in the greatest con- 
centration in those lesions or in their immediate neighbourhood. Thus we find 
vaccinia virus in the highest concentration in the lymph of the pustules, the virus 
of foot-and-mouth disease in the fluid of the vesicles, the virus of rabies, or of 
poliomyelitis, or of Borna disease, in the central nervous system, and so on ; but 
even in these diseases the other tissues in which the virus is most frequently present, 
if we except the blood, are those concerned in the normal clearing mechanism— 
the spleen, liver, lungs, bone marrow or adrenals. In generalised infections, in 
which localization in the skin or nervous system is not a feature of the disease, the 
reticulo-endothelial tissues frequently show the highest virus content. 

The blood we must consider in rather more detail. That the virus may often 
be demonstrated in blood withdrawn during the febrile stage of illness, or even 
at other times, we have already seen ; but many of the results recorded, particularly 
in the later stages of experimental infections, have been curiously irregular. It 
would appear that these irregularities have been due in part to the fact that the 
virus is often present in the cellular elements — particularly in the leucocytes 
rather than in the plasma, and that viricidal antibodies may appear in the plasma, 
while virus is present in the cells. 


As long ago as 1899 Kolle showed that the infective agent m the citrated blood of 
an animal suffering from cattle plague was readily removed by centrifugation. The 
supernatant plasma was non-infective ; the deposit, containing tho blood cells, infective 
to a high degree. Todd and White (1914) studied this phenomenon in greater detail 
and showed that the virus was mainly associated with the leucocytes, and Schein (I ) 
and Daubney (1928) recorded similar findings. Russ (1906) (see also Landsteiner an 
Russ 1906) found that the virus of fowl plague was present in greater amount in the ce 
constituents of the blood than in the plasma, and Todd (1928a) showed that the >c ' ■ 
centration was highest in the leucocytic layer, though Doerr and Gold (103.) rec 
experiments which they interpreted as indicating an adsorption of tho virus by the red cem. 

Smith (1929) made a careful study of this problem in experimental « n 1 

rabbit. Comparing the infectivity of the whole blood, the plasma, and tho 
of cells during the early days of a generalized infection he ^ 
were most infective, and the plasma non-infective. By fractional ste d 

possible to show that the red cells played no part in fixing the virus. The res o8 
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antitoxin reaction but in antigen-antibody reactions in general is very strong 
indeed, and it is generally regarded as highly probable that these reactions are 
essentially physico-chemical in nature. This view of the immunological rea'c- 
tions will be considered at greater length in a later section. 

The Standardization of Antitoxins. The quantitative evaluation of the toxin- 
neutralizing capacity of antitoxic sera is clearly a matter of considerable prac- 
tical as well as theoretical importance. Ehrlich originally proposed as the 
standard unit of diphtheriaantitoxin that amount which would just neutralize 
100 guinea pig MLD’s of toxin. As indicated above, however, variability in the 
relation of toxicity to combining power invalidates any standard based on 
toxicity; in other words, the c ombining power of a to xin is not a measure of i ts 
toxic qualities. On the other hand, since the combining power of a toxic filtrate 
remains constant within narrow limits, it is possible to establish an arbitrary 
standard unit upon which the relative strength of all antitoxic sera can be based. 
Such a standard diphtheria antitoxin was first prepared by Ehr lich and wa s 
preserved by him with all precautions against possible deterioration. A standard 
antitoxic serum based on Ehrlich s arbitrary standard unit is also prepared in 
this country by the National Institute of Health of the United States Public 
Health Service, and is distributed every two months to the licensed producers 
of commercial serum. The unit is international, standard sera being tested from 
time to time by the Biological Standardization Commission of the League of 
Nations. 28 

Three methods are used in the titratio n of diphtheria toxin and antitoxin. 
The first of these is the classic method of Ehrlich in which two limits (Tat., 
/imes) are determined by guinea pig inoculation, ^hese are the L-ff dose of 
toxin, which is defined as tha - \ ~ 3 l "' the standa rd 

u nitjof antitox in, and the L-f- ■ _ when mixed 

with one unit of standard ant ' four days a 

guinea pig approximately 250 grams in weight. With these limits established, 
the serum to be standardized is mixed with the toxin just titrated, and the 
largest amount of serum which, when mixed with the L-f- dose of toxin, vmj 
produce a 100 per cent mortality in the inoculated guinea pigs is considcre 
to contain one unit of diphtheria antitoxin. , 

A second method is based upon the observation that the intradermal injec 
non of 1/250 to 1/500 MLD of diphtheria toxin into a guinea pig is followed 
by a local reaction, swelling and erythema and, with slightly larger amounts o 
toxin, necrosis, a phenomenon sometimes called the Homer reaction. £sy 
use of such intradermal inoculations an Lr dose of toxin may be determine , 
i.c., that amount of toxin which, when mixed with one standard unit o an 
toxin, will produce the minimal shin reaction. The serum to be stan ar ize i 
mixed in varying amounts with Lr doses of toxin, and that amount o 8e 
which gives the minimal shin reaction is considered to contain one unU °. , 
toxin. 2 ® This method has the advantage of allowing the testing of a nU ™ , , 
toxin-antitoxin mixtures in one animal but has not displaced tec assic 
in common usage. , . -wWm- 

The third method makes use of the Rmuonjoc^ilotknr, the m Vitro p p 

Cf. Amer. Jour. Public Health, 1935, 25:712. 

29 Glenny and Allen: Jour. Path, and Bad., 1921, 24 61 
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be understood that, when we use the term “ cells ” in relation to viruses we are 
generally referring not to the retieulo-endothelial cells of the body, which are 
so active in antibacterial immunity, but to the particular cells invaded by the 
virus. The retieulo-endothelial system, ns we have just seen, undoubtedly acts 
in conjunction with neutralizing antibodies to dispose of certain types of virus; 
but when we speak of cellular immunity in virus diseases we have in mind an 
entirely different mechanism, namely the resistance of normally susceptible cells 
to invasion by active virus particles. We know’ that neutralizing antibodies, if 
mixed with virus before inoculation, or if injected into an animal before the virus, 
are capable under suitable conditions of preventing infection. Even, however, in 
virus infections in which a strong neutralizing antibody can be obtained the available 
evidence suggests that inactivation of the virus can occur only cxtTacellulariy. 
Once the virus has penetrated the cell, it seems to be adequately shielded from the 
antibody. When, as in the prophylaxis of measles, the antibody roaches the 
majority of the susceptible cells before the virus, the virus may be neutralized either 
oil the surface of the cell or in its immediate vicinity ; but if the serum is given 
too late, after the virus 1ms penetrated the cells, it is almost or completely without 
effect Again in smallpox, as Downic (1951) showed, neutralizing antibody develop- 
ing within a few days of the onset of the disease has no power to prevent the 
maturation of the skin lesions, because the virus is already protected by virtue 
of its intracellular position. In fact, patients may die in the pustular stage of the 
disease having a high titre of antibody in the serum, in much the same way as a 
horse used for the production of antiserum against tetanus will die if the toxin 
is injected directly into the brain where it is inaccessible to the serum antibody 
(For further studies on the protective effect of the cell on viruses, see Perdrau and 


Todd 1936 ) 

Though neutralizing antibodies, if appearing naturally during the course of the 
disease or given artificially after the cells have become infected, may be unable 
to hinder the development of the lesions, there is good reason to believe that the 
degree of immunity after recovery is closely related to the persistence of these 
antibodies As Beveridge (1952) points out, the diseases belonging to Francis’ 
Group 2 (see p. 1415), such as smallpox, yellow fever and the insect-borne encephab 
itides, are systemic diseases characterized by the development of neutralizing anti- 
bodies which persist in the circulation, often for years. Another feature of this 
group of diseases is that they are caused by only one antigenic type of vims. 
Francis' Group 3, on the other hand, comprises diseases such as (a) influenza, 
poliomyelitis and foot-and-mouth disease, in which there is more than one antigenic 
type of virus, so that neutralizing antibodies developed against one type do not 
protect against infection with a different type, and (b) herpes febril.s in which the 
lesions are restricted largely to the surface of a mucous membrane where there is 
little neutralizing antibody available In neither of these groups is there any neea 
for predicating the existence of a specific cellular immunity to explain the free 

or otherwise from second attacks. . , irmnho- 

mat about Francis' Group 1, however, of whirl, p.ttacos.s ano 
granuloma are the outstandmg samples ? In these <1, teases he v.r» taF”* 
m the tissues for a long time, recrudescences may occur at ■«>£** 

immunity develops It is significant that m tins group neutrata^ant.^^ 
except perhaps in very low t.tre, cannot be demonstratei Why tb» MM 
so, it is impossible to say , but it may be remarked that these viruses a 
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tion of toxin and antitoxin when mixed in optimal proportions. 30 Standard 
antitoxin is mixed with varying quantities of toxin, and the tube Erst, i.e.,/n 
time, showing precipitation contains one Lf dose of toxin. Varying amounts 
of the scrum to be standardized are mixed with the Lf dose of toxin. The 
amount of serum in the tube first showing flocculation in this second series is 
considered to contain one unit of antitoxin. This method differs from the 
other two in that it depends upon the combining power of a toxic filtrate 
rather than on toxicity. It is generally used, not as a final method of standard* 
ization, but as a preliminary to standardization by the Ehrlich method, 
v--''' The interrelationships of these limits are of some interest. The L+ dose is, 
of course, larger than the dose, and, because of the peculiarities of the 
toxin-antitoxin reaction, by considerably more than one MLD. The Lr dose 
approximates the L<j dose as might be expected in view of the small amount 
of toxin required to elicit the skin reaction. The Lf dose is generally somewhat 
less than any of these, since it is a measure of combining power rather than 
toxicity and is unaffected by differences in the proportions of toxin and toxoid. 
It would appear that the Lf/Lr ratio- should be the same for a given toxic 
filtrate immediately upon standardization. It has been found, however, that this 
ratio differs with different antitoxic sera. This appears to be a consequence 
of differences in avidity, not of hypothetical toxin components as suggested by 
Ehrlich, but of «intibod\>-Thc avidity of antitoxic sera is associated with the 
protein fraction containing the antibody; successive globulin fractions differ 
from one another in avidity (sec also p. 314), 

The Bactericidal Substance*-— Lypin*. It was early shown by Nuttall 51 
that fresh, defibrinated animal blood is markedly bactericidal. This property, 
also possessed by cell-free scrum, was found to be heat-labile and destroyed by 
holding at a temperature of 55° to 56° C. for thirty minutes. Such heated sera 
arc said to be inactivated. The blood or scrum from a single animal species is 
not equally active on all species of bacteria and, conversely, a given bacterial 
species is affected to varying degrees by the blood of different animal species. 
It was suggested by Buchner that the natural resistance of an animal to infec- 
tion could be explained in part by this bactericidal quality of the blood, and he 
proposed the name nlcxin (Gr., to ward off) for the heat-labile activity. 

Although this bactericidal activity of the blood and scrum of normal ani- 
mals is frequently specifically increased by immunization, such an increase docs 
not invariably accompany the development of the immune state. The serum 
of guinea pigs immunized with Vibrio victchnikovii is strongly germicidal for 
that microorganism, while that of unimmunized guinea pigs is devoid of 
specific bactericidal quality. On the other band, immunization with streptococci, 
while producing a specific resistance to infection with the bacterium, fre- 
quently fails to induce an increased, specific germicidal activ ity. 

Pfeiffer Phenomenon. The kictcricidal effect is, in some instances, accom- 
panied by visible dissolution of the bacteria! cells. The course of events fol- 
lowing the intrvxhictinn of cholera vibrios into the peritoneal cavity of an im- 
munized .minnl was followed micmscopicnilv In PfcifFer 32 and Ucscril>ed by 

M Hjiuon Gunpt. Rend S« 0*4 . 1922. gr, (/,\. 71 1. 813. 

*» Nutt ill fttchr. f IIir. IRS';. 4 

»rfcifTcr and I.wdT Zwrhr. f. IIir. 17 J55. 
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antibody response to a non-specific stimulus » as recorded by Horsfall and Cumen (19461 
in mice latently infected with the pneumonitis virus and injected intranasally with a 
suspension of normal chick embryo. 


Interference Phenomenon.— Though most of the phenomena of immunity in 
virus diseases can lie explained on the basis of humoral antibodies, experimental 
observations in the laboratory, made first by Hoskins (1935) and later by Findlay 
and MacCalluiu (1937) and a host of other workers, have shown that a form of 
cellular resistance may lie induced by certain special procedures. It was found that 
monkeys inoculated with a pantropic strain of yellow fever virus died ; but that 
if neurotropic virus, which is not normally fatal, was injected at the same time, 
the animals survived. Since the precocious development of antibodies seemed 
to be ruled out, the explanation offered was that the neurotropic variant occupied 
a proportion of the cells that would normally have been invaded by the pantropic 
virus and so prevented them from being infected by this fatal form of the virus. 

Numerous other examples of this interference phenomenon, as it is now called, 
might be quoted. References will be found in the review' by Henle (1950). In 
some instances the phenomenon can be reproduced by an attenuated virus, as in 
the protection of dogs against- distemper by the injection of a distempcroid virus 
(Green an d Stulberg 1916) ; sometimes by another virus of the same group , as in 
the inhibition of growth of the psittacosis virus in the fertile egg by previous 
injection of the virus of mcmngo-pncumonitjs (Golub and Wagner 1918); some- 
times by another virus of a different group, as in the ability of a non-neurotropic 
influenza virus injected intracercbrally to protect mice against subsequent infection 
with the virus of Western equine encephalomyelitis (Vilches and Hirst 1947) ; and 
bometimes by the same virus after inactivation (sec Isaacs and Edncy 1950) In 
.some instances the protecting virus has to he injected into the same tissue as the 
test virus : m others the two viruses may he injected into different tissues. The 
interference phenomenon may likewise be called upon to explain the difficulty of 
demonstrating by infectivity tests small numbers of living virus particles in the 
presence of large quantities of dead virus (Andrcwes and Elford 1917). 

Immunity of this type, in which a cell already occupied by a virus is resistant 
to infection by other particles of the same or nearly related virus, may perhaps he 
referred to ns pre-emptive immunity— a term suggested by Dr. C. H. Andrews 
We know that such an immunity occurs in plants and in the developing chick 
embryo, in which humoral antibodies have never yet been demonstrated; and 
there is increasing evidence that it plays a part in the defence of the host against 
some of the animal virus infections It must be made clear, however, that the 
phenomenon occurs only under special conditions and that it is by no means 
universal. 


Syverton and Berry (1947), for example, working with virus-induced tumours, were 
able to infect cells with tw o viruses at the same time. Thus the cornea of the rabbit couw 
be infected simultaneously with vaccinia and with herpes virus, as shown by t ie present 
of cytoplasmic and intranuclear inclusion bodies in the same cells. Incidents y, as 1 
authors point out, the isolation of a given virus from a tissue or tumour does not necessarily 
prove that tins virus was responsible for the lesions observed. 

The mechanism of the interference phenomenon in virus infection n clearly 
independent of any specific response of the host cell to the antigens of the Mocking 
virus, since the blocking and the Hocked vims are m many instances antigenic 1 
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him in detail. The vibrios first lose their motility, then swell up and crumble 
into small fragments. The dissolution of the fragments follows, and no trace 
of the bacterial cell remains visible. This action of the body fluids is attributable 
to the presence of an antibody termed a lysin (Gr., to loose, dissolve), ft 
occurs not only within the peritoneal cavity of an immunized animal, but also 
when the peritoneal fluid or blood serum is removed from the body and 
brought immediately in contact with the bacteria in vitro. The lytic activity 
of bactericidal sera in vitro is beat-labile and the process of lysis appears to be 
essentially identical with that observed in vivo. 

Visible lysis of bacterial cells, however, does not invariably accompany 
the lethal activity of a bactericidal serum. In fact, the majority of bacteria 
are not dissolved by immune sera in the manner described above. This is 
not to be taken to indicate that the processes are fundamentally different; 
not only are many bacteria highly resistant to visible structural alterations, 
viz., the lack of sensitivity to wide variations in osmotic pressure, mechan- 
ical pressure, etc., but, as will appear, the antigen-antibody reaction takes 
place in two stages, the first the union of antigen and antibody and the 
second the visible consequences of that union. Whether or not dissolution 
of the bacterial cells occurs, it may be readily shown that they unite with 
the lysins. 

Hemolysis. The lysis of bacteria by an immune serum is not a unique 
reaction in which only bacterial cells may play a part; bacteriolysis is, rather, 
a special case of a genera! phenomenon, for immunization with a variety of 
cells results in the production of cytolytic sera. Of these , eiythrocytes have 
been bv far the most widely studied, for the lysis of these cells, hemolysis, 
is readily apparent in the test tube; the red opacity of the cell suspension 
changes to the clear red solution of hemoglobin as lysis proceeds. The stroma 
is not dissolved hut, upon examination, appears misshapen. First demon- 
strated by Bordet , 33 hemolysis has been particularly useful not only as a type 
of Ivtic reaction peculiarly suitable for laboratory manipulation, but also as 
an indicator of antigen-antibody combination when risible lysis does not or 
cannot take place. It may be noted that the immune hemolysins, i.C., those 
formed by the animal body in response to the injection of erythrocytes, are 
to be distinguished from the filterable hemolysins formed by bacteria (p. 
2 . 06 ). . 

Antisera have been prepared against a variety of other cells. The injection 
of spermatozoa leads to the appearance, in the serum of the inoc ate 
animal, of a spermatoxic substance that first renders the. correspon ng 
spermatozoa motionless and then kills them. A number of similar cytoy c 
sera have been prepared — “nephrotoxic” sera by the injection of kidney ce.s, 
“hepatotoxic” sera by the injection of liver cells, etc., but the organ spect tci . 
claimed for these last has not been satisfactorily demonstrated. 

The Mechanism of the lytic Reaction. An observation contributing m 
large measure to a partial understanding of the mechanism of the action o 
immune lysin was that lytic or bactericidal activity could be comp 
restored to an inactiviated serum by the addition of a small amoun o ^ 
unheated serum, either normal or immune. It appears, there ore, 

$ 3 Bordet: Ann Inst. Pasteur, ]898, 12:688, 
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after infection It had no direct action on the two viruses in r ilro, and did not 
affect their absorption by the host tisanes; and it did not affect the influenza 
and Newcastle viruses. The presumption that it blocked a metabolic system 
m the host cell which was used only by the pneumonitis and mumps viruses was 
borne out by the demonstration of interference of the pneumonitis by the mumps 
virus and of no interference of influenza or Newcastle disease viruses by mumps 
or pneumonitis virus, and vice verse The influenza and Non castle disease viruses 
winch interfered reciprocally with one another, evidently depend in common on 
a single metabolic system in the host cells that is insusceptible to the Friedljnder 
polysaccharide (Horsfall and McCarty 1047, Ginsberg el al 1018, Ginsberg and 
Horsfall 1949«). 

Closely allied to the interference phenomenon is what Beveridge (1950) called 
the excessive dose effect* Mauy instances can he quoted of virus diseases in which 
a small dose of living virus gives rise to a severer reaction than a large dose. For 
a discussion of the possible explanation of this effect, reference should be made 
to Beveridge’s article. 

Allergy in Virus Diseases. 

The characteristic response to reinoculation with vaccinia virus affords one of 
the classical examples of an allergic reaction. The typical sequence of events 
after a successful primary inoculation commences with an incubation period lasting 
about 3 days, followed by the appearance of papules at the sites of inoculation on 
about the 4th day. These develop into compound vesicles during the next 5 days, 
become definitely pustular about the 10th day, and heal by the well-known scabbing 
process between the 14th and 21st days. If a person who has been successfully 
vaccinated is again injected with calf lymph during the period of waning immunity, 
but before he has again become fully susceptible, the most noticeable feature in 
the local reaction is an acceleration of all stages. The papules appear earlier, 
sometimes within 24 hours ; and vesiculafcion and pustuJation, when they occur, 
are in evidence at a far earlier period than after primary vaccination. Very fre- 
quently, however, the reaction ceases at the papular stage, and this may be so 
transitory as to be missed unless daily examinations are made. In any case, the 
induration round the papules or vesicles is usually far less marked after a secondary 
than after a primary vaccination, and the constitutional symptoms are slighter. 
We have, in fact, the typical allergic combination of accelerated response with 
localization of infection. It is known that in previously vaccinated persons the 
so-called immediate reaction, reaching its maximum within 72 hours, can be pro- 
duced by heated vaccine as well as by Jive vaccine (see Andervont and Rosenau 
1930, Broom 1947), whereas it does not occur m unvaccinated persons unless they 
have suffered from smallpox. There is reason, therefore, to regard it as an allergic 
response. An increased reactivity of the skin to injection with live or inactivate 
virus can be demonstrated in persons or animals that have recovered from a vane } 
of other virus diseases, such as psittacosis, lymphogranuloma, influenza, mumps 
and swine fever. , . ,, v 

In general, the more recent the infection, the stronger is the degree ot wiew- 
This fact leads to the question whether allergy is merely an indicator of immuni J, 
or is actually an integral part of it. Without entering into a discussion ® 
topic here (see pp. 1331 and 1522), it may he remarked that Beveridge 
would regard the allergic condition as part and parcel of immunity n ,s ' 
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lytic reaction is a consequence of the interaction of three components, rather 
than two as in the case of the toxin-antitoxin reaction. One of these is clearly 
an immune body, i.e., is formed in response to the injection of the antigen, 
and another, the heat-labile component present in normal as well as immune 
serum. The third component is, of course, the antigen. 

The heat-labile component was termed alexin by Buchner, 31 as indicated 
above, and renamed complement by Ehrlich. The immune body or anti- 
body was called substance sensibilisatrice or sensitizer by Bordet and ambo- 
ceptor by Ehrlich. The relation between these components may be expressed 
in tabular form for a hemolytic system 

erythrocytes + unheated immune serum >=> hemolysis 
(antigen) (complement or alexin 
+ amboceptor or sen- 
sitizer) 

erythrocytes + heated immune serum ” no hemolysis 
(antigen) (amboceptor or sensiti- 
. zer) 

crythrocy tes + heated immune serum -f- unheated normal serum — hemolysis 
(antigen) (amboceptor or sen- (complement or alexin) 
sitizer) 

These components react with one another, not at random but in an orderly 
manner, the union between antigen and amboceptor must precede the reac- 
tion with complement. Complement docs not combine with antigen in the 
absence of amboceptor, but antigen and amboceptor mil unite regardless 
of the presence of complement. Tliis may be demonstrated directly by using 
mixtures of only two components or in the presence of all three by holding 
the mixture at 0° C.; the antigen-amboceptor union readily talcs place at 
this temperature, but complement unites only slowly and may be demon- 
strated in the supernatant following centrifugation. 

According to Ehrlich, complement acts upon the antigen only indirectly 
through the amboceptor, the last functioning as a bridge between the first 
two. In this connection it is of interest that colloidal silicic add may act 
as a senstitizing 3gcnt in the lysis of red cells. The evidence does not require 
that the action of complement be indirect in this way, it is established 
only that the antigen must lie sensitized by the antibody before union with 
complement can occur. According to Bordet the union is in the nature of a 
specific adsorption, the sensitized antigen being rendered susceptible to the 
lytic action of the complement. Tor example, it is well known that tjnnicacid 
will act as a sensitizer, and treated erythrocytes arc lysed in the presence of 
complement. The cudcncc, which cannot lie considered at length here, 
strongly supports this \icw. In consequence it is generally admitted that the 
terms alexin and sensitizer arc preferable to complement and amlaoccptor, 
although the latter remain in common usage. Quantitatixc studies by HcidcJ- 
berger 3nd his co-workers 13 base shown that under ordinary circumstances 
*' Buchner originally u«x! the term alexin to designate the entire bactericidal action 
of the bli'xl serum, alexin wax later u'e! !»> Bordet for the heat labile jubilance alone; 
and it the prevent time alexin « regarded at jxnonvnv'Ot with complement. 

** HchlelberReT Jour. Fl'p. Med, 1931, 73*51. Heidelbcrger. Weil and Trrfferj. ibid, 
PH. 73*95. liridelherKer. IWhaeSdra and Mate*: iW.. 1911. 74 359. 
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in deciding whether tonsillectomy predisposes to an attack of the disease or merely to the 
bulbar form of it, but doubtless suitable studies will show before Jong which is correct. 

Numerous observations are on record to show that paralysis may follow shortly after 
certain prophylactic injections, particularly of vaccines such as combined diphtheria 
and pertussis vaccine alum precipitated. Paralysis usually develops within 3 weeks and 
affects first of all the injected limb. Here again, whether the vaccine predisposes to an 
attack of poliomyelitis or merely to the localization of paralysis at the site of injection is 
not clear, though the evidence points towards the former (see McCloskcy 1950, Hill and 
Knowelden 1950), 

The effect of nutrition on altering resistance to virus infection is very imperfectly under- 
stood. The general impression that infantile paralysis picks out the healthiest and best 
fed children may have nothing to do with nutrition as such, but may be associated with 
the hygienic conditions which tend to prevent the better housed social classes from suffering 
from latent or subclinical infections at an early age. The part played by various nutritional 
deficiencies was summarized in an article by Findlay (1948), which deals also with the 
effect of other non-specific factors on resistance to virus disease. (See also p. 1374,) 

An interesting example of activation of the virus of mouse hepatitis by Eperytkrozoon 
tntiris is recorded by Andrewes and his colleagues. So far none of the viruses with the 
exception of those of tlio lymphogranuloma-psittacosis group, have provedamenablc 
to treatment with chemotherapeutic or antibiotic agents (see Hurst 1953). 

Useful reviews, which have been freely drawn on in the writing of this chapter, 
have been published by Bedson (1937), Burnet, Keogh and Lush (1937), Andrewes 
(1939, 1952), Rivers (1943), Francis (1947a), Fenner (1919a), Hammon (1949). 
bowme (1951), Beveridge (1952), and Wilson Smith (1953). 


SUMMARY 

It is perhaps a fair summary of the evidence presented in this chapter to suggest 
that it is compatible with the view that there is no essential difference between 
the mechanisms concerned in antiviral and antibacterial immunity. It would 
appear that neutralizing antibodies play a greater part and phagocytosis a smaller 
part in the defence of the body against viruses than against bacteria. In so far as 
immunity to virus infections is more effective than immunity to bacterial invasion, 
the difference may be due rather to the greater limitations imposed on the virus 
by its habit of intracellular parasitism than to any special reaction on the part of 
the host. 
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about seven molecules of complement are required for each molecule of 
antibody, but in very dilute solution the ratio may approach unity. These 
workers believe that complement exists in a loose union with antibody but 
is tightly bound in the antigen-antibody complex. 

The Netsser-Wechsberg Phenomenon ( Complement Deviation ). It was 
observed by Neisser and Wechsberg that when varying amounts of immune 
serum (amboceptor) are added to constant amounts of normal serum (com- 
plement) and antigen, there is, as might be expected, no lysis with very 
small amounts of amboceptor, but as larger amounts are added, lysis takes 
place. When, however, amboceptor is added in considerable excess, lysis 
again fails to take place. From these and similar experiments it was con- 
cluded that a “deviation of complement” occurs under conditions where the 
amboceptor is in great excess, i.e., the complement unites ivith the unbound 
amboce ptor rather than with the amboceptor which has united with the anti- 
gen. A special explanation need not be devised for this phenomenon, how- 
ever, for a similar failure of antigen-antibody union to occur is apparent in 
other serological reactions in the region of antigen or antibody excess. Such, 
for example, is the prozone phenomenon (p. 301) in the precipitin and 
agglutination tests. The same effect may be observed in vivo, for successful 
protection of mice against pneumococcus infection has long been known to 
be dependent upon optimal amounts of antiserum and culture; otherwise a 
zonal phenomenon in which there is no protection (the Schwellemvert of 
Neufeld and Haendel) may be encountered. 

The Bordet-Gengou Phenomenon or Complement fixation. As pointed out 
above, the lytic action of an immune serum is difficult to observe with many 
bacteria and cannot take place with an antigen such as egg albumin. 
Whether or not the phenomenon of lysis occurs or is made evident through 
some observable change in the antigen, it is possible to demonstrate the union 
of antigen and antibody by the addition of an indicator system. The lysis of 
red blood cells is used for this purpose and is commonly referred to in this 
connection as the hemolytic system; sheep cells and sheep hemolysin are 
generally used. x 

The antigen and inactivated serum (either of which may be unknown; 
are mixed together with the proper amount of complement in the form o 
fresh, unheated guinea pig serum. If the antigen and the inactivated serum 
unite, the complement will combine with the sensitized antigen and is sai 
to be “fixed.” When the hemolytic system is added in the form or eate 
hemolytic serum and erythrocytes, no complement is available, hemo >si 
does not occur, and the test is positive. If, however, the antigen an ,na ^ 
vated serum do not react, the complement remains free and com mes v' 
the sensitized red cells, hemolysis results and the test is negatne. 
phenomenon may be illustrated in the following way: 


antigen positive 

4 - « 

inactivated serum 


negative sheep red celfs 

<omplOTent * injctivatcrl sen , m 

(amboceptor) 


The quantitative aspects of the test are obviously of primary import 
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chapters. Intelligent interference with the course of events is impossible without 
a clear idea as to what is actually happening. 

We mayrecognize, in theory, at least six categories of hosts among any infected 
herd. Four of these categories include individuals who are themselves infected 

(1) the typical case, (2) the atypical case, (3) the latent infection, and (4) the healthy 
carrier ; the other two categories are not themselves infected, or infective, (5) the 
uninfected immune and (6) the uninfected susceptible. The division between 

(2) , (3) and (4) is formal rather than actual — these conditions shade into each other 
by imperceptible degrees. It is doubtful whether the division between (3) and (4) 
is justifiable even for convenience of description, since many, perhaps most, of 
the class commonly described as healthy carriers are in reality suffering from a 
symptomless, and often negligible, infection. It may be noted that the individuals 
falling in categories (3) and (4) are in general, though in a very varying degree, 
resistant to further infection from without ; so that the only fully susceptible 
hosts at risk are those in class 6. 

Fig. 271 may help the student to visualizo the kind of distribution, both of 
infection and of immunity, that may be met with in infected herds under different 
epidemic conditions, No distinction has been made in the diagram between latent 
infections and healthy carriers. A few arrows have been introduced to indicate 
the direction of effective spread — effective in the sense of producing new cases of 
disease or in converting susceptibles to immunes. As wo shall see, an epidemic 
of an infective disease is usually accompanied by an epidemic of symptomless 
immunization. 

In this figure, A may he taken as an example of an epidemic phase in an endemic- 
epidemic prevalence, that is, as representing the state of affairs during an outbreak 
of an infective disease from which the affected herd is never completely free, 
epidemics of varying severity recurring at more or less frequent intervals. B may 
be regarded as a later stage of A, or os a small epidemic wave occurring in a herd 
in which susceptibles are few, while carriers are frequent. C may be taken as 
representing the state of affairs during a severe epidemic occurring in a herd with 
little initial immunity. An extreme example of this catastrophic type of pre- 
valence has occasionally been afforded by the introduction of such a disease as 
measles into an isolated island community that has either never experienced the 
infection before, or has been free from it for many years. D may be regarded as 
representing a stage of relative quiescence between two outbreaks of the type 
depicted in A. It will be noted that the proportion of susceptibles is higher than 
in A or B, and with such a distribution as this a fresh outbreak of the A type is 
likely to occur. 


Herd Immunity in Diphtheria. 

As 8tt illustration of the types of distribution depicted in A, B and D, no better 
example could be selected than that of diphtheria. We are here dealing with a 
disease that is essentially a toxamiia ; and, as we have seen, on effective ant, to* 
immunity will in this case protect the host against clinically detectable mfecti • 
In the Schick test we have a method which allows us to divide the members of y 
herd into susceptibles and immunes. Except m the case of very yonng ! 
a negative reaction may be token as an indication that an mdmdual h as on, tag 
over 0 01 A.U. of antitoxin per ml. of circulating blood, and also that he w p 
duce further antitoxin briskly and effectively in response to any entry ot 
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The Bactericidal Substances— Lysins 

and each reagent must be titrated and added in the proper amount. As 
usually carried out, the degree of hemolvsis is estimated as O, -j-, -f— K H — 
or — I — K the last representing complete hemolysis. A considerably more 

accurate end point is that of 50 per cent hemoljsis, measured in a photo- 
electric colorimeter or spectrophotometer. A quantitative complement fixation 
which allows a close approximation of amount of antibody has been devel- 
oped, 30 in which an excess of complement is added to the antigen-antibody 
mixture and the amount remaining after fixation titrated with the usual 
hemolytic system to a 50 per cent end point. 

The complement-fixation test may be used with a known antiserum for 
the identification of an unknown bacterium or with a known antigen as a 
means to detect antibodies in an unknown scrum. Perhaps the commonest 
application of the test is in the diagnosis of syphilis, where it is known as 
the Wasscrmann test. 

The Nature of Complement. 37 It is likely that the process of lysis is ac- 
complished by complement, the antibody simply sensitizing the antigen to 
this lytic action. Complement is not increased during immunization, and a 
higher titer immune scrum may be only fceblj lytic because there is not 
sufficient complement present to utilize the excess of amboceptor. It is of 
some interest that there is little species specificity in complement; that from 
guinea pig scrum, for example, may bring about the lysis of beef corpuscles 
in the presence of amboceptor in goat scrum. Some quantitative differences 
arc apparent, however, for a scrum which may be actively complementary 
in some reactions may be relatively inactive in other combinations. 

The property of inactivation by heat has been referred to above. Comple- 
ment is also inactivated by shaking, but in neither case is the inactivation 
completely irreversible, for some activity may be regained on standing. In 
this respect complement behaves as a tjpical hvdrophilic colloid which can 
be made to aggregate by physical forces but shows a tendency to spon- 
taneous dispersion and restoration to the original state. The activity disap- 
pears upon standing — rapidly at room temperature (two or three hours) 
and more slowly in the ice-box. where it may be presen cd for three or four 
dajs. Complement is irreversibly destroyed by strong acids or alkalis and 
reversibly inactivated by ions such as Mg, Ca, Ba, Sr and SO| or by hyper- 
tonic salt solutions. In this connection it is of some interest that complement 
which is inactivated by raising the salt concentration to 5 to 10 per cent 
may be presened at low temperatures in this form for several weeks, the 
activity K'tng regained upon dilution with distilled water. These properties 
and some others, such as ready adsorption on surfaces, suggest a close rela- 
tionship between complement and the enzymes; it has also been pointed out 
that there are remarkable resemblances to certain compounds of protein with 
soaps and lipids. An association of complement with the blood-clotting 
mechanism is suggested hv the observations that many substances have both 
anticoagulant and anticomplcmcntary activity, and that there is a close cor- 
relation between thrombnplastic and complement-fixing power of tissue c\- 

■* Mavci. Oiler. Bier ami Hridrllx-rRrr: Jour. Immunol . 19-18. 59.19J. 

•'bee the review b) Pillnuer. Chcsi. Rev., 1943. 33 1. 
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of events in any particular community that is vastly more informative than we 
can at the moment supply for most other diseases. 

It has of course long been recognized that the diphtheria bacillus is not con- 
fined to those who are suffering from the clinical disease in its typical form. It is 
frequently isolated from cases of mild sore throat associated with an epidemic of 
typical diphtheria, less frequently from healthy contacts, and still less frequently 
from non-contacts. } 

Kober (1899) records the Isolation of diphtheria bacilli from 70 per cent, of 139 contacts 
who were themselves suffering from mild sore throat, and from 8 per cent, of 123 contacts 
who nnd apparently normal throats. Closeness and continuity of contact, here as in 
other diseases, have a considerable inGuenco on the carrier rate. Tho collected, figarc 3 
recorded in tho Medical Research Council’s monograph on diphtheria (see Monograph 1923) 
show a 15 per cent, carrier rato of virulent diphtheria bacilli among 610 contacts in barracks 
or hospital wards, a 7 per cent, carrier rato among 10,883 homo contacts, and a 0 6 per cent 
carrier rato among tho general non-contact population. 

As a measure of tho risk to which an ordinary urban population is submitted we may 
take the carrier rato of virulent diphtheria bacilli among children attending the elementary 
schools in and about London. During the third decade of the century it fluctuated between 
2-5 per cent, and C per cent, (see Dudley 1923, Forbes 1927). 

The events that follow the passage of virulent diphtheria bacilli from the throat 
of a case, or of a carrier, to tho throat of a non-infected person will depend on the 
immunological condition of the recipient. If he is susceptible (Schick-positive) 
he will either respond by developing antitoxin and so becoming more resistant, 
and eventually Schick-negative, or else he will develop clinical diphtheria. Hence 
Schick-positive carriers of virulent diphtheria bacilli are very rare. They are not 
non-existent — they cannot be if we accept the view that the transition from the 
susceptible to the immune class is usually the result of latent infection— but we 
may take it that a person who is carrying virulent bacilli in sufficient number to 
be detectable by an ordinary swabbing is (a) immune (Schick-negative), or ( b ) under- 
going rapid immunization to the Schick-negative level, or (c) incubating the disease. 

If, then, we take the case of a relatively isolated community, such as a large 
boys’ school, and trace the spread of infection and the development of immunity 
during an epidemic of diphtheria, wc shall observe the following sequence of events. 

At the start we may suppose that wc have 50 to 70 per cent. Schick-negative 
immunes and 30 to 50 per cent. Schick-positive susccptibles. Among these boys 
there will be a certain number of carriers of virulent diphtheria bacilli, say 3 per 
cent. ; these will be immunes. 

When these bacilli spread to uninfected boys they may obtain lodgment citner 
m a susceptible or in an immune ; and, depending on the dose of bacilli transferr , 
the exact degree of immunity of the recipient and many other factors of which we 
have as yet no knowledge, they may bring about any of the following transloi- 
mations. 

Frequently : 

(а) Schick-positive susceptible— > case (mild or severe). 

(б) Schick-positive susceptible — > Schick-negative immune 

' (a) without detectable carrying, 

(6) with detectable carrying- 

(c) Schick-negative immune-)- Schick-negative immune carrier. 
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tracts and sera. It seems clear, however, that complement is not identical with 
prothrombin, and more recent work 8 '* suggests that inactivation of complement 
of plasma blocks the conversion of prothrombin to thrombin. The nature of 
the lytic action of complement is as yet, however, purely speculative. 

Complement is intimately associated with the serum proteins and there 
is reason to believe, viz. the destruction of complement by trypsin and the 
antigenicity of the activity, that this lytic agent is protein in nature. Com- 
plement may be split into two parts by the separation of serum protein into 
albumin and globulin. The globulin fraction will unite with sensitized cells 
although no lysis occurs, and is called the viid-piece, while the albumin 
fraction which will not unite with the sensitized antigen in the absence of 
the mid-piece but produces lysis when it unites with the sensitized cell- 
mid-piece complex is termed the end-piece. Other investigations have indi- 
cated that complement may be split up into four components by other frac- 
tionation methods. These are: 

C\ or mid-piece which is precipitated from guinea pig serum by passing 
C0 2 through the serum diluted 1 : 10 with distilled water, or by dialysis 
against distilled water. This component is destroyed at 56° C in 30 minutes 
and is a euglobulin containing carbohydrate. 

C' 2 or end-piece which remains in solution after the C'j fraction is pre- 
cipitated. It shows the same heat lability and is a part of a mucoglobulin frac- 
tion containing 10 per cent carbohydrate. 

C' 3 is inactivated by yeast, zymin or cobra venom and is not destroyed at 56° 
C in thirty minutes. 

C' 4 or fourth component is specifically inactivated by treating guinea pig 
serum with dilute ammonia, hydrazine or viper venom, or by shaking with 
chloroform or ether. It is also heat-stable but this stability is greatly reduced in 
the presence of 10 per cent sodium chloride. It appears to be a carbohydrate 
portion of the mucoglobulin fraction containing C' 2 whose carbonyl groups 
are attacked by ammonia. , 

Human complement likewise consists of these fotir components and t ey 
are mutually interchangeable with those in guinea pig serum. 39 The four 
components are also present in frog serum and carp serum and are eit ier 
identical or closely related to those of guinea pig serum. 40 The titer of comp e 
ment is, of course, limited by the fraction occurring in smallest 1S 

appears to be C' 2 in human serum, and C' 3 in guinea pig serum. A our 
components arc necessary for lysis of red cells and bactericidal action, but a 
are not equally fixed by the antigen-antibody complex. In general, re ) 
large amounts of C'j and very small amounts of C' 3 are fixed, but the re a n 
fixation depends upon what other components are present. . 

Opsonins. If a mixture of polymorphonuclear leucocytes and acterw 
other particulate matter is incubated for a time, it will be found on microsc ^ 
examination that a number of the leucocytes have ingested the foreign P 
tides. Few* if any particles will be ingested if the mixture is prepare m P 
logical salt solution, a considerable number if the fluid is norma se 

38 Mann and Hum Proc. Soc. Exp. Biol. Med , 1948, 67:83. 

3,> Ecker and Seifter. Proc Soc. Exp. Biol. Med., 1945, 58‘359. 

40 Cushing Jour. Immunol , 1945, 50 61, 75. 
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[ illustrated by the case rates and carrier rates in one group of some Jf.0 boys durine 
winter term of 1021 and tlio winter term of 1922 


Case IUte. Cartier Rate. 

. I9 “* * ' - 7 per rent. 2 per cent. 

1922 • • • . 00 c 

In 1921 during a severe epidemic, following on a period in which the school had been free 
from diphtheria for 2 years, the spread of virulent bacilli produced 3 5 cases to one carrier; 
in the winter of 1922 after this severe exposure, and in Bpite of the entrance of 43 new boys 
during the post-epidemic period, the spread of infection produced 10 camera to one case. 

In judging the significance of such figures we must remember that the real carrier: case 
rate over any considerable interval of timo is always higher than that given by comparing 
the recorded case rate with tho recorded carrier rate over that period— a point stressed 
by Dudley (1932). All clinical cases of diphtheria will be recorded. A case rate of 
3 per cent, per annum in a particular community means that 3 persons in every hundred 
of those exposed to risk develop diphtheria during the year in question. But a carrier 
rate of 7 per cent. doe3 not mean that 7 per cent, become carriers during the year ; it 
means that at any one swabbing of an adequate sample 7 persons in each hundred are, 
on the average, found to be harbouring diphtheria bacilli. The total number of person? 
that become carriers during the period in which the three cases of diphtheria occur will 
bo much higher. Thus, over one yearly period, Dudley records an average carrier rate 
of 0 6 per cent, with small fluctuations above or below this level ; but repeated swab- 
bing (7-8 times) of a large sample of boys showed that at least 40 per cent, were harbouring 
the diphtheria bacillus at one time or another during this period. 

The general significance of the picture presented by such studies as these is clear enough ; 
but wo must remember that tho two categories — immuncs and susccptibles— that are 
divided from one another by simple Schick testing present a very incomplete picture of 
the graduations in resistance that actually exist in a herd at risk. Glenny (1925) defines 
five grades of immunity, which ore set out in Table 84. These are, of course, not exhaus- 
tive ; nor are they sharply demarcated from one another (see also Parish and Wright 193S). 


TABLE 84 


Saowrma VARrcuo Grades of Resistaxoe to Diphtheria. (After Glenny.) 





Group 




1 ! 

2 

3 

* 

6 





— 

- 



+ 

+ 

+ 

+ 


> 1/30 A U., < 1/30 A.U 

0 



Earlier stimuli . 

Many 

Many 

Many 

Few 


Response to further 

. 

Rapid 

Rapid 

Slow 

Very slow 

Description . . . 

Immune 

Immune 

Potentially 

immune 

Sub- 

immune 

susceptible 


If we could elaborate our study of a population at risk by estimating at regular inter 
vals the exact amount of antitoxin in each person’s circulating blood ; and 
with a very large population, wo could withdraw an adequate sample of persons tat 
intervals and determine the response of eseh Scln expositive person to sma 1 mjrct," 
of toxoid, ire should be able to build up a far more detatled pteture of wha t 
happening. Adopting Glcnn/s classification, we should be ab 0 £ 
tion from the fully susceptible to the sub-immune, and thence through the Seine P ^ 
immune to the fully developed Schick-negative immune, as well as transference fr 
Scliick-positive to the Schick-negative class. 
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the case of bacteria, great numbers of the microorganisms will be found packed 
into tbe leucocytes when the two are suspended in the specific immune serum. 
The antibodies present in the immune serum which so remarkably stimulate 
this engulfment by body cells are designated bacteriotropins, a term not in 
common use, or opsonins. The term opsonin was originally used to designate 
the activity of normal serum, hence the antibodies in the immune animal are 
sometimes called immune opsonins. The cells which ingest such particulate 
matter are termed phagocytes (devouring cells). This property is not confined 
to the polymorphonuclear leucocytes or heterophils, although these have been 
most widely used in in vitro experiments because of tbeir availability, but is 



Fir. 34. Phagncv tosis of pneumococci by culture macTophagw. I, Phagocytosis in 
presence of normal scrum, relatively fevv bacteria have been Invested. 2 and 3, Phago- 
cytosis in the presence of anupncumocuccus scrum, enormous numbers of pneumococci 
have been ingested and appear as agglutinated masses. The lightly staining forms arc de- 
generating. Hematoxylin $nd cosm-arure II. X 1200 (ZucLcrman). 


also present in various mononuclear phagocjtcs. These cells and their role in 
immunity arc discussed in the following chapter. 

The Opsonic Index. A quantitative estimate of opsonin present in a given 
immune scrum may be made by comparing the number of bacteria ingested 
by normal leucocytes in normal scrum with the number ingested by normal 
leucocytes in the immune scrum The appropriate mixtures arc prepared and 
incubated in capillar)' tubes, smears made and stained, and the bacteria en- 
gulfed by an arbitrary number (usually 50 or 100) of leucocy tes counted. 4 * t 
'Hie average number of bacteria per leucocyte, or phagocytic index, is deter- \ 
mined for the normal and immune sera, and the ratio of the phagocytic index 
of the immune serum to that of the normal serum is termed tbe opsonic index, 

41 The details of this tcehnique mas be found in Wnghl and GilthronL: Technique cf 
the T eat and Opdl^ri Crisis Tube 2nd cd Cwulilr and G»-, Lid.. London. 1921; 
Firming A Sssirw of juirndefa. Medical Hesearcb Council. London 1931, 9 212. 
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of the same general kind as that now available in the case of diphtheria ; bat we 
haye not yet any records comparable in detail and duration with those afforded 
by Dudley s work at Greenwich. So far as our fragmentary records go they look 
like pieces of a very similar picture, with one essential difference. The production 
of the erythrogenic toxin forms a relatively small part of the pathogenic poten- 
tialities of hemolytic streptococci ; and an antitoxic immunity that will suffice 
to prevent the occurrence of the clinical syndrome that we label scarlet fever will 
not suffice to prevent the spread of tonsillitis, or of other clinically obvious strep- 
tococcal infections (soe Okell 1932). For effective immunity against all the clinical 
manifestations of infection with hremolytic streptococci we need an antibacterial 
as well as an antitoxic immunity ; and this antibacterial immunity will almost 
certainly be type-specific. 

Turning to diseases in which antitoxic immunity, in the strict sense in which 
we are using that term, plays no apparent part, we are not in a position to give 
any adequate description of the course of events in a naturally infected herd. 
This is because we have no such simple tests as the Schick and Dick reactions by 
which to separate our immunes from our susceptibles. There arc good reasons 
for believing that by an adequate survey, including a careful study of the 
distribution of the infecting organism and teats for the presence of specific anti- 
bodies in the blood of the hosts at risk, we could add greatly to our knowledge 
of what is happening during an endemic or epidemic prevalence. But we have 
not got that knowledge yet. 

Some things we do know. We know that in certain diseases, such as cere- 
brospinal meningitis, the ratio of carriers to cases is very high (see for instance 
Glover 1918), so that it seems probable that the immunes greatly outnumber the 
susceptibles. The same general relationship— a widespread carrier epidemic 
associated with relatively few clinical cases — seems to hold in certain virus diseases, 
such as poliomyelitis and encephalitis lethargica. 

In other diseases, such as typhoid fever, the ratio of carriers to case3 is not so 
high (see Chapter 69). But we know that atypical cases of typhoid fever occur 
during an epidemic, and that many carriers of typhoid bacilli give no history of 
ever having suffered from a typhoid-like disease. It is a fairly safe assumption 
that an endemic or epidemic prevalence of typhoid fever is associated with the 
occurrence of sub-clinical immunizing infections. We know quite certainly that 
such a prevalence leaves behind it infected healthy carriers who may bt- a potent 
source of further spread. 


THE EXPERIMENTAL STUDY OF HERD INFECTION AND 
IMMUNITY 


It is clearly possible, by selecting o convenient host species and a parasite that 
spreads naturally among them, to submit problems of the kind we have consrie 
above to direct experimental study-initiating an epidemic of a particular disea 
among our test population, and studying the reactions of new en ran , , 
members of the herd, or of migrants from one herd to another, by any 
means (sec Greenwood cl al . 1830). We can under such conditions, ohsertejh^ 
effects of any intentional interference we choose, splitting ratc „f 

units, reaggregating these units after any selected interval, y g 
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The opsonins may he estimated also hy the dilution method; specimens are 
prepared in the usual way, except that the normal and patients sera are 
diluted with saline or Ringer's solution. One mixture is made with salt solu- 
tion or Ringer’s solution to determine the degree of spontaneous phagocytosis. 
The dilution of serum which gives the same amount of phagocytosis as a 
mixture without serum is taken as the end point. 

The Factors Influencing Phagocytosis. The process of phagocytosis is 
markedly influenced hy environmental factors and the natn re of the bacterium 
and leucocytes used, as well as hy the amount of opsonin present. Depar- 
tures from a neutral or very slightly acid reaction or from isotonicity, and the 
presence of certain ions, notably the citrate radicle, depress the degree of phago- 
cytosis. The last is of practical significance in that it contraindicates the use 
of citrJted blood. The presence of calcium, on the other hand, may restore 
phagocytic power to leucocytes which have been allowed to stand in isotonic 
salt solution for a number of hours, a point of some interest in connection with 
the apparent intimate relation between this ion and cell division and the ability 
of ameboid cells to form new surfaces. 


The nature of the bacterium to be ingested is of considerable importance; 
in general, virulent forms are relatively resistant to phagocytosis. It is not 
unlikely that this resistance is associated with the presence of a capsule, in the 
Case of the pneumococcus, for example, not only are the smooth, encapsulated 
forms highly resistant to phagocytosis, but the presence of capsular polysac- 
charide markedly inhibits phagocytosis hy an immune serum, presumably 
through combination with the antibody. Bacteriophage (p. 916) renders bac- 
teria considerably more sensitive to phagocytosis. 

The phagocytic power or activity of the leucocytes is subject to consider- 
able variation independent of variation in the opsonic content of the blood. 
This inherent phagocytic power of the leucocytes varies, with respect to certain 
bacteria at least, even in persons apparently in perfect health. In the child 
at birth the leucocytes are somewhat less active phagocytically than in the adult, 
they grow less active for a few months, and then more active, the adult stand- 
ard for streptococci, pneumococci and staphylococci being reached about the 
third year. In pneumonia, scarlet fever and other conditions in which there is 
acute leucocytosis when the outlook is favorable, the phagocytic power of leuco 
cytes has been found to be greater than normal for the specific bacteria. e 
increase in activity in such cases may be due to the predominance or young 
leucocytes. -Up 

The Process of Phagocytosis. The mechanism of ingestion is essentia y on 
of the interplay of interfacial forces. A formulation of the free surface energy 
relationships at the points of contact between particle and cell and t en ie 
spective liquid interfaces has been worked out by Fenn 4 ' and su ject 
experimental tests by Mudd 43 and his associates. Low interfacial tension 
the bacteria against the leucocytes— and high interfacial tension agams 
medium— favors ingestion. The immune opsonins, and to some ex en 

42 Fenn: The Newer Knowledge of Bacteriology and Immunology. Jordan an 

University of Chicago Press, Chicago. 1928. p.861. xwwiwon and Lucie- 

43 The process of phagocytosis is discussed at length hy Mudd, McC 
Physiol. Rev., 1934, 14 210. 
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Similarly (Greenwood el al. 1936), the result obtained in experiment with the virus 
disease, cctromclia, indicated that somo 80 per cent, of the mice entering the herd were 
infected with the virus within three weeks of entry (see a ho Fenner 10496 ), 

. which the bacterial parasites are distributed OUinnrr tho Kw- -i 

: - ~ x icauita in immunization as well as, or in place of, the pro- 

duction of overt disease ? That survivors from an epidemic are, on the average, 
more resistant than new-comers to an infected herd is certain ; for they Jive longer 
—usually much longer— when exposed to a subsequent wav© of mortality (Topley 
1921, Amoss 1922). ; 

This increase in resistance with increasing herd experience under epidemic 
conditions can be studied in greater detail by constructing life tables for the mice 
submitted to risk of infection during a Jong-continued prevalence of such a disease 
as mouso typhoid. It is convenient in calculating the expectation of life to limit 
it to 60 days, regarding any mouse living for longer periods as dying on the 60th 
day, since the use of the unlimited expectation of life gives undue weight to the 
relatively few mice that live for much longer periods, and also because we have a 
normal standard of comparison for the shorter period, but non© for the latter. 


Employing this value (« 0 ^,) wo find in a particular experiment, in which 3 normal mice 
were added to an infected herd each day from March Gtb, 1921, to June 30th, 1923, that 
tbo limited expectation of lifo drops slightly (from 22-49 to 21 days) during the first week 
of herd lifo and then rises, at first slowly, but more steeply after the 16th day, until by 
tho 33rd day it reaches tho figure of 34-76 days. It fluctuates round this figure up to the 
100th day of herd residence ; after which tho numbers of survivors are too small to give 
a reliable average. In general then, wo may say that a mouso that has survived about 30 
days’ exposuro to mk will livo moro than half as long again as a new-comer to the cage 
(Greenwood and Topley 1925, Greenwood et al. 1930). 

Wo can ask tho same question in another way, using a direct experimental comparison 
instead of a lifo table. In a particular experiment (Greenwood, Newbold, Topley and 
Wilson 1926) in which mouso pastcurellosis was th© infection selected for study, two parallel 
epidemics (A and B) were initiated on November 11 th, 1024, and were maintained by 
the addition of normal mice until December 1925. At regular intervals groups of mice 
that had survived for 10, 20, 30, 40, 60 days or more in Herd A were transferred 
to Herd B, and with them were added a numerically equal group of normal mice that had 
had no previous experience of pasteurellosis. Averaging the results, the figures shown 
in Table 85 were obtained : 


TABLE 85 


i Length of Life tn nerd A. 

I Nil (normal entrants to B) . 

10 days 


SO „ . . 

40-45 days . 
50-60 „ . 


Expectation of Life In Herd B 

1 


22-37 ± 0 30 days 
21-34 ± M0 „ 
25-50 ± 1*13 „ 
32-55 ±1*28 „ 
33 OS ± 1-52 „ 
37-39 ±1-69 


Here, again, survival through a testing period of 30 days or more added somo S> per 
cent to a mouse's expectation of life under severe epidemic conditions. 

Bat clearly we cannot, in the absence of further evidence, assume from such 
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"normal” opsonins, apparently form a surface deposit on the bacterial cells 
which promotes phagocytosis by altering the interfacial tension in this man- 
ner. In addition to surface tension, other factors such as the viscosity of the 
phagocytic cell substance enter into this phenomenon. Physical tensions are not 
the sole controlling factors, however, for increased oxygen consumption ac- 
companies the process of ingestion, the rise beginning at once, reaching a maxi- 
mum value twice that at the start in about fifteen minutes and persisting for 
90 to 150 minutes. 

It is of some interest that bacterial cells may be artificially "opsonized,” i.c., 
made more readily phagocytable, by treatment with iron ammonium alum, 
chrome alum, protamine sulfate or gallotannic acid. The effect is rc\crscd by 
treatment with oxalate but reversion is very difficult when the cells arc sen- 
sitized with immune opsonin. The significance of such observations in im- 
mune opsonization and phagocytosis is not clear. 

The work of Wood and his co-workers 4 * has shown that phagocytosis may 
occur quite as readily in the absence of antibody as in its presence, provided 
that it occurs on a suitable surface; most body tissues provide such surfaces, 
viz., the phagocytosis of pneumococci on the alveolar surfaces of the lungs. 
This phenomenon of "surface phagocytosis” has not been previously described. 

The Fate of Ingested Bacteria. Following phagocytosis many, but not all, 
species of bacteria may be observed to undergo a process of dissolution, with 
swelling, granulation and fragmentation appearing as successive stages in 
their destruction. Although it was early supposed that intracellular digestion 
was no more than intracellular lysis through the agency of the immune lysin 
and complement which would have occurred whether or not phagocytosis took 
place, it now seems probable that the two processes arc essentially different. 

Bacteria arc no exception to the rule that living organisms arc not subject to 
attack by digestive enzymes, and the question arises as to whether death is a 
necessary preliminary to ingestion or whether it may occur within the phago- 
cyte. It is probable that the viability of the microorganism is not an important 
factor in phagocytosis; in most cases the cell may be engulfed whether it is liv- 
ing or dead. In the case of those bacteria which arc destroyed within the leuco- 
cyte, killing is necessary before digestion can take place. Killing of a v iablc 

rtericidal sub- 

■ e not equally 

■ 1 ■ viable within 

■ bacteria are 

protected against the action of immune scrum, i.e., bactericidal or lytic anti- 
bodies, and this is possibly of some significance in the dissemination of bacteria 
within the host in the event that they remain viable and arc later freed from 
the leucocyte. Leucocytes have been shown to contain a variety of digestive 
enzymes, including proteases, lipases and various carlwhydratc-splilting fer- 
ments which arc presumably responsible for the actual dissolution of the 
liactcri.il cell. 

The Nature of the Opsonic Acfitit). Hie opsonins are true antibodies in 
that they arc increased by immunization and exhibit the specificitv character- 
istic of the immune antitaxlics-The activity’ is, like that of the ly tic sera, made 

•* Wortl. Smith ami Waw.tr Science. 194A. 103 2S. 
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that entered herd B on the same days as these particular groups of migrants from hml i 
° ± ° 49 dayS ‘ ^ lh0S0 m ‘ Sr “ nl3 that had spent 50 days in herd A it ™ 346 

, 00 ? p“ y ** n a l<,d that B “ ch e '’ idence “ “ sToUable (Topley, Wilson and Lew 
1025, Greenwood and Topley 1925) indicates that the increased resistance earned by 
survival in an infected herd, or after erperimentol infection by feeding or inoculation 
is specific in the ordinary bacteriological sense. A mouse that has survived infection with 
balm, ty phi -murium appears to bo no more resistant than normal mice to infection with 
Pasteurclla muriseptica. This, of course, accords well with epidemiological experience in 
general, but not with the view that the determining factor in increasing the average resist 
ance of a herd at risk is the selection by the sieve of death of those individuals possessing 
an innate non-specific resistance. If differences in innate resistance are of major importance 
it would appear that they must either bo specific or must be differences of jmmimizability 
rather than of immunity. 


Whether or not active immunization is the main factor that determines the 
increased average resistance of surviving mice, the grade of antibacterial immunity 
produced can excite little enthusiasm. 


As stated above, the expectation of life limited to CO days was selected in these and 
subsequent experiments, in part because there is an available standard of reference for 
this period (Greenwood, Topley and Wilson 19316). On October 4th, 1929, 20 normal 
mice were assembled in a cage of the same typo os that used in all epidemic experiments. 
From then onwards until Jammy 17th, 1930, daily additions of normal mice were made, 
and the herd was then observed until May 27th, 1930. The 329 mice of this experiment 
were living under exactly the same conditions as the infected herd, except that no infection 
was present at any time during the period of observation. Of these 329 mice 66 died. 
The limited expectation of life, as was to be expected, remained practically constant at all 
cage ages from day 0 to day 170 — the last day for which figures were availablo. The 
lowest <qE x figure was 66 69 days, the highest 69-27 days. The figure rose slowly from 
just under 57 days on the day of entry to over 58 days on the 40th day of cage life— presum- 
ably as the animosities of first acquaintance were replaced by the toleration of later herd 
life and fighting grew less frequent. Thereafter it hardly varied. 


Taking a figure of 58 as our normal t <>E x , we note that the best that natural 
immunization against mouse typhoid or mouse pasteurellosis can do — so long as 
surviving mice are exposed to a continuous risk of heavy infection — is to raise the 
expectation of life from a little under a half to a little over two-thirds of the normal 
figure. This is a very different picture from that presented by our study of diph- 
theria in man — even allowing for the fact that in the latter case we are dealing 
with a disease of relatively low fatality. Either mice differ in some fundaments 
way from men ; or the conditions in mouse cages differ fundamentally from those 
in schools and institutions — an obvious possibility ; or natural immunization again 5 
enteric infection or against pasteurellosis is less effective than natural immunization 
against diphtheria or scarlet fever. Perhaps, though by no means certainly, 
might be expanded to the conclusion that natural antitoxic immunization is nvuca 
more effective than natural antibacterial immunization. 

There is no known disease of mice that presents any close analogy wi _ 8 
toxsemic human infections as diphtheria and scarlet fever; but the descrip 
by Marchal (1930) of a natural virus disease of mice-ectromeha-that g ,v * 
to severe and fatal epidemics under experimental conditions has afforded an opp 
tunity for the study of natural immunization against a virus infection. The 
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up of two components, one thermostable and the other thermoiabile, The 
thermoiabile component is present in normal serum and the reduced opsonic 
powers of an inactivated immune serum may be restored by the addition of a 
small amount of normal serumrln this and other respects the thermoiabile 
component of opsonin strikingly resembles complement and in the past has 
been assumed by many to be identical with this component of the lytic system. 
In general, however, it has not been possible to show any constant relation 
between the components of complement and opsonization. For example, the 
fourth component of complement has been reported* 3 to be necessary to the 
lytic reaction but not required for opsonization, but Ecker* 8 has reported that 
the thermoiabile opsonin of the human serum is identical with C'j, C' 2 and 
C 4 in combination but not separately or in any combination of two. It aj> 


<:.■» v;-: <*•*»;/• Vi 

*'w - %. ~ •*<••• •r rr *- • 

.1. • >._*•* . 4k.. vv .. 

m-.WA *Tm 

f' vjk+r-JF- 

Fig 35. The phagocytosis of typhoid bacilli by leucocytes in whole blood. Note the 
enormous numbers ingested by the white cells and the bacilli lying free- Hastings stain, 
X 1200. 


pears, then, that complement and the thermoiabile element of opsonin, tvhile 
resembling each other closely in many respects, may not be regarded as iden- 
tical.* 7 . 

There is some question as to whether the thermoiabile factor is essentia to 
phagocytosis, for experimental evidence has been presented 48 which indicates 
that while the thermoiabile factor contained in normal serum marke ) ac* 
celerates the rate of phagocytosis, approximately the same number of acten 
are ingested at the end of eight hours by phagocytes in the presence o ea 
serum alone. . . 1 

Agglutinins. If the blood or serum of an animal previously immuni 
against a bacterium be mixed with a suspension of the microorganisms, 
latter become immobilized and in a short time aggregate to form large c u p 
of cells. In the test tube these clumps settle out, and the turbid bacteria 

^Cordon, Whitehead and Wonnail: Jour. Path, and Bact., 1929, 32.57. 

♦®Ecker and Lopez-Castro; Jour. Immunol., 1947, 55.-169. * 

47 See also Ecker, Pillemer and Kuehn: Jour. Immunol., 1942, 43.2 
* s Ward and Enders- Jour. Exp. Med., 1933, 57:527. 
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mice showed a partial but ineffective immunity in that they lived on the average far longer 
than the control, but succumbed to the disease during the period of observation . 24 p 
cent, showed a more effective resistance by living m apparent health throughout the period 
of observation, but post-mortcra examination showed that they were suffering from a 
latent infection ; 18 per cent, appeared to have been rendered completely immune to tbit 
dose of bacteria, in that they remained in apparent health for 28 days and showed no 
evidence of infection when killed and examined by spleen culture. These results may be 
taken as representative of a considerable number of similar experiments. 


TABLE 87 



^ TJo Inoculated. 

No Dead In 

28 Days 

Average Time 
to Death of 

No Survivors 


j 

Mice that pied. 

Spleen Cultures 

Normal 

. . | 60 

50 

5 0 days 

13-3 „ 


Vaccinated 

. . 50 

29 

12 


We should not perhaps expect an immunity of this order to be very effective 
as a prophylactic measure in herds submitted to a continuous risk of infection, 
and actual trial confirms our lack of faith. 


An epidemic of mouse typhoid was started on January 1st, 1928, and was continued 
until September I7tb, 1929, by the addition of 3 normal mico a day (Greenwood, Topley 
and Wilson 1931a). Every 7th day 10 additional normal mice, and several groups, each 
of 10 mice, that had been immunized with different vaccines were added to the cage. 
The results, as they concern tbo relative efficacy of different antigenic components, have 
already been noted on p. 1201. We are concerned here only with the results obtained with 
the most effective vaccines employed. 


The limited expectation of lifo («<,£*) of the normal mico on entry waa 26-26 ±0641 
days ; for the four immunized groups that had received vaccines containing the smooth 
surface antigen the eo E x figures acre 32-10 ± 0 432, 34-97 ± 0 845, 35 06 ± 0 845 and 
33-71 4- 0 853 dayB respectively. Thus by active immunization with a killed vaccine an 
increase in average resistance was obtained of the same order as that attained naturally 
by normal mice after living for some 30-50 days in an infected herd under the joint influence 


of active immunization and mortuary selection. 

After 60 days’ residence in the cage the 90 E X figures for the vaccinated and nnvaccinated 
groups have, as we should expect, largely levelled up, though the vaccinated mice still show 
a slight advantage. The figure for the unvaccinated group has risen to 36 47 days, those 
for the vaccinated groups to 40-17, 37-39, 36-90 and 47-54 days respectively. 

Very similar results were obtained in another experiment in which a comparison 
made between the effect of administering a killed Salm. lyphi-murium vaccine hy f 8 
mouth, or by intrapentoneal inoculation (Greenwood, Topley and Wilson 1931c). A larger 
A™ was used for per os than for intrapentoneal immunization (5,000 X 10 a 9 _°€ al0S . 
. ' ’ — with a week’s interval 

after the second dose of 

vaccine. The experiment lasted irom iJeceiuuer .. June 26th, 1930. Th^ 

death rate in this epidemic was rather lower than in those referred to above, an 
expectation of life of the normal mice on entry was therefore somewhat longer. 

W E_ figures on the day of entry were as follows: normal mice 31-18 ± MM ^ays, 
vaccinated per os 35-30 ± 1-22 days, mice vaccinated intrapentoneally 
days. _ , 

The immunity to ectromelia induced by vaccinating mice with a forme tz 
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pension is cleared with the formation of a precipitate-like mass of clumped 
cells in the bottom of the tube This phenomenon is termed agglutination and 
the bacterial cells are said to be agglutinated. The bacteria are not killed by 
agglutination and will, in fact, grow in immune serum although with altered 
morphology and the formation of long chains of bacillary forms— the so-called 
"thread reaction" of Pfaundlcr. Living bacteria need not be used for the ag- 
glutination reaction, for dead bacteria are agglutinated as readily as the viable 
forms. 

Although many species of bacteria may be clumped by ‘‘normal" sera in low 
(1:5 to 1:10) dilutions, the capacity of a serum to agglutinate bacteria is 
greatly enhanced by immunization; high-titered antisera may be prepared 
which will bring about agglutination in dilutions of 1:20,000 to 1:50,000. 
The agglutination reaction is, then, an antigen-antibody reaction and the anti- 
body is designated an agglutinin. The antigen is sometimes termed an ag- 
glutinogen. The agglutinin docs not require the cooperation of complement or 
other heat-labile substances and inactivated sera will agglutinate to titer. 

/ Not only bacteria but a variety of free cells, including erythrocytes and 
others, are agglutinated by normal and immune sera. The incompatibility of 
human blood groups is a consequence of the presence of hemagglutinins. 
I lemagglutinins are also formed by some bacteria and may possibly be instru- 
mental in the formation of the thrombi observed in the blood vessels after 
death from certain of the infectious diseases. 


the cooperation of a heat-labile component. The reaction may be observed 
microscopically by mixing a suspension of bacteria and diluted antiserum on 
S a slide but is most commonly carried out by mixing the two in 0 5 to 1.0 ml. 
amounts in small test tubes and observing the formation of a precipitate. In 
the latter instance, varying dilutions of serum (frequently prep red in geo- 
metrical progression by mixing with an equal amount of physiological salt 
solution, i.c., 1:10, 1:20, 1:40, 1:80, etc.) are added to the bacterial sus- 
pension and incubated at 37° oscrmght or at 55° C. for two hours. The 
highest dilution showing obscrsable flocculation is taken as the titer of the 
scrum; a serum showing agglutination in a dilution of 1:10,000 but not 
in 1:20,000 is said to hate an agglutinin titer of 1.10,000. Such titers arc 
variable to some degree depending upon the density of the bacterial suspension 
and other factors, light suspensions, for example, showing only a faint turbidity 
to the eje will give higher agglutinin titers than heavy suspensions. 

Cross Reactions. Although the agglutination reaction is highly specific, cer- 
tain cross reactions l>etwvcn closely related bacterial species arc frequently ob- 
served. Such reactions are attributable not to a lack of immunological specificity 
but to the immunological heterogeneity of the bacterial cell. As indicated 
abosc, the cell is made up of a sanety of antigenic components, an “anti* 
gente mosaic." Gearly, then, if the same component is present in each of t\st> 
s|v«cs of bacteria, an anttwrum prepared aga'nst the one will agglutinate 
the other but generally to a reduced titer, /r.. only in the lower serum dilu- 
tions lids sharing of antigenic compncnts and the resulting cross reactions 
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Slightly ,!,fo t ,„"r fi '' trafKr,t0 ' IC "' immnniElt, ' on - th ° u S h the resistance induced is 

In the case of the virus disease, cctromclia, the natural immunizing response 
s far more effective The immunity attained is not complete-old survivors some- 
times die of typical cctromclia, even though they have passed through a cW 


TABLE 88 

Snow i no Limited Expectation of L,pe {t0 E,), in D.n-s, Groups of M,ce 

SUBMITTED TO EriDEMIO INFECTION. 


Infection. 



I.P. 

.’O' 


xtx 

9 - 

jr.n. 

, S * 

X.E 

s 

None 

58 00 

GS 00 

- 

— 

— 


Mouse Typhoid («) . . 

22-49 

31 75 

- 

- 

- 

- 1 

Mouse Typhoid (A) . . 

26 2G 

36-17 

32 J0 

35 00 

40 J7 

30 90 

- 

1 

Mow so Typhoid (c ) . . . 

3118 

42-40 

3819 

49 52 

35 SO 

44 8 7 ' 

Pastcurcllosis .... 

22 37 

37-39 

- 

- 

- 

- ; 

Ectronicljn (a) . . . . 

30 71 

Gt-69 

- 

- 

- 

~ _i 

Ectroinclm (6) . , . . 1 

20 8 

52 -S 

49 1 

51 0 

- 

I l 


I.P. — Intrapcritoncal. P.O. = Per oi. 

N.E. = New Entrants. S. = Survivors after 30-100 days. 


tcristic attack many months earlier— but it is of a high order. In conformity with 
this, vaccination with a formohzed virus greatly increases the expectation of hfe 
of the mice exposed to risk. 

It is clearly of interest to determine the effect of immunizing all entrants to an 
infected herd. Will this procedure result in the elimination of the disease, at 
least in its overt form ? In the particular case of mouse typhoid, it will not 

In an experiment designed to test this point (Greenwood, Topley and Wilson 1931c) 
3 normal mice were added daily to an infected herd from March 15th, 1929. to May I2t * 
1929. The limited expectation of life on entry of these mice was 27 00 ^ 1 019 days 
From May ]3th, 1929, to October 20th, 1929, 3 immunized mice were added daily instead 
r « 1 n „A frnm Oetnbcr 21st. 1929, to Juno 29th, 1930, 1 immunized mouse 


the three-a-day period was 34-92 ± 0-684 days, tor muse auuuu v— b — - 

it was 36-38 ± 0 938 days— results very similar to those recorded above. But i o 
typhoid was Bpreading and killing as actively in June 1930 as it was m March 
mice at risk lived a little longer, but that was all. 


It would, of course, be quite wrong to conclude— even if we may juatifinb ? 
argue from mice to men— that active immunization of such a kind is useless, 
has been noted above, it is capable of completely protecting a proportion ofm.ee 
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are particularly common among the paratyphoid Salmonella and dysentery 
bacilli. The agglutinins responsible for such cross reactions are sometimes 
referred to as “group agglutinins” and the phenomenon as “group agglutina- 
tion.” 

Agglutinin Absorption. The direct demonstration of the antigenic hetero- 
geneity of a bacterium and the consequent multiple antibody content of its 
homologous antiserum are made possible by agglutinin absorption. If a heavy 
suspension of bacteria is prepared in diluted (commonly 1:50) antiserum, 
incubated for two to three hours, and centrifuged, the supernatant diluted 
serum will be found to have lost its ability to agglutinate the bacterium with 
which it was absorbed; the agglutinins for that microorganism have been taken 
up by the bacterial cells, leaving other agglutinins intact. In practice it is 
necessary to absorb two or three times and, since the phenomenon is an adsorp- 
tion, it is not always possible to remove completely the agglutinins in question. 



Fig. 36. The macroscopic agglutination test — " . 

The control tube, C, contains bacterial suspension 
in the numbered tubes are 1 100, 1:200, 1 500, 1. 

1 '20,000. Note agglutination in 1 10,000 but not in 1:20,000. 


This preferential absorption makes possible the breakdown of the antigenic 
mosaic of the bacterial cell into component parts. For example, an antiserum 
prepared against a bacterium containing antigens A, B and C will contain 
antibodies a, b and c. If such an antiserum is absorbed by a second bacterium 
which contains antigens B and C, antibodies b and c will be removed leaving a 
intact, and the antiserum will still agglutinate its homologous bacterium, up- 
pose an antiserum is prepared against the second bacterium which wi con am 
antibodies b and c. If this serum is absorbed by the bacterium containing an i 
gens A, B and C, it will no longer agglutinate its homologous antigen, or a 
the antibodies will have been removed. Clearly, then, the complete a sorp i 
of a known serum by an unknown organism does not indicate t at t e 
known organism is necessarily mimunologically identical with that \ut " 
the known serum was prepared; to prove such immunological *“ e ? j 

ror absorption” must carried out, i.e., each antiserum absorbe \u 
organism. , , $ome 

The agglutination test and agglutinin absorption, j US ^' - n %v j 1 j c h 

extent in the diagnosis of infectious disease (as in the »\ ida tes ' , » 

typhoid bacilli are mixed with patient's serum), have been roun pa jn 
valuable in the study of the relation of bacterial species to one anot e 
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of appeal ; hut neither from this source nor from any other should we accept 
hasty judgments. v 

The experimental data at present available may ho summarized as follows; 

Wobstcr and his colleagues (Webster 1023a, b, c, d, 1024a, b, c, d, 1025, 1925, 1927 
1 928, 1 930d, b, c, Webster and lhim 1020, 1027a, b) have shown quite clearly that different 
strains of the same bacterium, isolated at different periods of tho same epidemic prevalence, 
may possess an approximately equal virulence os judged by direct inoculation tests, 
including inoculation into tho stomach through an oesophageal tube. This, indeed, was 
their constant finding with tho strains they examined. They conclude that changes in 
bacterial virulence play no part in tho fluctuations in mortality that may bo observed 
at different stages of a Jong-continued epidemic prevalence. These they would regard 
as duo to changes in tho averago host resistance, and particularly to innato differences 
among tho hosts at risk, or to seasonal or dietetic factors, that affect resistance in some 
non-specific way. They bavo, however, recorded differences in virulenco among strains 
of tho tumio bacterial species isolated from different epidemic prevalences of the earn 
infective disease (Webster 1030/, Hughes 1930, Hughes and Pritchett 1030, Pritchett, 
lleaudotto and Hughes 1030a, b), and they would regard these differences in virulence as 
determining certain observed differences in behaviour between ono epidemic and another 
— for instance, differences in tho proportion of carrior infections to fatal cases of the disease. 
More recently Webster and Clow (1933) recorded an interesting scries of observations on 
tho variations in tho virulence of pneumococci for mice. They found that a strain of high 
virulence, as judged by intrapcritoncal injection, might bo of low virulenco as judged by 
injection into tho nasal cavity ; and that a strain of high initial intranasal and intra. 
peritoneal virulenco might, ns tho result of passage from noso to nose, loso all, or almost 
all, its intranasal virulence, without affecting its intrapcritoncal virulence. These 
findings did not, however, lead them to modify their earlier conclusions. Webster’s main 
contention is that tho course of any particular epidemic is determined essentially hy the 
level of genetic resistance of the individuals composing the herd (Webster 1940). 

We have so far considered variations in virulence ; but virulence may not be 
the only factor concerned. If we assume the possible existence of another factor, 
labelling it injectivity and defining it ns the capacity to spread from one host to another 
under any specified conditions of exposure to risk of infection, wc may inquire whether 
infectivity is so highly correlated with virulence that we may regard them 83 
synonymous terms. 


Tho evidence available (Toploy, Greenwood, Wilson nnd New bold I92S) suggests, as 
would be expected, that those strains of Salm. typhi-murium that arc capable of spreading 
rapidly among a herd of mice, giving rise to severe epidemics of mouse typhoid tn< 8 
high mortality rate, arc always of relatively high virulenco ns judged by direct in r ® 
•. ---» ! lain., n,„] R| mins of low virulence arc incapable of giving nse^ 

. * 


n occasional death, among the normal iuicu i- 1 !”-* ^ 


■ . ‘ an 

of this organism, isolated originally trom an imecieu . 0 f 

unusual combination of characters (Toploy, Greenwood and Wilson 193 ). . ^ 

moderately high virulence, killing in repeated tests some 65-75 pet cent, o ^ ntac ^ 

with 100-1,000 bacilli, but it possessed little power of producing severe epidemics y ^ 

infection. In six closed epidemics, in each of which 100 normal mice were 
infection from 25 infected companions, tho average limited survival time ot w 
mice mas 51-27 days— not far short of the normal limit. The proportion 
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some instances, as in the case of the Salmonella (Chapter 19), complex anti- 
genic formulae have been worked out. The determination of the components 
of the antigenic mosaic of a bacterial species is termed antigenic analysts 

The Prozotte Phenomenon. It is not infrequently observ ed that immune sera 
showing high agglutinin titers fad to agglutinate the homologous bacteria 
in Ion* dilutions, j.c., 1 100 or less. This portion of the dilution range is 
designated as the prozone or proagglurmoid zone. Prozones, although occa- 
sionally observed with fresh sera, are more common and extend over a wider 
range with old or heated sera. The prozone observed with fresh scrum is com 
monly assumed to be associated with the presence of complement and some 
other factor, while that shown by heated scrum is attributed to the combina- 
tion of scrum albumin with immune globulin or with the antigen antibodv 
complex in such a way as to prevent aggregation. 4 '' 

"H" and “O" Agglutination. A number of bacterial species, particularly 
Salmonella, Proteus and certain others, may agglutinate in one of two wavs. 
Macroscopically the “I I” agglutination gives rise to a loose, (locculent pre- 
cipitate, and upon microscopic examination it may he observed that the bac- 
terial clumps arc loose, the flagella of the microorganisms being entangled 
with one another. The “O" agglutination, on the other hand, produces a finch 
granular precipitate in which the individual bacteria! cells arc closely packed 
together These types of agglutination have been shown in micromotion pic- 
tures by Pijpcr.'" They arc a consequence of the presence or absence of the 
flagellar, hcat-labilc "I I” antigen. Immunization with the whole bacteria! cell 
containing both flagellar and somatic antigenic components gives rise to anti 
sera containing both tv pcs of antibody, the “11" gencrallv in high titer while 
the “O" antibody is commonly active in dilutions of less than 1 1000. 

Si'ontancous Agglutination. Some strains of bacteria do not form stable 
suspensions and arc said to be spontaneously agghmnable. This behavior j\ 
particularly characteristic of rough v ariants and. although not an immunological 
phenomenon, is frequently of practical importance in agglutination studies 

Cold Agglutinins. Autohcmagglutinins which clump red cells at 0° C but 
^voi'at 37° G have been described as occurring in primary atypical pneum onia 
(p 870) and a variety of other conditions including trypanosomiasis, mumps, 
homo)) tic anemia. The significance of these agglutinins and their relation to 
the usual immune agglutinins is not clear'*, possibly the phenomenon is re 
kited to the amibojv-hke activity of so-called acute phase scrum (p 306). 

The Mechanism of Agglutination.^- The clumping of bacteria under the 
influence of immune scrum may be taken as cv idcncc /vr sc that a force attract 
mg the cells to one another is operative at least at tunes. Similarly, the fait 
that bacteria are not in a enn-tant state of agglutination is indicative of a force 
which tends to hold the cellsajurt from vine another. The attraettveor cohesive 
force is probably that of surface tension, i.r.. the intcrfaci.il tension at the cell 
surface, and the repulsion that of like electrical charges, for. as pointed out 
previously, bacteria arc ncgitivclv charged at pi Is compatible with viability 

4 *Sre i!>r disunion W Him: Brit. Jour. Csp. PaiJi.. 1947, 2x9*}. 

** Pijper Jour. B-irt., 1941, a? 395. 

" l\x i nuance, wr Finland Prtrmn »nd lUrnev Jn«r Om. Immug, 194$. ga 47J. 
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HERD INFECTION AND HERD IMMUNITY 

Observations on f.ltrable viruses parallel in most respects those on bactem 
I he mam difference appears to consist m the greater labiltty of the viruses and in 
the wider range of variations in virulence of a given virus observed under natural 
conditions. 


Fenner (19406), working With tlic ectromelia virus, was able to confirm the distinction 
observed by Topley and Greenwood in Nairn . iyphi-murium, between virulence and m- 
fectmty. Two strains, lor example, had almost the same degree of virulence for mice 
as judged by direct pad inoculation, yet varied greatly in their power to infect mice under 
natural conditions. That the difference in infectivity was not due to increased contamina- 
tion of the environment by one of the strains was shown by exposing mice to the risk of 
infection with the same number of virus particles. The difference, however, between the 
two strains was considerably diminished when the infective dose was increased. 

Most viruses so far studied can be adapted to different hosts from those in w Inch the; 
arc normally found. Sometimes only a few- passages through the chick embryo, the mouse, 
or some other animal are necessary to modify their original characters ; sometimes 50, 
100 or more passages are required. With this degree of plasticity, it is not surprising that 
several variants of the same virus are often met with under natural conditions. Good 
examples are those of foot-and-mouth disease and poliomyelitis ; but the most striking 
example of all, about which we know most, is the influenza virus. The variations of tWa 
virus are discussed at some fength in Chapter 74 and there is no need to describe them again 
here. Suffice it to say, however, that from nearly every epidemic of recent years a strain 
has been isolated differing to a greater or Jess extent from strains met with previously; 
and sometimes in the same epidemic strains of different virulence have been isolated, 
judged both by their behaviour in the human population and in experimental animals 
(see Wilson Smith 1051, Isaacs, Gfedhiff and Andrews 1952 j. Even in influenza, howew, 
no conclusive evidence has yet been brought to show that the rise and fall of a given epi- 
demic is determined by variations in the virulence or infectivity of the strain responsible. 

In summary ; variations in virulence in a bacterial parasite daring an epidemic 
prevalence have often been sought for with negative results. There is, however, 
experimental evidence that different strains of the same bacterial parasite, possessing 
different degrees of virulence or of infectivity, produce very different results when 
they are allowed to spread by natural infection among a susceptible herd. There 
is some evidence that a bacterial parasite may vary in infectivity during an expert 
mental epidemic, though there is as yet no satisfactory proof that the resulting 
variant influences the progress of the epidemic Taking the experimental evidence 
as a whole, it would seem to accord quite w’cll with the view, expressed by man } 
epidemiologists, that variations in the characters of the parasite utc of 
importance in the spread of human infections, and that an outbreak of ^ , ‘' ease 
may be initiated by the evolution, or importation, of an 14 epidemic strain o t w 
causative organism. Nevertheless, it seems probable that, with the excep ion 
perhaps of certain viruses, the evolution within any parasitic species of a dram o 
high epidemicity or virulence is an occasional event, rather than part of a nor “ 
or periodic process determining the fluctuations in mortality and morbidity that 
may occur during a long-continued epidemic. 


The Role of other Factors in Herd Infection and Herd Immunity. 

All those factors that affect the resistance of the individnal wil a ec 
average resistance of the herd of which he is a member. 

been adequately studied have been considered more or J^W^KrtribitiL of 
There are, as we have said, special factors, such as the spatial distribution 





On the basis of such reasoning it would appear that the balance between these 
opposing forces determines whether the microorganisms will form a stable 
suspension or whether they will clump together and settle out. 

It was early observed that the presence of an electrolyte is essential to ag- 
glutination; if both immune serum and bacterial suspension are dialyzed free 
of salt before mixing, the cells are not agglutinated, but if a trace of salt is 
added to the mixture, agglutination takes place at once. This behavior, it will 
he seen, corresponds to that of a mixture of two colloids of opposite charge, 




mini 


1111111 


Fig 37. The immune response in the rabbit to the antigenic complex of ’” 0 ' ,p 
braitdenburg. Upper left, H and O agglutinin titers, showing the usual marked iscrcp 
ancy between the two Lower left, the differential response to the two comporwo s o 
the O antigen Upper and lower right, the response to the components ci die ' 

Note the independent behavior of the antibodies as indicated by variation in pea • 

All titers determined by direct agglutination of heterologous antigens « ithout agg 
absorption. 


such as gum mastic and gelatin, when the one is added in too sm3 an 
amount to precipitate in the absence of salt. That the repelling effect o e cc 
trical charge is an important factor is also indicated by the aggluMnawon 
bacteria in the absence of antibody when the pH is lowered to the . 

point of the cells, a phenomenon termed acid agglutination It was or 
thought that bacterial species might be sharply differentiated from on ‘ . 
Other on the basis of the pH of their acid agglutination, but this has not p 
to be true/* 3 

For a summary of the literature see Gomvens: Jour. Inf Dis.. 1923. 33 113. 
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HERD INFECTION AND HERD IMMUNITY 


are sufficient to induce major changes in the incidence of many infective diseases 
(Topley 1942 ; see also McKendrick 1940). Many other factors have been studied 
in far greater detail but with less control under field conditions. Some day we 
may be able to work these factors into our immunological picture in terms of the 
effects produced by changes in the rate at which infection is received, or in the 
rate at which immunization proceeds (see for instance Dudley 1923) ; hut that 
day has not come yet. 


The Control of Herd Infection. The study of herd infection and herd immunity 
by the methods described above is as yet in its infancy, but it has already modified 
many of our conceptions with regard to the administrative control of epidemic 
disease. Isolation and quarantine, for instance, have, in the past, played a major 
part in public health administration. A very cursory consideration of the various 
types of distribution of a bacterial parasite within an infected herd that have 
been described earlier in this chapter, and of the results obtained in experimental 
epidemics, will raise serious doubts as to the probable efficacy of such measures. 
In the case of quarantine, it is clear that it can succeed only where it is complete ; 
and the history of sanitary control suggests that successful quarantine is possible 
only under very exceptional conditions, and over relatively short periods of time. 
The carrier and the atypical case defeat a sanitary barrier, just as they defeat 
isolation ; and, under the conditions of modern transit, there seems little possibility 
of preventing the introduction into any one part of the inhabited world of any 
infective parasite which is prevalent in another. Once the harrier is passed, the 
subsequent course of events will depend upon the conditions obtaining within the 


community into which infection has been introduced. 

The policy of the isolation of sick persons within a community is based on a 
similar failure to realize that the clinical picture provides a very incomplete de- 
scription of the true state of affairs. If isolation removed from the community the 
whole, or even the great majority, of the infected individuals, it might be expected 
to exert a considerable influence on the prevalence of an infective disease. But 
if the ratio of latent or atypical infections to clinically recognizable cases is high, 
we cannot hope to effect any marked reduction in the morbidity rate by removing 
to hospital those cases which exhibit the typical stigmata of the disease. V?e uwy 
indeed effect a smaller reduction in the total infective material than the ratio o 
isolated to non-isolated, among infected individuals, would suggest ; for the sic 
person would, in any case, move less freely among his fellows than the apparen y 
healthy carrier. As in the case of quarantine, we should expect a policy of iso ation 
to be successful only in exceptional circumstances, when the recognizable 
form a very high proportion of the total infected, and when the total mass o lQ 
fection to be dealt with is small. Once a given infective disease has assume «n 
endemic-epidemic prevalence within a herd, we should expect no appreciable resu 
from the isolation hospital, so far as a reduction in morbidity is concerned, 
interesting to find that the expectations based on bacteriological and expertfnen 
findings are borne out by administrative experience. Thus, an attempt has 
made, by an analysis of the available records, to answer the question : Does os ^ 
isolation have any effect upon the incidence of scarlet fever ? All app ica 1 . t 
the calculus of correlations have wholly failed to bring out any connec ion w 
between the incidence rate of scarlet fever and the extent of isolation \ see . ^ 
wood and Topley 1925) The value of the isolation hospital must apparen y 
judged by the benefit which it confers on the sick within its walls , or i 
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The agglutination of bacterial cells is, however, a function not only of elec- 
trical charge on the cells but also of the cohesive forces tending to draw them 
together. The studies of Northrup and DcKruif' 4 in which both potential 
difference (between the cells and the suspending medium) and cohesive force 
were directly measured bare shed considerable light on the mechanism of 
agglutination. These workers found that electrolytes in low concentration 
(0.01 N) affect primarily the potential, and in high concentration also de- 
crease the cohesive force. If the cohesive force is not affected, agglutination 
occurs when the potential is reduced below the critical point of 15 millivolts. 
If, howcicr, the cohesive force is decreased, the critical potential is also de- 
creased and, therefore, in concentrated salt solutions agglutination does not 
take place even though there is no measurable potential. Immune serum, pre- 
sumably adsorbed on the surface of the bacterial cells, while reducing the 
charge somewhat, appears to function by pre\ enting the salt from decreasing 
the cohesive force, and agglutination occurs at the critical point of 15 milli- 
volts. Furthermore, if the potential difference is reduced by electrolyte to 15 
millivolts or less in a bacterial suspension, the addition of immune scrum 
raises the reduced cohesive force and agglutination takes place. Examination of 
typhoid bacilli by the electron microscope in the presence of immune scrum 
has shown that the flagella become thickened by the deposition of an antibody 
film approximately 21 A thick and the cell walls become more opaque and less 
definite in outline. The scrum-scnsitizcd surfaces appear to be sticky, not only 
for one another, but also for other particulate matter.” 

The presence of antigenic cell components may interfere with or prevent 
agglutination of bacteria by homologous antiserum. The presence of Vi anti- 
gen (p. 451) in typhoid bacilli, for example, renders them inagglutinablc with 
homologous O antiserum, but they become agglutinablc as the interfering 
antigen disappears during successive subcultures. Similarly, colon bacilli con- 
tain a thcrmolabilc component of the t*n\ elope antigen (p. 424), the L antigen, 
which inhibits agglutination with O antiserum, but the bacterial suspension 
becomes agglutinablc when this component is destroyed by boiling. Possibly 
the blocking effect is physical in nature in that the O antigen is covered, 
though it xxould seem that the forces operative in antigen -antibody union 
would be effective oxer the distance imposed by a monomolccular layer of 
immune globulin. 

Precipitin*. The mixture of an immune scrum prepared against a soluble 
antigen, such as egg albumin, with its homologous antigen results in the forma- 
ation of a precipitate. This phenomenon is termed the precipitin reaction and 
the antibody a precipitin; the antigen is sometimes designated as a precipitino- 
gen. The physical state of the antigen used for immunization is not of par- 
ticular importance; antibacterial sera, for example, will give precipitates when 
mixed with preparations of the soluble cell substance of the microorganisms, 
and precipitins may almost alxvays lie demonstrated in lytic, antitoxic, opsonic 
and agglutinating antisera. It has been found in the first instance that the 
j»rccipitate will fix complement and the flocculation of toxin antitoxin mixtures 
has Ixxn referred to alwivc. Like agglutination, precipitation docs not occur in 

14 NVxihoip and DcKruif Jrsir. G<n Phvo>4 . 1922, J^>39. 655. 

** Mmll *n<l An<lm>'n ImmwivJ , |*M|, -12 251 
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the absence of electrolyte and does not require the presence of heat-labile sub- 
stances such as complement 

In contrast to the agglutination test, the precipitin test is carried out with 
undiluted, or only slightly diluted, serum but the antigen solution is diluted 
in series. The reagents may be mixed in the usual way, or the antiserum 
may be pipetted into very small test tubes and the solutions of diluted antigen 
carefully layered on top with no mixing. In the first instance a precipitate is 
formed which settles out like agglutinated bacteria, while in the second a pre- 
cipitate forms at the interface between serum and antigen solution. The latter 
test is termed a “ring test." The end point of either test may be taken as the 
highest antigen dilution with which the serum forms an observable precipitate 
and the titer of the serum given in these terms. Potent antisera may have ex- 
tremely high titers, precipitating antigen in dilutions of 1:100,000 to 1:5,- 
000,000. A more accurate measure of the precipitin content of an antiserum, 
however, is that of the antigen dilution in which precipitation first occurs (and 
generally is heaviest), for it is at this point, sometimes termed the equivalence 
zone, that the antigen-antibody ratio is optimal for precipitation. Two such 
optimal ratios may be distinguished, one when the antigen is held constant 
and the antibody added in increasing amounts and the other when the anti- 
body is constant and antigen is added. The two are not necessarily identical, 
as might be expected, although very nearly so in the Ramon flocculation, in 
which the end point is clearly that of optimum antigen-antibody ratio. In other 
instances the amount of antibody required for most rapid flocculation when the 
antigen is kept constant may be six to eight times as much as when the anti- 
body is kept constant. The explanation of this phenomenon lies in the variable 
proportions of antigen and antibody which make up the precipitate, as will 
appear in a later section. 

The precipitate formed consists of antigen and antibody in variable pro- 
portions depending upon the relative amounts of the reacting substances. the 
antigen is diluted rather than the antiserum because relatively large amounts 
of antibody are required. As in the agglutination reaction, antibody is adsor e 
on to the surface of the antigen, but, since the antigen molecules are. muc ^ 
smaller than the bacterial cells, the surface to be covered is proportions ) 
greater and consequently large amounts of antibody are required. It fo o»s, 
of course, that the proportion of antibody to antigen is much greater m 
precipitate formed than in agglutinated bacteria. 50 The mechanism o _ 
precipitin reaction is probably essentially that of agglutination, molecu es in 
stead of bacteria being clumped. It will be discussed at greater lengt m 
later section, . . •, 

The close relation between the precipitation and agglutination reac jon ^ 
indicated by the agglutination by a precipitating antiserum of partic es o i ^ 
material, such as collodion, upon which the antigen has been adsor e . 
particles then behave as particles of antigen and may be set up wit . e 

tions of antiserum as in the agglutination test. 57 Goodner has came , 
reaction in the reverse by adding collodion particles to the antigen 

60 Cf. Zinsser: Jour. Immunol., 1930, 18-483. 

5T Cannon and Marshall: Jour. Immunol., 1940, 38:365. 

® 9 Goodner: Science, 1941, 94 . 241, 



U02 ACTINOMYCOSIS, ACTINOBACILLOSIS, AND DELATED DISEASES 

another group the organisms form a felted mycelium -without any radial arrant 
ment, and without any formation of granules. Some authors prefer to limit the 
term actinomycosis to diseases of the former group, denoting those of the latter 
group by such terms as Streptotbricosis, Cladothricosis, Oosporosis, Pseudo- 
tuberculosis, Para-actinomycosis, or Pseudo-actinomycosis. In Chapter H we 
have given our reasons for including all the filamentous branching organisms in 
the Actinomyces group. The logical consequence of this is to classify all diseases 
caused by these organisms under the name of Actinomycosis. This terra, bowet er, 
is often used in a broad sense to include chronic granuloraata characterized by club 
formation. Such granulomata are in fact sometimes caused by Staph, aureus or 
0. pyogenes, and though their inclusion may be justified on clinical grounds, it leads 
to great confusion bacteriologically. We therefore propose to exclude from Actino- 
mycosis the granulomatous lesions of cattle and swine that are caused by organisms 
other than those belonging to the Actinomyces group. The staphylococcal lesions 
are better referred to as Botriomycosis (see Chapter 67). 

Actinomycosis. 

A. Due to Actinomyces bovis of Wolff and Israel. True ray-fungus disease in 

man and cattle. Granules or Druscti formed in tissues. Anaerobic. 

B. Due to Actinomyces — aerobic types. 

(1 ) Non-acid-fast group. Madura foot — granules found in tissues. Other 

lesions in man and animals — no granules found in tissues. 

(2) Acid-fast group — chiefly pulmonary and abdominal infections in 

man. No granules formed in tissues. Farcy of cattle— no granules 
formed in tissues. 

Actinobacillosis. 

Due to bacilli. 

(1) Actuwhacillns lignieresi of Lignicrea and Spitz. Actinobacillosis in 

cattle. Granules or Drttsen formed in tissues. 

(2) Adinobacillus achnoides of Theobald Smith. Broncho-pneumonia of 

calves : pneumonia of rats. No granules formed in tissues. 

(3) Actinobacillus muns Bat-bite fever (one type) in man, and infective 

arthritis in mice. No granules formed in tissues. 


ACTINOMYCOSIS 

A. Due to Actinomyces bovis Wolf! and Israel 
Epidemiology. — Actinomycosis in man is not a common disease. According 
to van der Hoeden’s (1939) observations in the Netherlands, it is three times as 
common in males as in females, and ten times as common in rural districts as 
in large towns ; about 80 per cent- of the cases occur in patients over 20 years 
of age. The cervico-facial region is the commonest situation attacked. Tab e 
compiled from cases observed by lllich and by Leith (see Pelepme 1915), an 
Colebrook (1921), indicates the distribution of the lesions- Cope (193S) collect? 
a rather larger series of cases in bis monograph on actinomycosis, hut the per 
centnge distribution is much the same. 

The fatality of the disease depends largely on the site affected c ‘ , 

of cervico-facial infection observed by Colebrook (1921), 9 recovers . on 
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mixture, the complex being adsorbed and the particles agglutinated, he has 
called this “collodion fixation.” 

The precipitin reaction occurs not only between antibody and complete anti- 
gen but also with some partial antigens or haptenes. An antipncumococcus 
scrum, for example, will react not only with a solution of the pneumococcus 
cell substance but also with pure capsular polysaccharide. When the haptene 
is of high molecular weight, as in the cjsc of the pol> saccharides, a visible 
precipitate is formed, but when it is a simple compound such as an organic 
acid or monosaccharide no observable precipitate appears. The reaction be- 
tween antibody and such haptenes may, however, be shown by the fact that 
antisera treated with haptene will no longer precipitate the complete antigen, 
the antibody has already reacted with the partial antigen. The development of 
knowledge of the haptenes has made possible quantitative studies on the anti- 
gen-antibody reactions, when both reacting substances arc proteins the two 
cannot be distinguished by chemical methods in a precipitate, but if the one 
be a polysaccharide and the other a protein, the reacting substances arc readily 
differentiated and determined by ordinary anal) tical methods. 

The precipitin reaction, like the other immunological reactions, is highly 
specific, but cross reactions arc observed between chemically similar antigens 
that arc analogous to “group agglutination." Such cross reactions occur be- 
tween antisera for the blood proteins of man, chimpanzees, gorillas and various 
species oF monkeys An antihuman scrum prepared by immunizing a monkey, 
however, docs not show cross reaction with that monkey’s scrum. Other im- 

1 * ’ ' ’■ .t---.i-.-i. _.v.- -— --.-f various animal 

■ • • ' ■ m also In most 

• ■ ■ • .* Ic so by the use 

of slightly diluted sera, and the simplicity and accuracy of the precipitin test 
have resulted in its frequent use in forensic medicine. The differentiation be- 
tween chicken blood and human blood bv the precipitin test in a case of sus- 
pected murder, for example, has the highest standing as evidence in court. 

The studies of Landstcincr and others on the chemical basis of the specificity 
• * • •* ' precipitin 

. . ■ ■ : if antigens 

, ■ ; ■ ‘ : ■ . ■ >is for the 

understanding of cross reactions. 

A!»In«lin. The existence of an antibody which inhibits the reproduction 
of an invading microorganism was postulated by Ascob v * on the basis of his 
experiments with the anthrax bacillus Similar results were reported later by 
Dochcz and Avery* 0 for tbc pneumococcus which suggested that immune 
scrum temporarily inhibited the multiplication of these organisms and de- 
pressed their proteolytic and glycol) tic activities. Ibis effect was attributed to 
“antiblastic* or reproduction inhibiting antibodies present in the immune 
serum. In reported experiments with bacteria, however, the resvilts may !« 
interpreted in other ways, and the existence of an ablasrin for bacteria has 
not been conclusively demonstrated. 

2uchr. f. pbj-jiol. Ch«n., 1906, -iS -220, CenirdM. I. JlAf, Al>t. 11, 1909, 

4 6 178. 

JVx!>r» and Avtry J«ur. Med., 1916, 23-61. 
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view appeared probable because the organism was found to lead a saprophytic 
existence outside the body, being frequently isolated from grasses and cereals, and 
because awns of grasses, or barley spikes, are not uncommonly found in the actual 
lesions. But now that Bostroera’s organism is regarded as an accidental contamin- 
ant, and the organism isolated by Wolff and Israel as the true cause of the disease, 
this hypothesis has been abandoned. Wolff and Israel’s organism appears to he a 
strict parasite ; it has never been found outside the animal body, and its survival 
in artificial culture is brief. These facts suggest that the disease is transmitted by 
infected pus, saliva, or nasal discharge. 

Strong evidence in favour of this view is provided by the work of Naeslund 
(1925, 192G, 1929) who, in a study of the flora of the human mouth, succeeded in 
isolating both aerobic and anaerobic types of Actinomyces, The anaerobic types 
were indistinguishable from Actinomyces bovis, and were more frequently met with 

than the aerobic types. They were, 
moreover, isolated from a high 
proportion of salivary calculi, thus 
supporting Soderlund’s (1921) view 
that the formation of these calculi 
must be regarded as a specific result 
of actinomycotic infection. The 
same organisms also seemed to 
play an important part in the de- 
velopment of dental tartar. Bibby 

* i '■’* , anc * Knighton (1911) regard Naes- 

y ^ jt~ V*' * * 1 '* - lund’s micro-aerophilic and anae- 

~ • * • * * ’ • ' robic strains as probably belonging 

to the leptolhrix group; but the 
work of Lord and Trevctt (1936), 
Emmons (1938), Sullivan and Golds- 
' worthy (1940), and Slack (1912) 

jp IQ „ 7< , seems to leave little doubt of the 

occurrence of true Actinomyces 
V t°L^oFjol ^ i-^ngaiahable from tie 

of clubs ( x 350), Wolff-Israel type, m the human 

mouth, notably in diseased tonsils, 
carious teeth, and pyorrhoeal pus. If this organism is accepted as an inhabitant 
of the human mouth, the factors predisposing to the development of actinomycosis 
remain to be determined Possibly’ suitable necrotic foci, such as -eptic teeth, 
have to be present in which the organisms can develop under anaerobic con- 
ditions, or other organisms may be necessary to favour its growth (Holm 1959} 
There are records of three cases in which the disease followed a human bite (s* e 
Robinson 1914). 

Bacteriology. — In the tissues Actinomyces grows in the lorm of colonies ot 
Dmsen, which macroscopically have the appearance of small granules, 
section suitably stained reveals the presence of a central mass of P a * 
necrotic material, in which branching filaments may be recognize » 
a peripheral zone of swollen bodies looking like clubs and arranged ra w J* 
The clubs are surrounded by r pus cells, outside of which there are ®?!? e 
gations of mononuclear cells and dense masses of fibrous tissue. The co o , 


' V 

t * * « tf t 
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A reproduction-inhibiting antibody developed in response to invasion with 
certain of the parasitic protozoa, trypanosomes, was independently discovered 
by Taliaferro . 61 In this case the activity of the antibody was sharply differen- 
tiated from that of coexisting lysin and was demonstrable directly by cessation 
of cell division and indirectly in terms of variability in size of the microorgan- 
isms, i.e., in a population of rapidly reproducing organisms the size of the 
individual cells is subject to wide variation whereas size is relatively constant 
in a population consisting entirely of adult forms. It is not necessary, however, 
to postulate the existence of an antibody which specifically inhibits reproduc- 
tion, for the consequences of the union of antibody with the antigen of the 
living microorganism may well be such as to inhibit normal physiological func- 
tions including those associated with growth and cell division. For example, 
Nippostrongylus larvae in and about which immune precipitates have been 
formed are stunted and immobilized. 

Perhaps related to ablastins are the “non-absorbable” antibodies which hate 
been demonstrated in certain worm infections Campbell 62 has found that anti- 
bodies to the larval tapeworm, Cysticerus crassicollis, present during the later 
stages of infection, cannot be absorbed from the serum by treatment with the 
parasites. He regarded these nonabsorbable protective substances as anti- 
enzymes, whose presence interferes with the processes of growth and repro- 
duction, but which are not absorbed because the antigen is elaborated only by 
actively metabolizing cells and is not present in those which are physiologically 
quiescent. 

Possibly to be regarded in the same light is the precipitin present in con- 
valescent yellow fever serum which reacts with yellow fever serum taken dur- 
ing the acute stage of the disease but not with the virus . 63 This phenomenon, 
however, has been interpreted by some as indicative of the presence of a 
“pathological protein’’ in yellow fever. Avery and his co-workers 61 have ob- 
served a similar protein which appeared in the blood of human beings and o 
monkeys in various etiologically unrelated infections, and which formed a 
precipitate with the C substance (somatic polysaccharide) of iw^mococci. 
Serum showing this activity has been called “acute phase serum. The rc ^ c 
tive protein has been separated from serum proteins in crystalline form \ 
McCarty 63 and shown to be immunologically specific 

Neutralizing Antibodies. In the light of the capacity of an immune 
serum to lyse, kill or sensitize bacteria to phagocytosis, it follows t at t ein 
jection of a suspension of pathogenic bacteria in homologous immune sc ^ ^ 
may have less serious consequences to the susceptible animal than t c ino 
tion of the bacteria alone. Since the usual serological reactions ma> 
out with the filterable viruses only at considerable inconvenience wn ^ 
difficulties in the preparation of the antigen and the like (p. J > 1 0 f 
come customary to evaluate the antibody content of antivira sera in 


81 Cf. Taliaferro Amcx. Jour. Hyg , 1932, 16*32. , _ igja 5512. 

82 Campbell: Jour. Immunol., 1938, 35*195, 205, 465, Jour, n 

83 Hughes. Jour. Immunol., 1933, 25*275. Jft . See ab« 

84 Avery, Abernathy and MacLeod: Jour. Exp Med., 19 > ' ~ > 1943, Suppl • 

Lofstrom. Brit Jour. Exp, Path., 1944, 25 21, Lofstrom: Acta 1 

141:1, Hedlune. ibid., 1947, Suppl. 196*596. 

85 -McCarty: Jour. Exp. Med., 1947, 85:491. 
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Magnnsson found that, though the disease could not be satisfactorily reproduced 
in small animals, it was possible to set up typical actinomycotic lesions by the 
inoculation of pure cultures into cattle. That it has not been cultured from all 
cases of the disease is probably explained by technical difficulties, especially wben 
the lesion is invaded by secondary organisms, and by the not infrequent sterility 
of granules from old lesions. 

We may conclude that the evidence in favour of the etiological role of the 
Actinomyces bovis described by Wolff and Israel is sufficient to justify us in 
accepting this organism as the cause of that variety of actinomycosis which h 
characterized by tbe presence in the tissues of the typical ray fungus. 

It may not, however, be the only member of the Actinomyces group that ii 
capable of giving rise to the disease. Holm (1950) for example, found that of 
219 anaerobic strains cultivated from human cases only 122 conformed to the 
WoKT-Israel species ; the remaining 97 strains fell chiefly into 3 different species, 
which have not yet been fully studied. Holm lays great stress on the invariable 
accompaniment of Actinomyces bovis and these newly recognized species by other 
organisms — mainly anaerobic bacilli and cocci ; of these, one of the commonest 
is the organism described by Klinger in 1912 as B actinomycetem comitans, and 
subsequently noted by ‘Colebrook (1920) and Bayne-Joncs (1925) (see p. 473) 
Holm postulates that actinomycosis is caused by Actinomyces bovis acting not alone, 
but in synergism with other anaerobic organisms It should be added that Actino- 
bacillus aclinoniycelem-comitans is occasionally isolated in pure culture from closed 
lesions (Goldsworthy 1938, Thjotta and Sydnes 1951). 

Diagnosis, Prophylaxis and Trealment.— Diagnosis is made by microscopical 
and cultural examination of the affected tissues. The granules should be crushed 
between slides and stained by Gram’s method. If calcified, they should first he 
treated with hydrochloric acid. The presence of a mycelium of Gram-positive 
filaments surrounded by radially disposed Gram-negative clubs is characteristic 
of actinomycosis. Cultures arc made from fresh young granules only; after 
thorough washing, they are seeded into a number of tubes containing blood broth 
(Gordon 1920), glucose agar, or serum agar ; incubation is carried out under both 
aeroVic and anaerobic conditions, preiera'biy in an nVmuspVin-fc to Wl 
cent. C0 2 has been added. Rosebury, Epps and Clark (1944) prefer to streak t e 
unwashed granule or the pus on to four plates in series of Bacto brain heart infusion 
agar and to incubate in an anaerobic atmosphere to which 5 per cent. CO. is a e • 
Primary cultures are frequently contaminated ; single colonies should, there ore 
be picked off to obtain pure cultures. Examination of the agglutinating P°* €r 
of the patient’s serum to the organism isolated should be carried out if P os31 ® 
In pulmonary actinomycosis in man the sputum is tough, often viscous, an s0 "? e 
times haemorrhagic ; the typical granules can be found on examination { ar ‘ 
and Grondahl 1911). Most of tbe abdominal cases commence in the apP e ™. 
In the rare cases of actinomycotic meningitis, the primary lesions are gener 
in the lungs and bronchial glands (Henry 1910). .. e 

As we are still ignorant of the factors determining the development of tbe a » 
it is difficult to lay down prophylactic measures against it. It is clear, bo^cve , 
the discharge from the lesions should be considered dangerous, and every ca 
to prevent its coming into contact with man or other animals. ..brook 

Though vaccine therapy was reported on favourably in the ]>a s 
192), Negroni 1937), treatment of the disease is now carried out main) 


The Nature of Antibodies 307 

their neutralizing capacities, t.e., ability to prevent infection when injected 
with the infectious material. This technique is, however, not confined to the 
filterable viruses, for the “protective titers” of certain antibacterial sera, as, for 
example, in studies on the efficacy of typhoid immunization (p. 461), have 
been found a more satisfactory measure of antibody content than the measure- 
ment of agglutinin, precipitin or other single antibody titers. It is becoming 
more and more generally used as a method of assay of the potency of antisera. 

In practice, varying amounts of immune serum are mixed with a constant 
amount of bacterial suspension or infectious material and injected into suscepti- 
ble animals either with or without a period of preliminary incubation. In this 
way a crude approximation of the neutralizing or protective capacity of an 
immune serum can be made. 

Whether the *\!rus neutralizing” or "protective” capacity of an immune 
scrum can be accounted for on the basis of the combined activity of the other 
known antibodies or whether other factors are involved is open to question. 
Since, however, the differentiation of the kinds of antibodies from one another 
is largely a matter of the technique by which the antigen-antibody reaction 
is demonstrated, as will appear, the neutralizing or protective action of an 
immune serum which is not identical with precipitin, agglutinin or other 
antibody is legitimately regarded as a separate antibody. 

The Nature of Antibodies. The question of the nature of the antibodies 
is one of no small practical as well as theoretical importance. Those substances 
are intimately associated, if not identical, with the globulin fraction of the 
scrum proteins and may be separated from the other scrum constituents, some- 
times by simple dilution with distilled water but more commonly by some salt- 
ing out procedure. With one or two exceptions, the range of salt concentration 
over which they are precipitated is broad and not sharply defined. Attempts 
to further differentiate the active fraction into cuglobulin and pscudoglobulm 
have not been successful, the antibody appearing sometimes in the one, some 
times in the other and not infrequently in both, depending upon the animal 
immunized. Electrophoretic fraction of scrum globulin in the Tisclius ap- 
paratus, however, allows the separation of three components on the basis of 
mobility. These arc designated a-globulin, jS-globulin and y-globulin in order 
of decreasing mobility. Antibody appears to be associated almost cxclusivcl) 
with the y-globulin fraction, though ^-globulin may occasionally show some 
activity. Probably the purest antibody preparations have been those obtained 
by dissociating antigen-antibody precipitates, the antibodj having been previ- 
ously purified by salting out; about 0.01 mg. of globulin per unit of diphtheria 
antitoxin is precipitated by toxin. North nip** has prepared crystalline diph- 
theria antitoxin which appears to be a pure protein, crystallizing in thin plates 
and containing 700,000 to 1,000,000 antitoxic units per gram. It has not been 
possible as vet, however, to separate antibody from scrum globulin and, in 
spite of older reports of the preparation of non protein antibody solutions, 
present evidence justifies the current belief that anltboiVes are modified scrum 
globulin. The physical and chemical properties of antibodies arc, then, those of 
globulin. More precise knowledge is obviously directly dependent upon the 
state of knowledge of protein chemistry, whose present unsat isfactorv nature 

“Noribmp Pnc. Atnrt. Phil. S*c., 191 1. 13. 
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Hcnrici and Gardner (1921) isolated a simitar organism from the sputum of 
a woman, which differed, however, in certain particulars, and which they called 
Actinomyces gypsoides. From the literature they were able to gather accounts of 
26 cases of infection with acid-fast Actinomyces. Infection probably occurs by 
inhalation ; the first lesions are in the peribronchial nodes. Later, caseous 
broncho-pneumonia develops, followed by central softening and cavity formation. 
Metastascs may occur. The duration of the illness is generally about 6 months 
These cases are liable to be confused with tuberculosis. Goldsworthy (1937) 
recommends that the organisms should be sought for in the sputum of all patients 
with obscure or unusual chronic infections of the lungs, especially when repeated 
attempts to demonstrate the tubercle bacillus have failed. The organisms are 
liable to be decolorized in the ordinary Zielil-Neelsen process, but their filamentous 
morphology is rendered strikingly evident by Gram's strain. Cultivation of the 
organism, and the exclusion of tuberculosis by inoculation of the sputum into 
guinea-pigs, should effect a differential diagnosis Penicillin appears to be of value 
in treatment. 

Actinomyces of the aerobic non-acid-fast type have been described in various 
lesions by numerous authors, such as in the bladder and prostate of a man with 
pyuria by Cohn (1913), in the purulent cornea by Namyslowski (1912), in the cerebro- 
spinal fluid of children with meningitis by Gcrbasi (1927), and in fatal infections 
of the lungs by Eiggart (1931) and Lynch and Holt (1915). 

(3) Cattle Farcy. Farcin du bceuf. 

Cattle farcy is characterized by the appearance— generally on the medial 
surface of the extremities — of firm, painless perivascular nodes, which later sup- 
purate. AVhen incised, they discharge a whitish, odourless mass resembling Bolt 
cheese (Report 1913). The regional lymph glands become converted into firm, 
painful tumours. It is a chronic disease lasting for a year or more, and marked 
in the later stages by severe cachexia. From the pus of an affected animal Nocard 
(1888) isolated an aerobic branching organism, now Known a? A dtfriomytesj 
Intravenous injection of pure cultures into a cow and a sheep resulted in the 
development of miliary nodules. The disease is not common in Europe , it u 
very prevalent in Guadeloupe, and has been recorded in India, and in Kenya 
(Daubney 1927). 


(4) Other Lesions in Cattle. 

Evans (1918) has recorded an infection of the udder of cows with an organism 
of the aerobic Actinomyces group. She succeeded in isolating it from 1 ou o 
21 samples of milk, in which it was present in considerable numbers. 


(5) Goats, Horses and Dogs. , , 

Silberschmidt (1890) isolated an organism of this group from three gutoj I ‘ s 

organism is called Aclinomyces capm. The same organism was later 01 
by Galli 'Valerio from tie lung of a goat. Bean (1000) cultivated a 
the group from ail abscess m the submaxillary region of a horse, awbeg 
Little (1048) described two cases in dogs One was caused by Ac >0 j 

and affected the mouth . the other was caused by a non-acid-fas o g. 
affected the abdomen 
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sera may, then, appear without invalidating the concept of the unity of anti- 
bodies; the flagellar agglutinins for the typhoid bacillus, for example, may have 
quite a different titer from that of precipitins for the cell substance. Similar 
discrepancies in complement-fixing and precipitin titers of antisera for pure 
antigens, such as egg albumin, in which only a single antibody is concerned, 
arc explained by the fact that antigen-antibody ratios optimal for complement 
fixation are not optimal for precipitation. 

The evidence for the essential identity of what were at first regarded as dis- 
tinct antibodies for a single antigen is indeed impressive, and the Unitarian 
hypothesis may be regarded as substantially in accord with the facts. 

TIIE ANTIGEN-ANTIBODY REACTION 
The mechanism of the antigen-antibody reaction has already been touched 
upon briefly in the preceding sections. The reaction between these two sub- 
stances may be considered here, however, at somewhat more length and in 
general terms. 

It will already be apparent that the antigen-antibody reaction appears to take 
place in two separate and distinct stages, the first in which the two combine 
and the second in which the consequences of that union appear as agglutina- 
tion, precipitation and the like. In mixtures the two processes undoubtedly go 
on at the same time; it is not necessary that the first proceed to completion 
before the second may be initiated. Direct evidence of such a two-step reaction 
is found in the union of antibody with simple haptenes, in which the former 
is saturated and unable to react further with complete antigen even though 
no second stage is observable. The theoretical aspects of this union are con- 
cerned not only with the actual mechanism of union but also with the at- 
tributes of antigen and antibody that make possible their reaction with one 
another. 

The only comprehensive formulation of the theoretical aspects of immu- 
nology is that of Ehrlich, 73 a formulation which has constituted the theoretica 
basis upon which a vast amount of experimental work has rested. Let us con 
sider Ehrlich’s basic concept, first as it was developed, and second in the lig 1 
of present knowledge. . . 

Ehrlich’s Receptor Theory. Ehrlich's attempt to develop a theoretical 
basis for the explanation of the immunological phenomena has been touc e 
upon briefly in connection with the antitoxins. The theory he developc , 
ever, is not confined to the toxin-antitoxin reaction but is a general one o im 
munity in the broad sense. , r 

The receptor theory rests upon the basic assumption that the various ce 
the animal body obtain their nutriment from the blood or lymph m w 1C 
are bathed through the agency of localized cell substances, the ce rece P ' 
which have combining affinities with food substances. The receptors may 
garded as bearing the same relation to the main body of the ce k el 
kern ) that the side chains of complex molecules bear to the centra m 
nucleus; hence the receptor theory is sometimes known as the st ec 0 f 
These receptors may be of simple constitution, adapted to t e ta mg ! ^ 

relatively simple substances, or they may be highly comp ex an c 
73 Ehrlich Studies on Immunity. New York. 1906. 
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Gram-negative, non-motile, cocco-bacillus, which Lignicres and Spitz called the 
actinobacilb now called Aclinobacillus lignieresi. (For description see Chapter 
14.) In tins country the disease is less acute, and the lesions are more 
localized, though the glands are almost invariably affected. 


Reproduction of the Disease in Animals. — Subcutaneous inoculation of a pure 
culture into cattle leads to the formation of an abscess similar to that occurring 
in the natural disease, though not all strains arc virulent. Fluctuation is apparent 
about the 10th day. The abscess enlarges, and eventually the skin gives way, 
allowing a small quantity of pus to exude. Fungating masses spring up around the 
opening and obstruct drainage. The animals gradually waste. The pus contains 
typical granules. Feeding has not been successful in transmitting the disease 
A local abscess develops after subcutaneous inoculation of pure cultures into pigs 
and sheep. In horses a large cedcmatons swelling is formed, which discharges pus 
after a few days. 


The work of Lignicres and Spitz has been confirmed by workers in several 
countries. Nocard (1902) recognized the disease in France. He pointed out that 
in actinomycosis of cattle the granules in the pus are yellowish in colour and often 
calcified, whereas in actinobacillosis they are greyish-white and rarely calcified. 
Griffith (1916) examined the diseased tongues and lymphatic glands of 44 cattle 
slaughtered in this country. Of these no fewer than 40 had lesions of actino 
bacillosis. From 23 of these he isolated a Gram-negative bacillus which had 
the characters of Aclinobacillus lignieresi. One of the cultures inoculated sub- 
cutaneously into a calf caused a local lesion containing typical granules. The 
remaining 4 cases, affecting the lower jaw, were due to the Actinomyces haws. 
In an examination of 34 specimens of “ actinomycosis ” in cattle slaughtered at 
Islington, Roswortli (1923) recognized Aclinobacillus lignieresi 21 times; from 17 
of the cases he isolated it in pure culture. The other 13 specimens were examples 
of actinomycosis. 


Diagnosis. — The important points arc : (1) The location : practically all jaw 
lesions appear to be due to Actinomyces bovis, whereas lesions of the soft parts" 
tongue, cheek, gum, palatal mucosa, skin, and lymphatic glands — are due to the 
actinobacillus. (2) The frequent involvement of the lymph glands in actino- 
bacillosis ; in actinomycosis the glands are swollen only as the result of secondary 
infection from open lesions. (3) Granules are rarely found in the glands in actino- 
mycosis, very frequently in actinobacillosis (4) In actinobacillosis the granu es 
are paler in colour, and rarely calcified , in actinomycosis the granules are darker in 
colour and often calcified. (5) In actinobacillosis the granules consist of a central 
mass of detritus containing minute Gram-negative bacilli surrounded by on 0 , 
radially disposed clubs; in actinomycosis recently formed granules contains 
central Gram-positive mycelium, together with Grain-positive rods and cocc ^' 
forms, surrounded by short, radially disposed clubs ; older granules may s 
a few Gram-positive bacillary and granular elements embedded in a Gram-nega i 
matrix. (6) In actinobacillosis cultures reveal the presence of a small w 
negative, aerobic cocco-bacillus ; in actinomycosis a Gram-positive, ran ‘ 
filamentous organism, often assuming rod forms in culture, not unlike . ip ’ 
is isolated under anaerobic conditions. During life tbc agg u t Iy 

may be of value. The serum of animals suffering from actinobacillosis frequent j 
agglutinates the causative organism to a tifcre of 1/50 or over. 
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anchoring large and complex protein molecules. Each cell may, of course, con- 
tain a large number oF receptors of different affinities and degrees of com- 
plexity. 

It is plausible to assume that when bacteria or other alien cells or their 
products arc introduced into the body, the combining affinities of certain 
receptors may be satisfied by bacterial substances just as by similarly constituted 
food molecules. The anchoring of toxic substances, however, unlike that of food 
substances, is followed by damage to the cell and loss of the particular side 
chain or receptor that unites with the toxic clement. When injury to the main 
body of the cell is not earned too far, repair can take place and the receptors 
be regenerated. There is a tendency in the regeneration of lost parts, in this 
case receptors, to over-compensatc, 3nd the free receptors Formed in excess of 
the needs of the cell are discharged into the blood stream. These free receptors 
arc the antibodies, the antitoxins, agglutinins, lysins and the like. They differ 
in complexity. The simplest, or receptors of the first order, arc those which 
combine with toxin and, when free, constitute antitoxin, receptors of the 
second order are somewhat more complex and arc functional in agglutination 
and precipitation, receptors of the third order are still more complex and func- 
tion in the lytic reactions in which complement plajs a part. 

Similar representations of the antigenic substances and of complement 
necessarily follow in this concept of the nature of the immune bodies. Toxin, 
for example, is assumed to be a relatively simple substance with two functional 
parts, a haptophore which unites with the receptor and a toxophore which 
exerts the poisonous effect of the substance In this terminology, toxoid would 
lx? regarded as toxin in which the toxophore portion is inactivated or destroyed 

The mechanism of the reaction of the antibodies with their respective anti- 
gens is apparent from the foregoing considerations. The union of toxin and 
antitoxin is the simplest type, the haptophore group uniting specifically with 
the corresponding portion of the free receptor or antitoxin molecule and the 
toxophore group being neutralized in that it is prevented from exerting its 
action on the cell Agglutination is much the same so far as the union of antigen 
and antibody K concerned, but the presence of the zymophore group brings 
about clumping In the case of complement fixation it is assumed that the rcccp 
tor of the third order, after breaking off, functions as a sort of bridge or inter- 
median lxxl> ( Ztri veil en torpor) which unites with complement at one end and 
with antigen at the other, thus sensitizing the antigen to the lytic action of 
complement 

h will lw clear that, in its simplest terms, the receptor theory is a plausible 
explanation of immunological phenomena. There is evidence, for example, 
that the various bictcrial toxins are Itnuml in each case to particular cells of 
the organism- The tetanus toxin, when mixed in vitro with emulsions of fresh 
organs, manifests an affinity for different organs in different animals. In man. 
the horse and the guinea pig. only the central nervous system is able to bind 
the toxin, a finding in complete accord with the pathology of tetanus. If j 
mixture of tetanus toxin and guinea pig brain emulsion in suitable proportions 
is injected into a susceptible animal, the animal is entirely unaffected, just as 
if tetanus antitoxin (free receptors) lud been used in pi ice of fresh cell sub 
st i nw (cel! receptors) Other phenomena arc cquilU well explained in terms 
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which they gave the name Strcptolxtcilhis moniliformis. It was isolated £ce& 
b?ood of n laboratory worker who was suffering from an acute disease ciaactafei 
by fever, sore throat, papular erythema, and multiple arthritis. The foEo-ruir ra* 
Parker and Hudson (1026) gave an account of an epidemic disease nv -r^w ^ 
Haverhill, Massachusetts. This disease they referred to as Erythema ar&riars 
epidemicutn or Haverhill fever. An organism was isolated — fftwwXi&a m >.xriu 
— which was subsequently proved to be identical with £fiqtofcd£ser 
In neither instance was there any suspicion of infection having ewerrsi firnsd 
rats. In 1033 St range ways accidentally encountered the same ccg asda a za% 
that bad died after intraperitonea! inoculation with the Wood of rsrs tS 
Trypanosoma equtperdum. Investigation showed her that Sirr~{£a£» tr vmZ- 
formis was an inhabitant of the nasopharynx of the rat, in which itarcaalyleiu 
apparently harmless existence. A very similar organism had sbeidy beoiTroiraJ 
by Tnnnichff (1916) m the lungs of white rats affected with brc&chxTOrOErcii. 
It would therefore appear that StnplohaciUus mcnilijcrrris is aa other then 
Strcjitotfinx mum nth of the earlier workers. Both organisms stjpsir tohe cltssh 
related to the AetmnbanVN* group, and we have therefore MxBCT^ei are than tb* 
name AcUnobaalht* w«m. Since this organism is pathogeroe fair man anfli-t 
normal parasite of the rat, it is not difficult to understand how it may he resre.- 
sible for human infection. Spirillum minus is also a normal parasite of the tat, 
and may likewise cause rat-bite fever. We shall restrict ourselves at the morasat 
to the description of the type of di«ea«e canned by Acihifl'uirTihts tmim. Torts* 


type caused by Spirillum minus see p. 2056. 

Rat-bite fever due to Actniobtcilhts i nuns i« an irregnlarlr relating, 
septicremic disease characterized by metastatic arthritis and morbilliform as- 
petechial cutaneous eruptions The incubation period, n« a role, i* under 10 Air, 
and may be as short as S days. The disease is often ushered in by a cfciKc- 
a rapid rise of temperature. The wound usually heals without exacerbate 
There is extreme prostration, severe generalized muscular pain and tecdercec 
headache, weakness, and a widespread morbilliform or petechial eruption. GecKt- 
ized enlargement of the lymph glands may occur, is on-suppurativc aTt ^^ 
affecting one joint after another, is a characteristic feature of the disease. ® 
is a leucocytosis with a high proportion of nentrophUes. After a few day= ^ 
temperature falls by crisis, and the disease then assumes a relapsing type, * *“ 
paroxysms occurring at irregular intervals for weeks or months The rase ^ 
is not known with certainty, but is probably round about 10 per cent ^ 
is known of the post-mortem appearances, but Blake’s case showed an ukera* 
endocarditis and a subacute myocarditis. Diagnosis during life is best 
cultivation of the causative organism from the blood stream during ^ e& v ^ 
About 20 ml of blood are distributed partly into serum broth ‘ ^ 

number of plates of Loeffier’s serum. The cultures may be in-~ 


or anaerobically, preferably in the • 
Brown and Nunemaker (1942) ^ 
blood serum in a titre varying <- 
xnay be prepared by fonnolizing 
Act. muris that forms a V . w 
ment. but its real value is ^ 
observations on mice, it is without 
t he animals against rapidly fatal 


- of 5 per cent. < 
be ' ' 
and 3/5,120. 
of an old 
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of this theory. It will be recalled, for example, that complement was early 
separated into two parts, mid-piece and end-piece, a finding in keeping with the 
postulation of zymophore and haptophore portions of this substance. 

Certain inadequacies of the receptor theory were apparent almost from the 
beginning, however, since new knowledge, rather than being predicted by 
the theory, necessitated various modifications. These discrepancies arose, for the 
most part, in connection with the mechanism of the first stage of the antigen- 
antibody reaction and, to some extent, with that of the second stage. It will 
be recalled that the toxin-antitoxin reaction, for example, was regarded by 
Ehrlich as analogous to the neutralization of a strong acid by a strong base, 
a concept that was brought into harmony with experimental observation 
through the postulation of components of toxin of varying degrees of avidity 
for antitoxin. Similar modifications and additions, which cannot be considered 
in detail here, resulted in the course of time in an unwieldly structure that 
became obviously unsatisfactory. 

It may be noted here that the concept of Arrhenius and Madsen of the 
antigen-antibody reaction as analogous to the neutralization of a weak arid 
by a weak base was, in essence, an attempt to retain much of the receptor 
theory and at the same time account for the Danysz phenomenon and related 
observations as well as the dissociation of antigen-antibody complexes. 

The Antigen-Antibody Reaction as an Adsorption Phenomenon. 
In many respects the antigen and antibody solutions are best regarded as col- 
loidal systems and the union of these substances as adsorption phenomena, 
physical in nature rather than chemical. This interpretation has been strongly 
urged by Bordet 74 and others. Stripped to its essentials, such an interpretation 
means that the Freundhch isotherm 75 describes the antigen-antibody reaction 
with a reasonable degree of accuracy. The successful application of this con- 
cept to the first stage of the antigen-antibody reaction is well illustrated m 
the case of the toxin-antitoxin reaction which has been discussed in this con 
nection in an earlier section. Similarly, the clumping of bacteria under the 
influence of immune serum, an example of the second stage of the reaction, 
responds equally well to such an interpretation, as has been pointed out before. 
\nhe course of events in the antigen-antibody reaction, as seen from this P 017 ^ 
of view, may be summarized briefly: there is first a specific adsorption o 1 e 
immune globulin on the surface of the antigen. The cell or protein mo ecu e 
thus sensitized behaves, not as the unaltered antigen, but as a particle o serum 
globulin The aggregation of the coated particles in the precipitin or agg “ tin5 
tion reactions is, then, nothing more than the precipitation of this alter oo 
loid by salt. The sensitized antigen is also capable of adsorbing comp 
whose fixation may or may not be followed by lysis as the nature ° 1 ® 371 1 , 

permits. The evidence for some such mechanism is very strong in » 
it is highly probable that certain phases of the antigen-antibody re ^L‘ - nes . 
essentially manifestations of the properties of colloidal systems. 1 


. adsorbed and that remains in 
„„ v fbe amount absorbed, ». 


1* Bordet L’lmmwttte Paris. 1920. 

TS The relation between the amount of a su^-> — — , 

solution was given by Freundlich as x/m = aC“, when x » the ai71 . so Iutiofl 

the surface on which it is adsorbed, C the final concentration of t e s 
and a and « are constants. 
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The Modern Concept 3l3 

capable conclusion led many to abandon the receptor theory as entirely out- 
moded.™ 

This description of the immune phenomena is by no means entirely satis- 
factory, however, its most glaring deficiency being its inability to account for 
specificity. While the union of antigen and antibody is, in all probability, an 
adsorption reaction, why typhoid antibody is adsorbed on the typhoid bacillus 
and at the same time not on the dysentery bacillus is unexplained. In addition 
to this failure to account for immunological specificity, certain minor dis- 
crepancies may be observed; there is, for example, agglutination or precipitation 
over a relatively wide pH range (in the presence of electrolyte) Instead of a 
marked optimum at the isoelectric point of serum globulin, as might be ex- 
pected The adsorption isotherm, furthermore, docs not approach an asymptote, 
and the antigen-antibody reaction shows wide variations from expected values 
at high concentrations of cither reagent. These and other minor points arc, 
howc\cr, probably of no great significance In general, it may be said that al- 
though this adsorption theory is thoroughly satisfactory in many respects, it 
accounts only for some, by no means all, of the immunological phenomena. 

Tlie Modern Concept. As might be expected, the modem concept of 
the mechanism of the antigen-3ntibody reaction is an outgrowth of the theories 
of Ehrlich and Bordet. The reacting substances arc regarded as colloids 
whose union lies in the realm of surface chemistry and is in part physical and 
in part chemical For purely technical reasons, the observations which have led 
to this concept have been made on the precipitin reaction for the most part, 
a discussion of the present position is, then, best carried on in terms of this 
reaction. 

It is already apparent from the earlier discussion of antigens that immuno- 
logical specificity may be conferred by a relatively small prosthetic group or 
haptcnc attached to the large protein molecule. Furthermore, it was pointed 
out that similarities in the structure and configuration of these determinant 
groups arc causally related to the immunological behavior of synthetic antigens. 
Immunological liehav mr means, of course, the ability both to provoke the forma- 
tion of antilxxlics and to react with them. The significance of these olrscrvations 
on immunological specificity to the nature of the antigen-antibody reaction 
will be apparent at this point; the molecular structure of the prosthetic group 
determines whether or not the antigen and antibody will react. 

There is good experimental evidence, too detailed and extensive to he con- 
sidered here.* 7 that the union of antigen and antibody is an adsorption in 
which a particular molecular structure is adsorbed with a high degree of 
specificity It is probable that there is no chemical union (many of the de- 
terminant groups are not characterized hv chemically active radicles) but that 
the adsorption is a consequence of the operation of intermolecular forces (sec- 
ondary valencies) whose specificity lies in the nature of the field of force 
arising from the arrangement of the atoms within the determinant group. The 

*«Cf Mirmirmft Jour. Immunol., 192fi. alvn a chapter In- the umr writer 

In Jordan and Tall. Never KhoulrJ^ of fljcirmlogv tmj Immunologs, Unnmm of 
C1.iv-ji.-m Press, Onupr. 192S. 

” ('l MirraeV* The Chewurj vf Anueem a»J Attiil-odin Molted llrvjtcb G*»nol 
4 'prxul Iti-pTi Senes No. 2*0 19 V>. Al«» 1 lodeH<crRrr- lljct. Itr\. 1939, 3 39, 



CHAPTER 53 

SWINE ERYSIPELAS, ERYSIPELOID, MOUSE SEPTICAEMIA AND 
INFECTIVE MONONUCLEOSIS OF RABBITS 

SWINE ERYSIPELAS 
Introductory 

Swine erysipelas is a disease affecting mainly pigs, and caused by the slender 
Gram-positive bacillus, Erysipelothrix rhusiopaihia . Adolescent animals seem to he 
most frequently affected, but it occurs at all ages except during the first 3 months 
of life, when it is uncommon. The finer breeds of pigs are particularly susceptible. 
Four clinical types of the disease are described (Craig 1926). (1) The acute or 
septicemic form. After an incubation period of 1 to 5 days, illness commences 
with prostration and high fever, anorexia, thirst, occasional vomiting, and con- 
junctivitis. Twenty-four hours later bright or dark red patches appear on the 
skin over the ears, snout, neck, abdomen, and inner sides of the forelegs. The 
case fatality is about 80 per cent., death occurring usually in 3 or 4 days, (2) The 
urticarial form, or “ the diamonds.” This is a mild form accompanied by slight 
malaise and fever, and characterized by the eruption on the 2nd or 3rd day o! 
well-defined, quadrangular or rhombic patches on the skin of the sides, back, and 
buttocks ; the patches are slightly swollen, deep red or violet in colour, sometimes 
with a pale centre, from 1-5 cm. in diameter, and may become covered with dry 
crusts which are afterwards cast off. Recovery occurs in a few days ; death is 
unusual. (3) The chronic or cardiac form. This may follow either of the previous 
types, or may arise independently. Warty vegetations develop on one of the heart 
valves, generally the mitral. Death may occur suddenly, or the animals may 
live for several weeks with symptoms of cardiac insufficiency. (4) The joint or 
arthritic form. This may follow the urticarial form, accompany the cardiac form, 
or arise independently. The joints of the limbs become enlarged, owing to a syno- 
vitis ; the animals are stunted, prefer the recumbent posture, and when induce 
to get up, walk in a stiff fashion on their toes with the back arched. This f° cm 
is not usually fatal, but interferes with growth and fattening. 

Morbid Anatomy. — In animals dying of the septicmmic form the spleen is 
enlarged, the lymphatic glands are congested, the gastric and intestinal mucoas 
are reddened, and the lungs are cedematous ; there are sometimes sma 
rbages on the serous and mucous membranes and beneath the endocardium, 
bacilli are found in small numbers in the blood, spleen, kidneys, and other oi$^> 
and in the secretions and excretions. In the cardiac form they are c ie f 0 
in, and may be confined to, the vegetations on the valves. 

Epidemiology. — Swine erysipelas is common in this country and throng ou 
Europe, and is met with in the United States of America It occurs par icu a 
1470 



Chapter 13 


IMMUNITY-THE IMMUNE STATE 


The foregoing discussion of antigens, antibodies and the antigen-antibody 
reactions is, essentially, a consideration of the various components of that 
state of increased specific resistance designated as immunity. The question 
arises, then, as to what extent these component parts represent the immune 
state. Can they be put back together to yield a satisfactory account of this 
phenomenon? In general, it may be said that such a synthesis does result 
in a relatively complete picture; it is certainly far more satisfactory than 
corresponding attempts to analyze virulence and non-specific resistance. 

It will be clear from preceding considerations that two kinds of activity, 
closely interrelated, are operative in immunity; the antibodies, present in 
the body fluids, function m the first case, and the body cells, the phago- 
cytes, in the second. The two are not infrequently separated, the activity 
of antibodies constituting the subject matter of Immoral immunity and that 
of the phagocytic cells making up the subject of cellular immunity. 

Humoral Immunity. Since the appearance of antibodies follows recovery 
from many of the infectious diseases, it is tempting to assume that these 
substances are causally related to the observed state of increased resistance. 
Observation and experimental evidence have amply justified this assumption, 
obviously in some instances and in a more subtle fashion in others. 

An antibody whose association with the immune state is direct an c t 
is antitoxin. The toxin produced by the invading microorganism as 
affinity for the cells as well as anritoxin present in the body ui s, an 
protective effect of circulating antibody must, then, be due : in P^ r 
superior avidity for the toxin. Such superior avidity generally, ut no . ' 
exists. Instances are known in which the toxin unites wit t e lS *, 
stance in preference to combining with the antitoxin in t e o • 
affinity of the cell substance for the toxin is not a constan qu » 
fluctuates under different conditions, notably in the upper in ^ , 0 f 
immunization. The tissues of an animal treated wit in ^ ea ^ aw j { n 
toxin sometimes become hypersensitive to the action o e yood, 

spite of the fact that large quantities of antitoxin are circu a 1 g t fie 

the toxin combines by preference with the tissue substance ^ 

death of the animal. Variation in the avidity of circ f> ^ rcu j a ting 
been pointed out above. In general, however, the t hat anti* 

antitoxin is the determining factor; for example, it is n immune 

bodies to the bacterial cell substance be present in a g c hi C k test f o f 
to diphtheria or tetanus. The skin tests for immum y, , fevet, are 
immunity to diphtheria and the Dick test for immum ) 
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abandoned ^ in ° CUlated ' For this reason it3 use has ken very largely 


To overcome this disadvantage, sero-vaccination was introduced In Lorenz’s 
method (1893, 1894, 1896), a dose of antiserum is injected, Mowed after about 
4 and 14 days by mjcctions of living virulent bacilli. The serum provides a passive 
immunity, which is converted by the living vaccines, given subsequently, into an 
active immunity. In Leclainche’s method the living vaccine is mixed with the 
serum, and the two are injected together. A second injection of vaccine alone 
is given 10 or 12 days later. Both these methods have been widely used, and 
appear to give satisfactory results. Both of them suffer from the disadvantage 
that living bacilli arc introduced into the body, with the resultant production of 
healthy carriers and the risk of spread of infection to other animals. 


The method now commonly used is based on the work of Traub (1917) in 
Germany, who confirmed the observation of a Hungarian worker, Biro, that some 
strains of Ery. rhusiopnlhitv form a soluble protective substance in broth culture. 
Th’s can be adsorbed on to alum and combined with the forraolized bacteria. 


The resultant vaccine, when properly prepared (see Eiszner 1952), gives very 
satisfactory results in the field. One dose is said to protect pigs for 4-6 months, 
two doses for 8-12 months (Fluckiger 1952). A dried vaccine is also under trial. 


For the treatment of swine that have already developed the disease the injection 
of 10-30 ml. of antiserum is recommended. Though Bry. rliusropalhice is sensitive 
to penicillin in vitro, treatment of swine erysipelas with penicillin is unsuccessful 
Good results, however, have been reported in turkeys— possibly due to the greater 
resistance of these birds to infection (see Gifford and Junghcrr 1946, Woodbine 1950). 


ERYSIPELOID 


Infection of man with the bacillus of swine erysipelas was first described by 
Rosenbach in 1884 (see Rosenbach 1909). Though, according to Verge (1933), 
a cutaneous, an intestinal, and a generalized form of the disease may occur, tea 
first type, usually referred to as “ erysipeloid,” is undoubtedly the commonest. 
It is met with m cooks, kitchen workers, butchers, and in those who handle fish, 
game, or cheese (Klauder 1926, 1932, 1938, King 194G). Epidemics of the disease 
have been reported. Stefonsky and Grunfeld (1930) described an outbreakat Odes-a 
affecting about 200 persons engaged in handling freshwater fish brought by sailing 
ships from the Dnieper and Bug , and Lawson and Stinnett (1933) in the Unite , 
States reported 247 cases of erysipeloid occurring among workers employed in saving 


and polishing bones m the manufacture of buttons. 

Klauder (1932) says that infection can invariably be traced to contact wi 
animals, fish, shell-fish, dead matter of plant or animal origin, or matter dem^ 
from animals such as hides, pelts, bones, and manure. The organism usually 
access through injuries of the skin, including the bites of animals, fish, and crus ac 
Where the organism comes from, however, is not so clear. Direct twnsmissio 
roan from swine suffering from erysipelas appears to be uncommon (Bier ao® ■ 
Gottron 1929), but it is sometimes met with in veterinary students (Morn • 
Circumstantial evidence suggests that the organism is present m the s k»7 ® . 

of various fish, but. though its isolation from this source has been i ■} 

Schoop (1936), there is some doubt os to whether the slime is infected u ion 

conditions or whether it becomes contaminated from the flesh during p P- 
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tests for the presence of antitoxin, the toxin is injected intradermally and, if 
not neutralized, gives rise to a local reaction. Such an antitoxic immunity 
is an immunity to the disease, hut not to infection with, for example, diph- 
theria bacilli or streptococci, and the carrier state is quite as common in the 
immune as in the non-immune. 

The presence of the bactericidal and I) tic antibodies is clearly of con- 
siderable advantage to the host and these substances are also an obvious 
part of the defense mechanism. Similarly, the inhibition of multiplication 
of trypanosomes is an important part of the defense against certain species 
such as Trypanosoma leu-isi (p. 769). Agglutinins and prccipitins would 
appear on the surface to serve no useful purpose in the defenses of the 
immune animal, for example, bacteria arc not hilled by agglutination. The 
clumping of bacteria and the precipitation of soluble foreign protein, how- 
ever, considerably facilitate the process of phagocytosis in that many bac- 
teria may be engulfed at one time and insoluble masses of precipitated 
foreign protein may thus be removed. 1 In the case of pneumococcus anti- 
sera, for example, protective antibody as measured by mouse assay appears 
to be identical with precipitin and agglutinin The pneumococcus antibody 
has been found to enter pneumonic lesions in rats, agglutinating the free 
pneumococci in the alveoli and thus stopping the spread of the infection. 2 
Furthermore, heterologous protection may be demonstrated when portions 
of the antigenic mosaic arc shared. 3 Not all antibodies demonstrable by 
m vitro antigen-antibody reactions have protective qualities, however, in 
the case of the enteric bacilli protection appears to be associated with anti- 
body to the heat-stable somatic antigens. It may be noted that in one 
instance there is evidence that prccipitins play a direct part in defense; it 
has been found* that the larvae of Nipposfrongylus imiris are stunted and 
immobilized in the shin of the immune animal with the formation of pre- 
cipitates in and around them, and a similar reaction may be observed in 
vitro. In general, however, the prccipitins and agglutinins function as a part 
of the defensive scheme in conjunction with the process of phagocytosis 

The importance of phagocytosis in resistance to infection is very great 
indeed and, in consequence, the opsonins assume particular importance 
from the theoretical point of view. In practice, though, opsonin titer is 
generally low as compared to antitoxin and other antibody titers and is 
highly variable; the value of the opsonic index as a measure of immunity 
is not great, possibly twcausc of the use of polymorphonuclear leucocytes 
m m vitro tests. Opsonic activity, of course, involves the direct cooperation 
of certain cellular elements of the body, and any consideration of these 
nntilxxlios, as well as agglutinins and prccipitins, forces consideration of 
the cellular defenses and indicates the futility of any attempt to differentiate 
sharply between humoral and cellular immunity. 

The implications of antitoxic immunity in diphtheria, tetanus and scarlet 

« Ci. Cannon: Hivvi.il Rev.. 1940. 50 69. 

* UWl Jnur. Hxp. Med., 1941. 73 201. 

* See the ituilm on the nyh<n.l bacillus bv 1 uipi>>T.i Atnrr. Jour. 1 Ivg , 19 12. 36;354. 

* Saties and Taliaferro: Jour. Inf. On-, 1936, 59 207, Taliafmo and Satin- Jnur. Inf. 
l)n., 1939.64 157. 
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sometimes contains small, round, pale-yellow or grey areas of focal necrosis, 1-5 mm 
or less in diameter. The spleen is usually small, shrunken, pale pink, ant! rather 
tough ; but in acute cases, and in cases in which there is extensive necrosis of the 
hver, the spleen is norma! in size or slightly enlarged, soft, and of a dark purple 
colour. The adrenals are sometimes soft and diffluent. The mesenteric lymph 
nodes are always enlarged and oedematous. Culture of the organism is difficult; 
it may be successful from tho mesenteric nodes ; the heart’s blood is usually 
sterile. J 

The disease can be reproduced experimentally, and is often characterized by 
a monocytosis, and focal necroses of the liver (p. 483). 

DISEASES IN OTHER ANIMALS CAUSED BY 
ER Y SI PE LOT II RIX MONOCYTOGENES 

Space docs not permit a detailed description of the numerous types of disease 
to which this organism may give rise. Suffice it to say that it has been isolated 
by Pirie (1927) from a plague-Iikc disease of gerbilles in South Africa, by Gill 
(1933, 1937) from an encephalitic disease of sheep in New Zealand known as 
“ circling,” by Jones and Little (1934) from cases of bovine encephalitis in New 
Jersey, by Tenbroeck (1932) from a sporadic disease of chickens in New Jersey, 
by Scnstonc (1935) in the United States and by Paterson (1937) in England from 
a generalized infection of fowls, by Biester and Schwartc (1939) from meningo- 
encephalitis of sheep in Iowa, by Biestcr and Sclnvartc (1940) from meningo- 
encephalitis of swine, by Paterson (1910) in England from abortion in sheep, and 
by Gifford and Junghcrr (1917) from septicaemia in the wild raccoon in Connecticut 
(For further references see Paterson 1939.) 

For cultivation of the organism from contaminated material, broth containing 
1/2000 potassium tellurite is recommended, followed by plating after 6-24 hours 
at 37°C on to plain tryptosc agar (Gray cl ah 1950). 


DISEASES IN MAN CAUSED BY 
ER YSIPELOTIIRIX MONOC YTOGENES 


Gases have been reported by Burn (1933-4, 2935, 2936) in the United States, 
by Gibson (1935) in Scotland, and by several other observers. Kaplan (1945), 
who reviewed the literature, collected records of 23 definite and 13 probable cases 
of human infection caused by this organism. Host of the true cases were c 
actcrizcd by meningo-enccphalitis. In untreated cases the fatality rate was a ou ^ 
80 per cent Post-mortem examination reveals a suppurative leptomeningitis ! an 
ependymitis, purulent otitis media, focal necrosis and patchy degeneration o 
hver, swollen and congested spleen, focal necrosis of the adrenals, atelectasis, 
pneumonia and bronchiolitis. During life there is a mononuclear leucocj ^ ^ 
The cerebrospinal fluid contains an increased number of leucocytes, main yo 
lymphocytic variety , and slender Gram-positive bacilli are found not msi c 
outside the cells The disease may occur at different ages and has been otise ^ 
m the new-born infant (Burn 1936). The mode of infection 1S unfcn ^ B th 
treatment sulphonanudes appear to lie of value, and aureomycm s ou 
trying. 

The relationship of Ery monocytogenes to glandular fever is 
page 2007. 


discussed ° n 
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fever noted above may be carried somewhat further. It is clear that the im- 
munity so produced is what may be called an effective immunity in that it 
is an immunity against the infection or the disease produced by pathogenic 
bacteria. In addition to antitoxin, the antibodies to the various antigenic 
components of the bacterial cell may vary widely in their contribution to 
such an effective immunity. Thus, protection against pneumococcus infec- 
tion is associated for the most part with antibody to the type-specific capsular 
antigen, while that to the somatic antigen contributes to only a relatively 
minor extent. On the other hand, in the case of enteric bacilli and the 
cholera vibrio effective immunity is produced by immunization with somatic 
or O antigen, and antibody to the flagellar antigenic complex has little 
protective action. 

In certain instances the O antigen may be broken down somewhat further 
with respect to effective immunity. As indicated elsewhere (p. 452), the 
typhoid bacillus exists in two forms, the V form which contains Vi antigen, 
and the W form which docs not. Vi-containing strains which lack typhoid 
bacillus O antigen can be obtained by dissociation, and certain other bac- 


teria, notably a widely used strain of Salmonella ballerup, contain Vi antigen 
but arc unrelated to the typhoid bacillus with regard to the specificity of the 
O antigen. Immunization with Vi-containing bacteria which lack the typhoid 
bacillus O antigen, whether typhoid bacilli or not, will protect against infec- 
tion with V strains of the typhoid bacillus, but not with W strains Con- 
versely, immunization with a W strain of the typhoid bacillus will protect 
against infection with cither V or W forms of this organism, but not against 
infection with Vi-containing bacteria that lack the O antigen of the infect- 
ing strain. It is concluded, therefore, that antibody to the O antigen and that 
to the Vi antigen are concerned in protection. The components of the other 
O antigenic complexes occurring in the Salmonella group (p. 433) are not 
sharply differentiated in that all seem to contribute to an effective immunity. 
The antigens so related to the effective immune response are s ° me j n f s 
spoken of as “essential immunizing antigens.” When they are share y 
related bacteria, such as Salmonellas, or phylogenetically unrelated 
organisms (p. 328), a cross immunity results, but when they are not s are 
by even closely related bacteria such as the various types oF pneumococci, e 
cross immunity is of a low order. It follows, of course, that not on y s ou 
an effective immunizing preparation contain the significant antigens, 
antigens extraneous to the development of an effective immunity 
omitted. The first consideration has indicated the use of typhoid 
pared from Vi-containing strains, and the second is the basis o t e 
toxoid vaccines such as those prepared from the plague bacillus. 

The extent of cross immunity also determines the polyvalency o ^ .’ 

i.e., the number of bacterial strains which enter into its prepara l0n ' - nes 

of obvious practical significance as in the preparation of dysen ery 
Such vaccines are usually quite toxic and if they must be ^ ma e i - ts 

valent, each additional strain or type of dysentery baci us ^ the 

toxicity, with the result that the toxicity of the preparation ^ 

amount and therefore antigenicity of the components are n0 f n fec- 

Cellular Immunity. The role of phagocytic cells in resistance 



CHAPTER 59 . 

TUBERCULOSIS^ 

In 1868 Villemin published his masterly study on the epidemiology of tuberculosis, 
and succeeded in transmitting the disease to animals by direct inoculation. Kocb 
in 1882, after an investigation that will always remain as a classical example of 
thorough and accurate bacteriological technique, showed conclusively that the 
tubercle bacillus was the one essential cause of tuberculosis. The bacillus was 
resistant to all ordinary stains ; but Koch succeeded in staining it by an alkaline 
solution of methylene blue, kept in contact with the tuberculous tissue for 24 hours. 
The bacillus would not grow on any ordinary medium ; but he devised a new 
medium — inspissated blood scrum— on which, after a delay of 10 days or so, growth 
first becamo apparent. Finally by a large series of inoculations with pure cultures 
of the bacillus, several generations removed from the primary one, he transmitted 
the disease to numerous animals of different species. Henceforward the demon- 
stration of tho bacillus afforded the Role infallible criterion for the diagnosis of all 
the manifold lesions of tuberculosis. 


THE BACTERIOLOGY OF TUBERCULOSIS IN MAN 

Tubercle bacilli may be divided by cultural and pathogenicity reactions into 
five types — human, bovine, murine, avian, and cold-blooded (see Chapter 16). Of 
these only the first two are found in natural infections of man. It is true that 
natural infections with the avian type have occasionally been described by conti- 
nental workers, but the bacteriological evidence provided has not always been 
convincing. Feldman (1938), who reviewed the literature, could find a record 
of only 13 cases in which infection was probably due to the avian bacillus. Jn 
this country it was not found once in over 7,800 cases examined (Griffith 1938), 
but since then one case has come to light (Bradbury and ^oung 1916). 

The extensive work of the Royal CoimmsHon on Tuberculosis (Report 191 lo), 
supplemented by that of A S Griffith and other investigators, provided us with 
figures on the proportion of cases of tuberculosis in human beings caused b) t ® 
bovine type of tubercle bacillus . this information was summarized m Tab c ' 
of the third edition (1946) of this book. More recent figures obtained by specif 
surveys carried out in England and Wales during the second world war ywIdj-Q 
results that were substantially in accordance with, though rather lower than, 
previous ones (Report 1919) , they are reproduced in Table 91 It will be se 
that in noil-pulmonary tuberculosis the majority of infections due to t e O' 
type of bacillus occur during the first fifteen years of life , and that, taking 
ages into consideration, about 1-4 per cent, of pulmonary and -5 per cent, o 
pulmonary infections are caused by tins type of organism. The gastro-in es 
1482 
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lion was established by MetchnikofF - ’ on the basis of studies on lower forms 
such as the water flea, Daphnia. He distinguished two types of cells, the 
microphages or polymorphonuclear leucocytes (heterophils) and the macro- 
phages or large mononuclear cells occurring both free in the blood stream 
and fixed as tissue cells. The former were regarded as of prime importance 
in the bacterial infections, while the macrophages were thought to be only 
indirectly active except in chronic infections such as tuberculosis and leprosy. 
With advances in knowledge, however, it has become clear that although 
their immediate mobilization accentuates the limited significance of the poly- 
morphonuclear leucocytes, the variety of fixed and free connccmc tissue cells 
of mesenchymal origin, grouped under the general head of macrophage, is 
of considerably greater importance in resistance to disease. 

The distribution and interrelationships of these phagocytic cells may he 
considered briefly in outline form : 0 

A. TIic predominantly fixed cells of the reticular and loose connects c tissue which 
can be divided into two great groups 

(1) fixed and free macrophages, including the reticular cells, and 

(2) the fibroblasts of connccmc tissue and the endothelial cells lining the ordinary 
blood s esscls 

(1) Macrophage is essentially a physiological designation for almost any large mono- 
nuclear connccmc tissue cell which is predominant!) phagocuic and includes 
(a) fixed cells such as 

]. pericytes (Ma\imo\), fixed, undifferentiated outstretched cells in the ad- 
lemma of all the sm ill blood \essels of loose conncctue tissue throughout 
the bod) . 

2. reticular cells which, with fibers, form the stroma of all reticular (m)cloid 
am! lympathatic) tissues, and 

3. littoral cells (Sicgmund) which line the sinuses of the reticular tissues, 
liter, h> pophssis and adrenal. In the liter these arc designated as Huffier 
cells. Although frequently called endothelial cells or cells of the special 
endothelium, these arc in fact cither true reticular cells or hate greater 
desclopmental potencies than ordinary endothelial cdls. 

These cells can disidc bv mitosis, become phagncstic, and dcsclop into 
fibroblasts or practically any other blood or connccmc tissue cell. Mere 
it is important that they can become phagocvtic cither in their fixed post 
turn (fixcxl macrophages) or after rounding up and lxwmmg free (free 
macrophages). 

00 The free cells occurring in the loose connccmc tissue are sariously Intro n as 
hhtiocy tes, clasmatocytes, rliagiocrror cells or wandering resting cells, are 
cither phjgocx nc nr can become so without morphological change, can repro- 
duce bv mitosis, and transform into fibroblasts. 

(2) The fibroblasts ami cndothrhd cells arc morphological!* characterized !*y out 
stretched, illslrfincd cstopltsm. a large cnal xcsicular nucleus containing dust hie 
chromatin granules, and small nucleoli 

(«) The fibroblast* disidc bs- mitosis hut do not desclop into other cell* Cexcept 
in bone and cartilage) and arc rarcls phag'vstic although instrumental in 
ripaif and *s ailing *>(T fo/rten roaierjal. 

(h) Hie endothelial cells ssluch line the larger Mood srssels and capillaries (not 
including the littoral cells) hVetsisc are fare!* phagocxtic hut mas be trans- 
formed mt • fibroblasts. 

* Metshniloff. finmnum C am!ifnlge. 1905. 

•Iliis material i* taken. ssuh nt»l» minx m'»hfica turns. from Taliaferro The lm 
m»n rf Oe I'j’iwli.' fV-issi Oi iptcr Will in Callin'* JVrToinj nsj /tnfojifjf 
/fete-rrrh Columbia Unnrrnt* I’re-t. Ness Yocl 1911. 
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been shown that in Scotland and in Northern England an appreciable proportion 
of cases are due to infection with the bovine type (Table 92). The reason for the 
differences between different parts of the country is to be found in the higher 
incidence of tuberculosis in cattle in the northern half of Great Britain. 

TABLE 92 

Frequency of Bovine Tubercle Bacilli in Pulsionakv Tuberculosis in different 
Parts of Great Britain and Ireland. 

(Gumming 1935, Griffith and Smith 1940, Griffith 1941, Griffith and Mimro 1944, Cutbill and 
Lynn 1944.) 


Area 

No of Strains Examined. 

Percentage Bovine 

Scotland, North-cast 

912 

70 

Rest of Scotland 

1,797 

5-1 

England, North and Middle .... 

3,219 

20 

Wales 

201 

1 0 

England, South 

9S9 

06 1 

Ireland 

320 

00 

I 


EPIDEMIOLOGY 

Tuberculosis is an infectious disease that spares neither age, sex, race, nor 
nationality. The pulmonary form was described by Hippocrates, and spinal caries 
has been observed in the mummies of ancient Egypt (Smith, E , 1909). With the 
spread of civilization it became more rife ; but now, in the more highly civilized 
countries of the world, it is declining. 

Mortality from Tuberculosis. — Table 93 sets out the prevalence of tuberculosis 
in different countries at the beginning of the second world war. The crude death 


TABLE 93 

Crude Death Rates ter 100,000 population from all forms of Tuberculosis in 1939 
(Modified from Yetton 1946.) . 


prev alence 

Country 

Dentil 

Rate 

Very low 

Denmark 

34 

under 50 per 

Australia * 

40 

100,000 

Netherlands 

41 

United States 

47 

Low : under 

- 

Germany 

50 

100 per 

Canada 

53 

100,000 

New Zealand 1 

60 

England and Wales 

62 


Belgium 

68 


Scotland 

70 


Sweden 

75 


S« itzerkmd 

80 


Northern Ireland 

84 


Norway 

86 


I 


Medium : Austria 

100-149 per Eire 
100,000 Czechoslovakia 
France 
I Hungary 

I | 

High : 150 | Russia 

and over per Romania 
100,000 Finland 
Poland 

Newfoundland and 
Labrador 

Japan 
i Brazil 
China 
Greenland 


20 ? 

230 

400-500 

530 


JT«fe — Some of the figures in the high prevalence group are only approximate 
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B. The free connective tissue and blood cells. 

CO The cells of the blood and lymph are classified as to whether of myeloid or lym- 
phoid origin: 

00 The lymphoid cells of the blood include the various sized lymphocytes which 
together with monocytes, are termed agranulocytes. They divide mitoticaliy 
and can develop into macrophages with all the latter’s developmental poten- 
cies. As they become transformed into macrophages, they show increased 
amounts of cytoplasm, their nuclei take on macrophage characteristics and 
they become phagocytic. These transitional forms are known as polyHasts. 
(h) The myeloid cells are the various granulocytes (heterophils or polymorphonu 
clears, eosinophils and basophils), the erythrocytes and platelets. Of these the 
heterophils are functional in immunity by virtue of their phagocytic activity 
hut are "end" cells which do not reproduce or develop into other cells. 

(2) The free mesenchymal cells are lymphoid cells indistinguishable from lymphocytes 
which occur in varying numbers in reticular and loose connective tissue and here 
act as precursors or “stem" cells of lymphoid and myeloid cells and hence may gne 
rise to macrophages. They are variously termed lymphocytes, hemocytoblasts, lym 
phoblasts, myeloblasts or monoblasts according to varying theories- of blood forma 
tion. Under normal conditions lymphocytes in lymphatic tissue give rise only to 
lymphocytes and hemocytoblasts in bone marrow only to myeloid cells hut under 
abnormal stimuli they may exhibit their full potencies for development These 
stem cells are self-perpetuating, but as noted above, may arise from the fixed 
mesenchymal cells. 


The Systems of Cells. It will be apparent that the cells primarily asso- 
ciated with defense against invading microorganisms are widely distributed 
through the body in the blood and lymph, cartilage, bone, reticular (blood 
forming) tissue of the myeloid and lymphatic organs and in the loose con- 
nective tissue associated with the shin, omentum, liver, lung, etc. It is cus- 
tomary to group the macrophages into so-called systems of cells, the best 
known of which is Aschoff’s 7 reticulo-endothelial system. The term is not 
a good one, however, for, as indicated above, the cells of the endothelium 
proper are not phagocytic, although called endothelial cells, the phagocytic 
littoral cells (such as Kupffer cells) are similar to or identical with reticular 
cells. Perhaps a better designation is simply macrophage systevi ° r 
broader term lymphoid-macrophage system, 9 which includes the Iymp 01 
cells and the transitional polyblasts. , iff* 

Local Defense . The cellular response to an inflammatory stimulus is 
characterized by an initial migration of polymorphonuclear leucocytes to 
the point of injury. These cells are not numerous and soon disappear " e7 J 
the inflammatory material is sterile, hut when bacteria are present c 
continue to migrate from the blood vessels and actively phagocjtose 
invading microorganisms. The functions of this first line o e f , cn ^ e ’ ^ i 
though important, are strictly limited, since the cells are short- ne 
do not multiply t n situ but must he continuously recruited rrom t e 

More important to local defense are the lymphoid cells of the ^ 

lymph, the lymphocytes and monocytes, which also migrate rom ^ 

vessels but which, unlike the polymorphonuclear leucocytes, are 


j__i ik io-»4 26-1. 

• • earch Memoir No. 29, 1937. 


earch Memoir No. 

The Macmillan Company, New x 


1940. 
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Wright (1939) likewise stress the importance of poverty, poor housing conditions and 
overcrowdmg That biol^cnl factors are also operating, Werer, £ almost ceiaTn 
Ostenfeld, Hermann, and ISeander (1931), for example, point out that in Sweden durin* 
the past century there lias been a centrifugal spread in the frequency of the disease t 
hundred yearn ago the highest death rate from tuberculosis was in Sodeniian Und, whew 
now it is lowest, whereas Norbotten, which 100 years ago was relatively free from the 
disease, H now specially affected. The suggestion is that the resistance of a population in 
which the disease has been prevalent for some generations is greater than that of a ponub 
tion coming into contact with tuberculosis for the first time. Further evidence in support 
of this thesis will be found in the section dealing with tuberculosis m primitive rates 
Wolff (19306) lays great weight on the importance of diet. Tuberculosis, almost alone 
among the infectious diseases, seems to be profoundly influenced by malnutrition an d 
starvation, though there is little exact knowledge of the mechanism by which this effect 
is produced. Shortage of first-class proteins was regarded by Faber (J93S) as being 
largely responsible for the rise in tuberculosis mortality that occurred in western Europe 
during the war of 1914-18. Experimentally there is some evidence that animals fed 
On a plentiful diet are more resistant to infection than those on a meagre diet, and that 
Vitamin A deficiency may lower their resistance (see Robertson 1934. Clausen 1934, 
and Chapter 64). Kan and Maddock (1938), however, were unable to confirm the import- 
ance of Vitamin A in the protection of pigs against experimental infection. Osborn and 
Gear (1940) have pointed out that animals, like the dog and the rat, which can synthme 
their own Vitamin C, are more resistant than those, like man, the monkey, and the guinea- 
pig, which cannot. During the war of 1914-18 the death rate from tuberculosis in German 
cities, which was only 1-57 per 1,000 in 1913, rose in 1918 to 2 87. In Warsaw by 1917 
it had reached 8-4 per 1,000, and in Belgrade, as the result of the military occupation 
and want of fo 
In the second 

have played a part in this rise in Great Britain are discussed in a report ny me 
Research Council (Report 1942). 


Without in any way minimizing the desirability of activepublic measures against 
tuberculosis, it may be pointed out that the decline in the tuberculosis death rate 
in this country set in long before the establishment of hospitals, sanatoria, or 
dispensaries for the treatment of patients suffering from the disease, indicating that 
the underlying social, economic, and biological causes were able by themselves 
to effect a considerable reduction in the mortality from tuberculosis in the absence 
of any ad hoc public health interference. 

Mortality from the pulmonary and non-pulmonary forms of tuberculosis vanes 
greatly in different countries. In 1951 in England and Wales, 12,000 persons ie 
from pulmonary and 1,775 from non-pulmonary tuberculosis. The non-pulmonary 
deaths, therefore, constituted about 13 per cent of the total. Approximate y * 
the non-pulmonary deaths occurred under 15 years of age. In the United ta ^ 
of America non-pulmonary tuberculosis is relatively less common, aceoun mg 
only 8 per cent of the total deaths (Halpm 1918). 


Other Factors affecting the Mortality from Tuberculosis. 

Occupation.—Occupation is of importance. In this country the 
pulmonary tuberculosis is below tie overage for all males in 
miners, but is high in stone and slate quarry-men, in cutlers, ffle-makeK i 
manufacturers, and highest of all in the Cornish tm-mmers. ^11 trades, in f 
which the men are exposed to the inhalation of particles of me a ta0D „ r y 

particularly dust containing silica, have a high mortality rate from p 
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century and the first decade of the present century the mean annual death rate per 
100,000 living was highest in infancy and early childhood, whereas in 1951 it was 
highest in the 55-05 age group. 

The fall in the death rate during the early years of life has been most striking 
This is almost certainly attributable to some extent to the much greater care now 
exercised in infant welfare, mul to the more general provision of heat-treated milk 
(see Drolet 1930). It may he noted that tiic highest tuberculosis mortality in child- 
ren occurs during the 2nd year of life, and is due to various types— meningeal, 



Fio. 274. 

Death rates per million from tuber- 
culosis (all forms) at ages England 
and Wales 



Respiratory tuberculosis in England 
and Wales Death rates per million 
by age and sex in 1951. 


abdominal, miliary, moratory and dominated. Momng.t.s aloncj respond 
for about 40 per cent, of the total deaths during the first J b IesJ 

The death rate in young adults, on the other hand, has un g j osi3| 

alteration. Most of the deaths in this group are due to ? femalcs 

and, as Fig 275 shows, the death rate from tins form “^'"^“/pnlmonary 
than in males ... the 15-35 age group After the age of ™ v( / fivo times 
tuberculosis death rate increases, till in the 55-65 ag g p^ ^ femate mor- 
that of the female death rote. The difference e 1851-60 the age period 

tality rates has been increasing steadily for many ■ 

of maximal tuberculosis mortality m males • J and fallen 

20 to 25 as against 25 to 35. It has gradu^ly - » ™* 8 * . ^ect of con- 
,n females to 20 to 25. These changes are S ]d lg52) . They ore not 

siderable speculation (Stocks 1949, Spnngctt 19 ' 1 ^ degree in the statistics 

confined to this country, but are M . > » f“^“es of America (see Dow 
of many other European countries and of ‘ 193 3, Hlll 1936, Hart and 

and Lloyd 1930, Drolet 1930, Whitney 1931 f Iac “ It9 u „ cr ' 195 ij. 

Wright 1939, Pitney and Kas.ns 1947, Halpm and lurncr 




Urge ^'mptiocyfe & Ib^L3 ParasltT PolJbU Polybl.2 Po£>bl.5 

Fig. 39. Cells of the macrophage system Sections of monkey spleen ^onkw note the 
of a venous sinus and a Billroth cord in the red pulp. > Wlt f 1 indeterminate 

typical structure of the non-granular leucocytes, the retie a * killed ten days after 
cytoplasm, and the rounded macrophages within the cord. 2, a b s ent from the 

infection with Plasmodium cynomolgi, note the large P h: j^ t b e progressive hvper- 
normal spleen, the senes of polyblasts labelled Polybl. 1 5 t ^.,] in an d eosmazure 

trophy of the non granular leucocytes into macrophages. 

II, X 1240 (Taliaferro and Mulligan). 
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in which the morbidity from tuberculosis among nurses living and worbV in the 
same hospitals was two and a half times as high among those of Irish and Welsh 
as among those of English origin. The observations on inherited resistance des- 
cribed m the next section, leave little doubt that there is a genuine difference in 
the susceptibility of different races to tuberculosis , depending to some extent on 
the length of time they have been m contact with the disease. 

It may be pointed out that primitive peoples who have had little experience 
of the disease often suffer severely when they leave their native country and take 
up residence m a civilized area (Cummins I90S, 1911-12, Westcrnhoeffer 1911, 
Borrel 1920, Bushnell 1920). Not only is the case incidence and mortality high, 
but the disease tends to pursue a rapid course accompanied by enlargement and 
caseation of the lymphatic nodes and early generalization resembling far more the 
acute type of disease met with in infancy than the localized, slowly spreading, 
ulcerative type of phthisis common in adults of civilized races 

There must be few native races left that have not had some degree of contact 
with civilization ; and it is to lie expected that, as tins increase the acute miliary 
type of tuberculosis will give way, in course of time and as the result of natural 
selection, to the more chronic types characteristic of races that have been long 
m contact with the disease. (For references to tuberculin surveys in primitive 
peoples, sec numerous papers m the American Bedew of Tnbe/cnlom and the 
Tropical Disease? Bulletin from about 1928 onwards.) 

Heredity. — That tuberculosis often runs in families is a well attested observation. 
How much of this can be explained by inferior genetic resistance, how much by 
increased household exposure to infection, and how much by chance alone, is 
difficult to decide. Influenced partly by the behaviour of the disease in primitive 
peoples encountering tuberculosis for the first time, and partly by the careful 
investigations of Carmichael and of Lurie on animals and of Kallmann and Reisner 
on human beings, the tendency of late years has been to pay considerably more 
attention to the influence of heredity than at any time since the discovery of the 
tubercle bacillus. 


Carmichael (1938), for example, found that the incidence of tuberculosis among the 
long-horned Hamitic cattle belonging to the Babima people of Ankole was much higher 
than among the humped Zebu cattle of Uganda, even though the environmental con- 
ditions appeared to favour the Hamitic variety. Though these animals lived almost 
entirely in the open air, 80 per cent, of them reacted to tuberculin, as against less than 
1 per cent, among the Zebu cattle. Besides being resistant to natural infection, t e 
Zebu cattle proved almost entirely refractory to experimental inoculation. Lurie (19 / 
studied six inbred families of rabbits, and found a wide difference in their response o 
infection with bovine tubercle bacilli, whether inhaled as the result of natural conta c 
or inoculated parentcrally. In the animals of the most resistant family the lung jsease 
tended to be localized, and the primary focus progressed slowly, became encapsu 
and underwent cavitation. In the animals of the most susceptible family litt c or n 
localization occurred, and the disease was of the rapidly progressive generalize JP ■ 
It is important to point out that in all the animals the disease was progressive , ® 

difference toy in the rate of progression. It was also found that, when the ^ 

administered artificially by the respiratory tract, the difference between the (l[ 

noticeable only when the dose was small ; above a critical level the ra i f)C 

most resistant family succumbed rapidly to the infection. No one fac of3 

responsible for the differing resistance of the different rabbit families. ‘ 

were apparently implicated. Thus it was found that low skin permeability to the mj 
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primary infection by the tubercle bacillus, the genetic constitution of the individual 
plays by far the greatest part in determining whether he develops clinical tuber- 
culosis or not — assuming, of course, that for the purposes of comparison the general 
environmental conditions can be considered approximately constant. 


The Prevalence of Tuberculosis. 

Though tuberculosis is a notifiable disease in this country, large numbers of 
cases are not in fact notified, and the Registrar-General has, since 1931, ceased to 
publish the returns in his annual report. To obtain a satisfactory idea of the 
prevalence of tuberculous infection, resort must be made to three other sources of 
information — the tuberculin test, post-mortem statistics, and X-ray examination. 

Latent Tuberculosis as revealed by the Tuberculin Test. — Von Pirquet (1907) 
in Vienna drew attention to the value of the tuberculin test in indicating the dis- 
tribution of infection through- 
out a given population. 

Von Pirquet’s skin test con- 
sists in placing a drop of tuber- 
culin on the forearm and a drop 
of 50 per cent, glycerine adjacent 
to it as a control. With a small 
lancet a scratch is made through 
each of the drops. A positive 
reaction is denoted by the appear- 
ance within 24 or 48 hours of a 
bright red papule, at least 5 mm 
in diameter, at the site of inocula- 
tion; later the colour becomes 
dark red, and the lesion disap- 
pears in about a week. This is 
known as a primary positive 
reaction. In some persons the 
reaction is delayed for a few dap, 
or occurs only after a second in- 
oculation a week later— torpid or 
secondary reaction. 

A primary positive reaction is 
taken as evidence of the existence 
in the body of a comparatively 
recent tuberculous lesion, « hl£ 
may or may not be - lively P r0 ‘ 
gressing. A torpid c secondary 
reaction is believed to indicate 
the presence of an old tuberculous 
(Modified from von Pirquet.) lesi00l inactive or in process oi 

Complete ft*, to react 1, ee.dcce that the ^ect ha, no«r hero la coalac 

-t'- “ that heahng *“ 0C °” m ' clinicallj . non-tubetculea 3 

> Pirquet (1809) Tt a time trhen tuber- 



Using this test, von J 


graphically in Jig. 217. , „ . t ut it is clear that by 

S The figures for the older age groups are rather am 
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the spleen. Similarly, blockade of the macrophage system by the injection 
of india ink (colloidal carbon) or other substances which are phagocytosed 
to such an extent that the phagocytic cells are fully occupied inhibits the 
immune response. Likewise, injury to hematopoietic tissue by irradiation, 
inoculation of benzene or nitrogen mustards also decreases the antibody re- 
sponse. 

If it be true that these cells are responsible for the synthesis of antibody, 
it would appear to follow that they would form immune globulin in tissue 
culture. Carrel and Ingebrigtsen 11 found that the addition of goat red cells 
to cultures of guinea pig bone marrow and lymphoid tissue resulted in the 
appearance of hemolysin which, however, did not require complement for 
lysis. It has not been possible to repeat this work, i.e., the addition of antigen 
to tissue culture of cells from normal animals, but many workers have ob- 
served the formation of antibody in cultures of tissue fragments, such as 
spleen and bone marrow, taken from animals that had been previously 
inoculated with antigen. 

The inoculation of antigenic substances results in a marked lymphoid 
proliferation in the regional lymph nodes and in the spleen. In recent years 
observations have been reported by two groups of workers, Dougherty and 
his associates 12 and Ehrich and his associates, 13 which suggests a function of 
the lymphocyte in either the storage or formation of antibody. The evidence 
is of the following general nature 14 : Typhoid bacilli or sheep erythrocytes 
were injected into the plantar surface of the hind feet of rabbits; lymph was 
collected from the efferent lymph vessel of the popliteal lymph node, and 
the lymphocytes separated and washed by centrifugation; saline extracts 
were prepared by alternate freezing and thawing of the suspension of washed 
lymphocytes. Comparison of the antibody titer in the lymph plasma and 
lymphocyte extract showed that, five days after injection, the extract con- 
tained 8 to 16 times as much antibody as the plasma. In view of the long 
persistence of a solid immunity, this concept is surprising in that it relates 
antibody formation to a tissue as structurally and functionally labile as 
lymphatic tissue. This area is being actively investigated by a number o 
workers and in time no doubt the role and relative importance of the lymp o- 
cyte will become clear. . 

Local Immunity. The defense mechanisms functioning in the immune 
state have been assumed to be general ones and, for all practical P ur P°^s. 
equally effective throughout the body. It has been suggested, however, 
these mechanisms are localized, or obviously accentuated, in certain , 
not necessarily in tissues containing a large proportion of cells o t e 
phage system, but tissues such as the skin, the intestinal mucosa, 
mucosa, etc. 


“ S me ! and ,0 “ r : 57?295, ibid., 1945, 58=135, 

review in Ann. New York Acad. Sci, 19 . 

» Ehrich el el : Science, 1945, 101:28; Jour. Exp. Med, 1945, 81:73; ibid., 1946, S3 
373; ibid., 1946, 84:157. , ,, . Exp Med, 1945, 

11 Experiments repotted by Harris, Grimm, Met tens and Ehrich. Jour. Exp 
81:73, 
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of dosage of tuberculin is overcome by expressing the potency of preparations of tuberculin 
in terms of the International Standard Old Tuberculin and of the International Standard 
Purified Protein Derivative (Mammalian) (see p. 1510). The potency of the standards 
in both cases is expressed in international units. The international standard of old tuber* 
culin, which is an average preparation of the substance, contains 100,000 units/ml This 
value was adopted for convenience, so that the smallest dose in the routine Mantoux test, 
0*1 ml. of a 1/10,000 dilution, contains approximately 1 unit. 

Numerous surveys have been carried out- in different countries during the past 
twenty years or so by the Mantoux test. The results of three of these are repre- 
sented in Fig. 278, Observations on probationer nurses entering hospitals during 
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to von Firquet test (Slater and joruan 
the 1030V showed that about 80-9(1 per cent. 

60-70 per cent, ill Denmark, and 10-60 per ccn ' IC „ orte d for student' 

culin-poaitn-e (sen Report 191ta). b.in.lar fign t] j mve reactors 

entering university, except m the in ‘ observations from 

numbered only 30-50 per cent, (nee Long IMS^ M ^ amon „ nuts cs ranging 

the United States have revealed a tuWid ?o phi|ado , p hia, showing a big 
from only 8 per cent, in Mlnneapote Palmcr 1949). 

decline ill the infection rate (Goddard, Ed . eJttea , 0 f America, most 

In the large industrial cities of Europe, an ' ^ thej> rcacll 18 years 

children are probably infected with tubereulo by* \ n , „ com para- 

of age, but in rural areas infection is much f ‘ emulous or die of 

tively small proportion of reacting children 1 
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Although attributable in some degree to the nature of the local defense 
factors, such as pH and the like, the predilection of an invading micro- 
organ ism for some particular p3rt of the body such as the central nervous 
system might be regarded as indicathc of a relath c susceptibility of certain 
tissues and, comersely, a relative resistance on the part of others — in 
Ehrlich’s terminology, the presence or absence of cell receptors. In a disease 
such as typhoid fever or cnsipelas, for example, it should be necessary then 
that only the intestinal mucosa or the skin be immune, the other tissues 
being already resistant. This concept has been advocated particularly by 
Besrcdka. 1 ' The evidence upon which it has been based is generally regarded 


as relatively Weak, and local immunity in Besrcdka s sense prolubly does 
not exist. 

There is, however, good reason to think that local immunity, not of a 
particular tissue no matter where it may be in the body such as the skin, 
lull of a local area, does exist. It would appear to follow that the presence 
of antigenic material in a particular area would stimulate the production 
of antibody by the cells of that area and, in consequence, higher anti- 
body titers would be found in the inoculated and immediately adjacent 
area than in the Wood stream and other tissues. Such higher anliWxly titers 
have l>ecn demonstrated** in the nasal mucosa, for example, and it appears 
probable tint, under circumstances in which antilvxlv production tikes 
place within a restricted area, that area may exhibit an accentuated im 
niumty. 

Natural Imnittnilv. As pointed out elsewhere (p 216), the defenses of 
the normal animal agunst infection arc of two general types The first, 

** ISomlli' I oral |m«M*»iial»'*ti. William & Wilkins G-njuns, RiWrc. 1^27. 

>* Cams o ct cl.- Pmc S«r. Hip. 1S>< l. Med, 193 J. 29 517, 675. 1 Janies : J.-ur. Inf. !>is„ 
|940, 66 44. 
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S? !'7 r l - i had • ied 0f tie ‘ > t c ’ asc (Tabh 97 >- Ia otia *<**. latent or non- 
lethal tuberculosis is very much commoner in adults than in early life 

A similar but more extensive series of autopsies on a working-class population 
" t 'f >rtcd r !?' “ »«**» in 1905 . r/,o results agreed fairly well 

” 1 th those of Naegcli, the chief dilTcrcnces being that tuberculosis at Dresden was 
commoner but less fatal in children and more fatal in adults than at Zurich. 



Curve I — frequency of tuberculous lesions in every 100 autopsies of the same age group. 
Curve 2 = frequency of fatal tuberculosis in relation to all cases of tuberculosis. 

(After NaegeJi.) 


Burkbardt gives a very instructive table recording the incidence of latent 
tuberculosis in the different ago groups (Table 98). 

From this tablo it is seen that, though the percentage of persons with latent 
active tuberculosis docs not vary greatly in the different age groups, the percentage 
with latent inactivo or healed tuberculosis increases progressively with age. 


TABLE 07 


Modifier from Naeoew (1000), shoyvjno tjie Frequency of Tuberculosis (Tb.) ov au. 
Forms in Post-Mortem Subjects at Zurich. 



Autop- 

ales, 

Tb not 
found 

Tb. 

found. 

Per- 

ceotage 

T„ 

Of Tb. Talent* 

Died of 
Tb. 

Per- 

centre. 

Non- 

lethal 

Tb 

Per- 

cent"^- 

Children 0-18 years 
Adults 18 years and over 

88 

420 

20 

ir> 

301 

17 04 
93 11 

11 

110 

73 3 
28-13 

4 

281 

28-7 

1i 84 


The general inferences that appear to be justified by these results are 
follows : 

(1) Tuberculosis is uncommon, but often fatal, m infancy. i but 

(2) The mctdcnce of tuberculous infection increases steadily in cmUitioo , 

the disease appears to be least fata! during this period- , 

(3) After school-leaving age the incidence rises rapidly, reaching JU P 
or so by the age of 18 years. The casc-fatahty rate also increases. 
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characterized by non-specificity with respect to the infectious agent, has 
been called resistance and discussed earlier. The second type, showing a 
greater or lesser degree of specificity, is considered here as natural immunity. 

It is the rule rather than the exception that pathogenic microorganisms 
are sufficiently closely adapted parasites that they are able to establish 
infection only in more or less closely related species of hosts. Thus it is 
perhaps not to be expected that the same parasite will be able to infect 
organisms as widely different as higher plants and mammals. It is of par- 
ticular interest, therefore, that Pseudomonas pyocyanea, a not uncommon 
pathogen of man and higher animals, has been found able to infect tobacco 
plants and may be identical with the plant pathogen Phytomonas poly- 
color . 17 

While in Ehrlich's terminology it might be said that the cellular organi- 
zation of the plant lacks receptors for the human pathogen, there is evidence 
of a positive type of resistance to such infection. Antibiotic substances, 
similar to those produced by bacteria and fungi (p. 128), have been found 
m a number of higher plants. Thus, extracts of cabbage, turnip, onion and 
barberry plants inhibit the growth of Bacterium coli and Bacillus stibtilis , 18 
chlorophyll and related compounds have been found to inhibit the growth 
of the tubercle bacillus, 10 and substances which inhibit the growth of 
Staphylococcus aureus and Bacterium coli have been found in a large num- 
ber of angiosperms. 20 None of the plants, however, is known to produce 
anything resembling antibodies. 

Natural immunity is closely associated noth the specific immune response, 
an immunity which is expressed in the form of the bactericidal and opsonic 
powers of normal blood, in the presence of the so-called normal agglutinins 
and the like. Such antibodies are generally present only in low titer, ana 
the immunity associated with their presence in man is of a low grade but 
is possibly a significant part of that complex designated “resistance’' in an 
earlier chapter. In many instances antibodies may be found under circum- 
stances in which it is highly improbable that the animal has come in contact 
with the infectious agent; it has been noted, for example, that cattle sera 
will not infrequently neutralize the yellow fever virus and, more o ten, 
contain agglutinins for bacteria such as the typhoid and dysentery aci 
the cholera vibrio, and certain of the rare varieties of Salmonella. A 
present in low titer, such normal agglutinins appear to be no different mm 
the immune agglutinins in adsorbability, heat resistance and the h e. 
normal macrophage response does not involve this specific element, or 
kinds of intact particles are phagocytosed. The question of t . e , on ?”!i 
these antibodies is, then, of some significance and it may be as e \v 
or not specific antibodies may be formed in the absence of antigenic s i 
rion. 


17 Elrod and Braun: Jour. Bact., 1942, 44.633. 1040 41:287, 

« Cf Sherman and Hodge: Jour. Bact., 1936, 31:96; Diet: Arch. Surg , 

Fuller and Higgins Food Research, 1940, 5:503. - Q 74 

Daly, Heller and Schneider Proc. Soc. Exp. Biol. Med., 193 . q c{(>nce< 1944, 
20 Osborn Bat. Jour. Exp. Path., 1943, 24 227; see also Pratt etal,™ J00 - 
99:351; Tsuchiya et al. ; J 0 ur. Bact., 1944, 47:422, Lucas and Lewis Science, 

597 . 
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tuberculin reactors in the first tvro years of life was nearly the same as the percentage 
incidence of tuberculous lesions found at autopsy, indicating again that at this age 
practically all children who became infected died of the disease. These figures refer 
to a low social class in Scotland in which tuberculosis is undoubtedly a very severe 
disease, and it would be unjustifiable to conclude that they are valid for all classes 
and for all countries. Indeed there is considerable evidence to the contrary 
(Rosenberg and Kereszturi 1937, Price 1938, Miller 1917). With the progressive 
decline in tuberculosis mortality that is occurring in Europe and America, primary 
lesions are being increasingly observed in adults. Many of them appear to run 
a more benign course than those in infancy (Terplan 1934, Waligrcn 1938) 

In considering the fatality of tuberculous infection in early life, it must be remem- 
bered that the type of case seen by Naegeli, by Burkbardt and by Blacklock, was 
not representative of the whole infantile population, but merely of that portion 
of the infantile population which showed symptoms of disease of sufficient severity 
to demand admission to hospital. If an equal number of apparently healthy infants 
could have been examined, it is quite conceivable that many would have shown 
latent tuberculous lesions. All our figures hitherto have been selective. The 
diagnosis of tuberculosis in infancy is extremely difficult, and only advanced and 
fatal cases are recorded. The result is that we have come to believe that infection 
in infancy is usually fatal. That this conclusion is wrong is shown very clearly by 
the observations made at Liibeck on the infants who were vaccinated by the mouth 
during the first few days of life with theB.C.G. strain (seep. 1529). The vaccine 
had by mischance become contaminated with virulent human tubercle bacilli and 
a large number of the infants became infected (Report 19355). Out of 251 vaccin- 
ated infants, 72 died of tuberculosis, 5 died of other causes, while 174 were alive 
two to three years later. It is probable that all the surviving children had been 
infected to a greater or less extent, and radiographical examination actually showed 
the presence of calcified mesenteric glands in 127 of them. It is interesting to note 
that practically all cases that developed a primary lung lesion died, whereas the 
majority, which had primary alimentary lesions, survived, 

We may conclude tentatively that tuberculous infection in infancy is o ten 
liable to cause death, particularly if it occurs by the respiratory tract. Infection is, 
however, by no means uniformly fatal. Provided the environmental conditions are 
good, and exposure to infection is not too severe or repeated, it seems proba c a 
latent lesions may result of a type similar to those met with iu later years. 


Latent Pulmonary Tuberculosis as revealed by X-ray Examination. 

In recent years X-ray examination of the chest has come to play an import-^ 
part in the diagnosis of pulmonary tuberculosis, since it is possible } * is ^ 
to detect lesions before clinical manifestations have developed. In sc\ era cou ^ 
surveys are now being made to determine the frequency of pulmonary e . 
different classes of the population. Table 99, taken from the report o ie • 
Research Council’s special survey (Report 1945u), affords an examp e o 
of result obtained. . . . *ere 

It will be seen that between 0 8 and 2'6 per cent, of sii jec ■ - t 0 f 

found to have tuberculous lesions of sufficient severity o e ^ai CJl I CJ fied 
some sort. No attention is paid in these figures to 5ieaI ^ } { 20 per 

tuberculous foci of the lungs and glands, such as -can be 0 ( Bradbury 19171 
cent, of young adults (see Hethcnngton et at. 19-9, Opie 19 , 
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Natural Antibodies. That the formation of some antibodies is genetically 
determined and takes place in the absence of antigenic stimulus is estab- 
lished in the case of the antibodies which determine the human blood 
groups. It is not unreasonable to suppose that in other instances the arrange- 
ment of polar forces on the surface of the normal globulin molecule might 
be such as to make possible to a greater or lesser extent the specific adsorp- 
tion of antigenic substances. The probability that this will occur is, how- 
ever, not great, and it is unlikely that such an explanation is generally 
valid. 

Inapparent Infection. A second possibility that accounts for the presence 
of normal antibodies is that of inapparent infection. A case in point is that 
of the appearance of diphtheria antitoxin in the blood in the absence of 
clinically recognizable infection; it is well known that the proportion of 
Schick-negative individuals increases in succeeding age groups. It is defi- 
nitely established that the indicated formation of antitoxin is an immunity 
resulting from inapparent infection, i.e., the earning of virulent diphtheria 
bacilli in the throat, and the antigenic stimulus of the presence of small 
amounts of diphtheria toxin (p. 621). The agglutinins for FIcxner dysen- 
tery bacilli and some of the common species of Salmonella associated with 
food poisoning not infrequently present in normal human sera to titers of 
1.80 to 1- 160 in all probability arc a consequence of subchnical infections. 
It is probable that such a sequence of events occurs in a number of diseases 
and that so-called normal antibodies, such as the neutralizing power of 
normal adult scrum for poliomyelitis virus, measles virus and other infectious 
agents, are, in fact, immune antibodies The manner in which a pseudo- 
racial immunity may be produced through infection has been discussed else- 
where (p. 219). 

Common Antigens. As indicated above, however, there arc many instances 
in which it is extremely unlikely that the animal whose scrum agglu- 
tinates a given bacterium came in contact with it either as a mild infection 
or otherwise. It is difficult to conceive, for example, of the ordinary cow 
in the United States coming in contact with the cholera vibrio. In such 
cases it is not necessary to assume cither that the oliservcd antibodies arose 
dc no eo through some genetic or maturation mechanism or that there was 
contact with the particular microorganism It is only neccssnrv to assume 
that the animal has come in contact with an immunologically similar antigen. 
The likelihood that this will occur is clearly a function of the frequency 
with which immunological relationship or identity is shared by diverse orpin- 
isms and the probability of contact with the unrelated form 

In addition to hetcrophile antigen, whose apparent random occurrence 
has Ixen discussed elsewhere, immunological!)- similar antigens have been 
found to occur in a variety of seemingly unrelated organisms, and it is 
probable that many more have not as vet ln-cn disemered. For example, 
cross tractions occur !x*luecn Type 2 pneumococcus polysaccharide and 
Type B Friedlandcr's bacillus, certain species of veasts. gum ac.ach and 
olher vegetable gums, and some strains of Rjcferirmi cr*I» and Racjeritiei 
ttcrv^cnes. the pilvsacchaiide of Type 14 pneumococcus is immuno- 
logical!}- similar to the specific antigen of human M<*xl group A; a cvnjtit- 
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l'n?n SC Tr \°< “ “ nusua,l >' hi S h risk ° f infection (see Hmmbeck mi, 1933 Boss 
f n f' Hrthmngton et al. 1031, 1935, Herman cl al 1932, Shipman and Dam 
5 ^er 1931 Kramcr lMl, Stiehm 1935, Jacobs 1938, Soper and Amber*™ 
j?®' l hr ,\ n,Uon o' 1 * Borland 1940, Hedvnll 1940, Hetherington and Israel 
1940, Brahdy 1941, Israel, Hetherington and Ord 1941, Alt, Barth and Bar 1811 
Hastings and Brim 1941, Lyght 1942). Deference may also he made to' similar 
surveys conducted by X-ray examination, sometimes in association with the tuber- 
cuJin test, in school children and other classes of the population (see Chadwick 
1927, Opie el al 1929, Ilcwitt and Cutfs 1932, Martin el al. W4, Fellows 2931, 
RouvilloLs 193 Harrington el al 1935, Weber ct al 1935, Hetherington, Israel 
and Kreitz 1938, Rope, Sartwell and Zacks 1939, James 1939, Douglas 1939, 
Hutchinson and Pope 1040, Galbraith 1941, Trail 1942, Banszky 1912, Clive 1913, 
Marshall 1915, Bradbury 1917, Umholtz 1918). 


Frequency of Tuberculosis in relation to Degree of Exposure to Infection. 

It has already been pointed out that in children exposed to contact with patients 
suffering from open tuberculosis the proportion reacting to tuberculin reaches a high 
figure in the early years of life (see Fig. 279, p. 1495). Observations by numerous 
■workers on families containing one or more members with a positive sputum have 
now shown that the children in these families have a much higher morbidity and 
mortality rate from tuberculosis than children in families with sputum-negative 
patients, and still more so than children in families completely free from tuberculosis. 
In this country Cox (1929) analysed the histories of 1,486 children under 5 years of 
age in Lancashire exposed to contact in the home with open tuberculosis. In these 
children the death rate from non-pulmonaiy tuberculosis was 9 times greater in the 
0-1 year age group, 14 times greater in the 1-2 age group, and 19 times greater 
in the 2-5 age group than that of a control child population in the County of Lan- 
caster. The excess deaths, it may be noted, were mainly due to tuberculous menin- 
gitis. In households containing one or more persons suffering from tuberculosis but 
having a negative 6putura, the death rate of the ex, ’ ’ *’ T ‘"' water 

than that in control children, but the differences ‘ 

Cox’s figures received general confirmation from . 

Worcestershire (1931). 


In the United States even more convincing evidence is available from the extensive 
observations of Opie (1928-29, 1935) and his colleagues (see Opio and McPbedran W*, 
McFhedran and Opio 1935), and of such workers as Erarts, Potter, and Dunn (1934) , 

Stewart, Gasa, Puffer, and Williams (1943). Tbo following figures furnished by upe. 
McPhedran, and Putnam (1935), which refer to the development of pulmonary fubercui , 
are of interest in showing not only the much greater frequency of the disease in 80 * 
exposed to open cases of tuberculosis, but also the proportion developing p 
tuberculosis in relation to the age of exposure. tiw 

(1) Of persons first exposed betB-een 0 and 9 yearn to contact mth 

patients, 9 92 per cent, of those living 12-14 years after the beginning of “ m . 

acquired pulmonary tuberculosis, whereas among those exposed to con 

negative patients, only 1-97 per cent sabseqnently developed the m , e 

(2) Of persons first exposed between 10 and 14 years to con jL a,,, ,, rr ,mv/t 

patients, 20 per cent, of those living 10-14 years after tire beginning o 

pulmonary tuberculosis, whereas none of those exposed to c P 

r 1ro“ re 3tV«%tr:f.er U year, of age * contact ivith 
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uent present in peptone is immunologically related to certain streptococcus 
antigens (group C); the capsule of the anthrax bacillus appears to be im- 
munoJogically identical with that of Bacillus mesentericus; the plague bacil- 
lus and paratyphoid B are immunologically related. From these examples 11 
it will be cleat that immunologically similar antigens may be distributed 
in an apparently random fashion in unrelated organisms and it is probable 
that in some, if not many, instances in which antibodies may be demon- 
strated for some microorganism with which infection or contact is unlikely, 
the antibodies are immune rather than '‘normal,” and a consequence of 
exposure to a similar antigen. 

In keeping with this discussion it may be pointed out that there is a 
strong possibility that there is no such thing as a normal specific anti- 
bacterial immunity and that immunity in which a specific antibody may 
be demonstrated is one that arises as a consequence of exposure to the 
antigen. The incubation period following injection, for example, provides 
the opportunity for an immunological response that is difficult to rule out 
in many instances. In this connection it is oF interest that attempts to 
establish a monoflora of Bacillus subtilis, an organism generally regarded 
as a harmless saprophyte, in bacteriologically sterile rats have resulted in 
a number of deaths from B. subtilis septicemia. 

Acquired Immunity. Specific immunity against infection may be of two 
types. The one, active immunity, is due to the direct participation of the 
host and is gained at the expense of the organism acquiring it. This active 
immune state, manifested by the presence of antibodies, a heightened 
cellular reactivity, and a marked increase in 'resistance to the infection, 
arises as a consequence of the stimulus of antigen present in the tissues. 
The antigen urny be inadvertently present, as in an attack of disease, or 
it may be purposely introduced into the tissues in such a form that, while 
its antigenic qualities are little if at all impaired, disease is not produced 
Active immunity may, then, be artificially produced by the parenteral 
inoculation 22 of appropriate antigenic material. In general terms, the methods 
by which active immunization may be accomplished are: 

CO T - 


GO in conjunction with protective antiserum, , , 

(2) the inoculation of attenuated bacteria of greatly reduced virulence tor t e , 


(3) the inoculation of bacteria killed by 

GO heat or 
(fc) antiseptics; 

(4) the inoculation of bacterial products 

GO secreted during life or 

00 liberated by the autolysis of dead cells; c-rtion 

(5) the inoculation of bacteria unrelated to the production of the sped c in 


These may be briefly illustrated. . . , - a 

(I) Immunity produced by the introduction of living, vnu en 
£1 The earlier literature is reviewed hy Ingalls: Jour. Immunol., 1937, 33 . ^ 

22 Oral administration of antigenic material is efficacious only m so . j nocu fe- 

antigen is absorbed through the intestinal wall and, compared wi p 


j _ 
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the lungs from tho alimentary tract via the lymphatic,, the bronchial glands should ,b™ 
the primary, and tho lungs tho secondary lesions. 

From these various sources of evidence we conclude that, with the exception 
of those cases of miliary tuberculosis in which tho lungs have been infected (torn 
the blood stream, the vast majority of cases of pulmonary tuberculosis are due to 
infection by the respiratory tract. 

Dust and Droplet Infection, 

Accepting the inhalation hypothesis, wo arc faced with the problem of how 
the bacilli gain entrance to the respiratory tract. The evidence brought to bear 
on this problem is so offensive that we can give nothing more than a brief outline 
of the conclusions drawn from it. According to Cornet (1889), the chief source 
of infection is the dust arising from dried sputum. Examining 140 specimens of 
dust taken from various situations — chiefly hospitals, public buildings, and the 
private rooms of tuberculous patients — ho found tubercle bacilli in iO of them. 
Jfo believed that tubercle bacilli might renmin alive and virulent in dust for 3 or 4 
months. Ho maintained that, opart from his sputum, a patient suffering from 
pulmonary tuberculosis was harmless. The main objections to this view are: (I) 
For tho tubercle bacilli to ho set free by tho desiccation of sputum the air must be 
absolutely dry ; if it is at all moist, complete desiccation does not occur. In 
northern Europe, at any rate, the atmospheric conditions during most of the year 
arc unfavourable for complete desiccation. (2) During the process of drying there 
is evidence that the tubercle bacilli, especially if exposed to sunlight, are liable 
to die (Hcymann 1901, Mayer, E,, 192), Caldwell 1925, Eidinow 1927). These 
objections, however, do not apply to sputum expectorated inside artificially heated 
buildings where drying may occur quite rapidly. 

According to FlUggc (1899) and members of his school (Moeller 1899, Heyroann 
1901, Findel 1907, Zicschd 1907, Hollmonn 1924), tho tubercle bacilli gain entrance 
to the respiratory tract in tho form of minute droplets expelled from the mout 
and nose of patients suffering from open pulmonary tuberculosis. Buchner showe 
that bacteria suspended in a very fine spray could be conveyed through sc' er * 
metres of rubber tubing, even when only a light current of air was used, base 
tschenko found that sprayed tuberculous sputum carried tubercle bacilli in suspea 
sion over a considerable distance when propelled by an air-current of only 3 
second. By taking suspensions of Chr. prodigiosum into his mouth, he ebowe 
organisms were expelled to a slight extent during speaking, to a greater e ® 
in coughing, and to a still greater extent in sneezing. Numerous wor ew ' 
found that tuberculous patients when coughing expel droplets containing u ^ 

bacilli; these droplets are projected for varying distances, but w> ® * , 

rule than If metres. Guinea-pigs placed about half a metre from 6 ® , 

tuberculous patients, and exposed freely to their cough-spray, no un 
contract tuberculosis. ... . . ... „„„„ d that U» 

. ■ ifld. 


over in diameter u.maiiu,u ui ‘ 1 

for a few minutes, and droplets of only u row ^ lui . -w - , rntow" 

expelled in coughing are said to bo fairly large, they c ° nc ’“ a ° J , ^ droplet* wei» 
by droplets must bo uncommon. Their measurements of tho srrn or 
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is practically identical with the immunity that results from an attack of 
disease after natural exposure. In expenmental work the varying facility 
with which this mode of immunization can be effected is in part dependent 
upon the susceptibility of the organism to the particular parasite, and a 
highly susceptible animal can be immunized in this way only with great 
difficulty or not at all. The successful use of living cultures involves the 
administration of small non-fatal doses which ate increased as immunity 
develops. 

The relative insusceptibility to infection by some particular route may be 
taken advantage of, as in Ferran’s method, now superseded, for protective vac- 
cination against Asiatic cholera, natural infection occurs via the alimentary 
tract and subcutaneous injection of the virulent vibrios is followed by a local 
inflammation but not by a general infection with serious consequences. 

The simultaneous administration of virulent microorganisms and pro- 
tective antiserum provides preformed antibody for combating the invader 
while allowing the immune reaction of the host to develop. This method 
is seldom used for the immunization of human beings but is common in 
some other instances; hogs may be immunized against hog cholera, for 
example, by simultaneous injection of virus-containing blood and antiserum 

(2) As indicated elsewhere, the virulence of a bacterial culture may be 
greatly diminished in a variety of ways, such as culrivation under unfavor- 
able environmental conditions and by passage through animal species other 
than that of the host in quesuon. Perhaps the most familiar examples of 
the use of such attenuated material are those of smallpox vaccination and 
inoculation against rabies. In the first instance the passage of smallpox 
virus in the cow greatly reduces its virulence for man but inoculation with 
the altered virus of cowpox protects against smallpox infection, and in the 
second rabies virus from dogs is "fixed," in Pasteur’s terminology, or at- 
tenuated by serial passage in rabbits. This method is particularly useful 
in immunization against the filterable virus diseases, since cultures are 
not available and “killing” destroys the antigenic properties of these agents. 
(See, however, p. 853.) 

(3) Suspensions in physiological salt solution of bactena killed by heating 
to 55° to 60° C. for thirty minutes or by treatment with formaldehyde or 
phenol are widely and successfuly used in man against typhoid and para- 
typhoid fevers and against a vanety of microorganisms in the laboratory. 
Such vaccines are, in general, most useful in infections in which the micro- 
organism does not produce a soluble toxin but contains an endotoxin. This 
method has the obvious advantage of avoiding all danger of infection while 
at the same time introducing into the body the substances most intimately 
connected with the bacterial cell and its activities. 

(4) The use of products of the bacterial cell for immunization purposes 
finds widest application in the case of those organisms which produce soluble 
toxins. As pointed out above, a solid immunity against diphtheria may be 
secured by stimulating the production of antitoxin. It is possible to build 
up such an immunity by using extremely small amounts of unmodified 
toxin in the early injections with gradual increases as immunity develops 
In general, however, it is much more satisfactory to use neutralized or 
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There is reason to beheve that the smaller the particle inhaled the more likely is tins 
to occur. Wells, Ratdifle, and Cntmb (1948), for example, found that, when rabbfc 
ivero exposed to a very fine spray of organisms containing nuclei that settled at a rate of 
less than l/10th foot per minute, nearly every nuclear particle gave rise to a tubercle in 
tho lung ; but when a coarser spray was used, containing nuclei that settled at the rate 
of about 1 foot per minute, less than 10 per cent, of the nuclear particles gave rise to 
tubercles. These results cannot, of course, be applied directly to human beings. Apart 
from the different anatomical configuration of the respiratory tract in the rabbit and in 
man, it must be remembered that droplet nuclei formed from cough spray are far less 
liable to contain tubercle bacilli than larger droplets. Moreover it is possible, though at 
present unproven, that tubercle bacilli in droplet nuclei may be less infective than in fresh 
droplets, owing to desiccation, exposure to light, or other factors. (See also p 2272) 


We are not yet in a position to assess the relative importance of dust, droplets, 
and droplet nuclei in giving rise to pulmonary infection, nor do we believe than an 
attempt to do so would be of very much value. In whatever form tubercle bacilli 
are expelled from the mouth they are potentially infective. The proportion dis- 
tributed in the atmosphere at any one moment as droplets, droplet nuclei, or dust 
particles must be determined to a considerable extent by the environmental con- 
ditions, and any generalization would probably be subject to so many exceptions 
as not to be woith making. In the control of tuberculosis the main conclusion is 
that the patient must be taught to practise a high level of hygiene and not to 
jeopardize the health of his fellows by spitting or coughing without taking adequate 
precautions. 

Several observers have drawn attention to the risk of aerial dissemination of tubercle 
bacilli in the post-mortem room (Hedvall 1940, Sloan 1942, Morris 1946, Meade 194S). 
Sloan, for instance, was able to show that infected droplets were scattered into the sir 
‘when tuberculous lungs were sectioned. 


Endogenous and Exogenous Infection. 

The loDg period during which it was taught that practically everyone reaching 
adult life had already been infected with the tubercle bacillus was characterized 
also by the belief that pulmonary tuberculosis of the adult type was the resu t 
either of activation of an old pulmonary lesion or of endogenous superinfection 
It is now realized that, except in crowded urban communities, a proportion o 
persons may reach adult life without becoming infected, and more attention w 
therefore being devoted to the part played by exogenous infection in the pat o- 


genesis of pulmonary tuberculosis 

Terplan (1940) and Medlar (1947, 1948) brought evidence to show that aatin 
who become infected for the first time may develop pulmonary lesions sinu ar 
those characteristic of childhood (see Opie below), and that many cases ofpulmonaj 
tuberculosis in adults are, m fact, the result of primary infection. Ihc 
nroblcm, however, concerns the genesis of pulmonary tuberculosis in tho 
have already been infected in childhood. Is the disease due to endogenous 
tion or to exogenous superinfection or re -infection* On this pmutthprcis S 

of ooinion. We have no space here to discuss the evidence in detail , I 
in? rote refer mainly, , t may he emphasized, to pulmonary 
Adolescence and early adult life, not to the late adult type, setose path „ 
i, very much m doubt. 
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detoxified toxin. In the first instance a neutral mixture of diphtheria toxin 
and antitoxin (TAT) is frequently used with satisfactory results; the com- 
plex breaks down slowly in the body, liberating free toxin which acts as 
the antigen. Toxoid prepared by treatment with formalin which has lost 
its toxicity but retained its antigenicity is generally used at the present 
time in a partially purified form precipitated by alum. The alum-precipi- 
tated toxoid is of some advantage since the toxin-alum complex breaks 
down slowly in the tissues, liberating toxoid slowly to provide a prolonged 
antigenic stimulus. 

It is difficult to distinguish between bacterial products secreted during 
life and the products of autolysis; it has been pointed out previously, for 
example, that usually the soluble toxin titer of a culture rises, not coinci- 
dent with the phase of active growth, but after cell multiplication slows 
down and breakdown of the formed cells begins. Studies have been made, 
however, on the antigenic qualities of autolyzed cultures and of cell extracts, 
but such antigens are not of great practical value since they are contained, 
for the most part, in suspensions of killed cells. 

(5) Some degree of immunity toward specific infections may be developed 
by the use of certain kinds of bacteria or bacterial products entirely foreign 
to the infection in question. In this category, for example, is the undoubted 
protection conferred against anthrax by the injection of Bacterium prodi- 
giosuin or Ps. pyocyatiea or their products. A number of instances of this 
sort have been described in connection with studies on common antigens 
and need not be considered further here. 

Irrespective of the antigen employed, the animal body requires a period 
of time to respond with antibody production and for a high degree of 
immunity successive antigenic stimuli are required. Early injections may 
consist of killed bacteria, followed by the inoculation of living, attenuated 
or virulent cells. The process of forcing a very high degree of immunity 
upon an experimental animal is often termed hyperimmunizatiou. If the 
antigen is injected in such a form that it is slowly absorbed, thus providing 
a prolonged stimulus, repeated injections may not be necessary. A sing e 
injection of alum-precipitated diphtheria toxoid, for example, may give 
about 80 per cent Schick negatives. Attempts have been made to use tpo 
vaccines, suspensions of bacteria in oil, to promote such low absorption^ 
but these are generally unsatisfactory because they are difficult to sterilize. 

Antibody is presumably first formed in the antibody-producing cells ana 
then spills over into the body fluids and blood stream. It is probable that t 
lag between inoculation and the appearance of serum antibody is in pa 
due to a mobilization of the processes of synthesis of immune globu '£> ® 
in part to the time required for the accumulation of antibody she y 
cells to detectable concentration in the body fluids. Antibody a so app 
in some of the secretions and excretions. The virus-inactivating agen in 
nasal mucus (p. 226) is regarded by some as antibody, and anti o y ' 
been found to occur ip the feces and urine of immunized amma s an 


23 See, however, Halbert, Mudd and Smolens: Jour. Immunol , J 9 * „ 4 Via nvard : 

24 Burrows, Elliott and Havens Jour Inf Dis., 1947 81 261 , Harmon and Uanv 

„• ioq. n La tnur fnf. Dis, 2948, 82:251- 
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tuberculosis, then far more care should be exercised than has hitherto been ceMr ,> 
m protecting not only children but adults, even tuberculous adults against the 
risk of exposure to infection. There is still a widespread tendency to neglect 
or minimize the risk of adult infection. In the absence of strong evidence to the 
contrary, we consider this attitude to be dangerous and reprehensible. Experience 
of the control of infectious disease, whether of bacterial or virus origin, has estab- 
lished the principle that avoidance of infection constitutes the first line of defence. 
Vaccination by natural or artificial means plays, as a rule, a much less important 
role. IVe see no reason why tuberculosis should be regarded as different in this 
respect from other diseases. 


TUBERCULOSIS OF BOVINE ORIGIN . FREQUENCY AND MODE 
OF INFECTION 

Non-pulmonary Tuberculosis. — The incidence of non-pulmonary tuberculosis 
caused by the bovine type of bacillus varies greatly in different countries and in 
different parts of the same country, depending in general on the incidence of 
tuberculosis in cattle and the quantity of milk consumed raw. The figures collected 
in Great Britain during the second world war, which were based on the examination 
of over 2,0 00 strains, showed that about 40 per cent, of cases of non-pulmonary 
tuberculosis in children under fifteen years of .ago, about 15 per cent, over this 
age, and about 25 per cent, of cases at all ages were due to infection with the bovine 
type {Report 1940, I9fj2d), By applying the proportions of bovine-type infections 
found in the different forms of non-pulmonary tuberculosis— meningitis, cervical, 
glandular, abdominal, bone and joint, genito-urinary, and miscellaneous— in the 
two sexes at different ages to the deaths given by the Registrar-General and to the 
figures of registered cases under treatment, it was calculated that in the yeaT 19U 
there were approximately 14,000 cases of disease and 1,500 deaths due to non- 
pulmonary infection caused by the bovine type of tubercle bacillus. 

In England and Wales about G-0 per cent, of deaths from all forms of tuberculosis 
arc due to infection of bovine origin. The frequency in other countries is less certain. 
In the United States, Park and Krumwicde (1910), who examined 436 strains o 
tubercle bacilli, of which 291 were derived from patients with pulmonary tuber 
culosis, found that7-57 per cent, were of the bovine type. This percentage, however, 
is not applicable to the present incidence of tuberculosis of bovine origin. *nc® 
1917 an intensive campaign has been carried out under the Pedeial Government <> 
eradicate tuberculosis in cattle, and the extent to which these animals are in ec e 
is now on an average probably only about one per cent, of that in Great n aio 
Clinical observers arc unanimous in agreeing on the comparative infrequency »n 
United States of cervical and mesenteric glandular tuberculosis in young c 1 ’ 

both of which manifestations in this country are generally due to the bovine a 
(see Reichle 1936). In Germany, Austria, Denmark, Sweden, Poland, an 
Netherlands the disease appears to be fairly frequent, though perhaps less 
in Great Britain (see Klimmer 1931, Lange 1932, 1937 , Blacklock 1932, 
a al. 1935o, b, de Lange and do Bruin 1935, Kaseoka-Zeyiond 1937, ' 

van der Hoeden 1937, van der Hoeden and Pannevis 1937, Hedvall 1 1 , 

1939, McMurray 1941, Holm 19466). . 

Source of Infection.-Cattlc form the great reservoir of infection with * ^ 

bacillus. In this country about 30 per cent, of all milch cowa reac 
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The former is of some interest in that it may be associated with immunity 
to the enteric infections m which the infection is confined to the lumen of 
the bowel and superficial layers of the intestinal mucosa. 

An animal may be simultaneously immunized against more than one 
antigen with no significant effect on the immune response. Typhoid vac- 
cine, for example, commonly contains typhoid, paratyphoid A and para- 
typhoid B bacilli (TAB), and other so called polyvalent vaccines containing 
a variety of microorganisms are effective immunizing agents . 25 

The immunity produced is variable to some degree and dependent upon 
the efficacy of the antigen used. Some hinds of bacteria are "good antigens." 
such as the typhoid bacillus, while others, such as the gonococcus, are 
"poor antigens" and no effective immunity may be produced. The reason 
for this is not known. When an active immunity is produced, however, it 
is generally of long duration and effective over a period of years. 

The immune response, as indicated by antibody titer, generally is appar- 
ent by the second of a scries of injections and the titer increases with 
succeeding injections until an upper limit is reached. With cessation of 
inoculations the antibody titer slowly declines and within a few weeks has 
reached a very low level. Subsequent injection brings about an immediate 
antibody response, much more rapid and pronounced than that of the 
initial immunization. It is of some interest that this secondary response 
may be brought about, although to a lesser degree, by the injection of a 
heterologous antigen, a phenomenon that has been termed the anamnestic 
reaction this stimulation to fresh production of one antibody when a new 
antigen is injected has been an important obstacle to theories of antibody 
production such as retention of antigen in the cells, etc. It may be noted 
here that the injection of any antigenic substance stimulates the mobili- 
zation of the defense mechanisms of the body, a phenomenon which is 
made use of in non specific protein therapy, the injection of sterile milk, for 
example, may markedly stimulate the body to combat invading micro- 
organisms. It will be clear that, under the circumstances, any interpretation 
of the beneficial effect of vaccine therapy of infectious diseases must he 
made with caution. 

Passive Immunity. In contrast to active immunity, passive immunity 
involves no active generation of protective substances by the immunized 
animal The latter is simply the recipient of antibodies formed in the body 
of another animal and transferred to the individual to be protected. Such 
passive transfer occurs in nature from mother to offspring, in 11 tero via the 
pljccntal circulation in man, apes, and rodents in which there is only one 
layer of cells between the maternal and fetal circulatory systems, and after 
birth via the colostrum in ruminants in which there arc four layers of cells 
between the two circulatory $}Stems. J * The direct absorption of immune* 
logically unaltered aotilxxlv from the lumen of the bowel in the adult guinea 
pig has been observed also 21 

Artificial passive immunization is brought about by the injection of 

si For recommended combinations ire Amcr. Jour. Pub. Health, 1944, 34 452. 

** Sec the review in the Lancet, 1941, i 44 

17 Burrow* and Harem Jour Inf. !>is , 1948. S2 231. 
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1932 Hedvall 1942). Strong support for this view is afforded by the studies of 
bigurdsson (1945) in Denmark. 

Investigating the ongm of 506 strains of tubercle bacilli from cases of pulmomrv 
tuberculosis typed at the State Serum Institute, Copenhagen, between 1932 and 1910 
Sigurdsson found that 91 were of bovine and 475 of human type. Of the borne strains’ 
67 came from 165 patients who had been living during the two previous years in rural 
districts, 1 1 from 39 patients in urban and rural districts, and 13 from 362 patients in urban 
districts. Among the 67 purely rural patients, no fewer than 63 had been recently in 
contact with strongly tuberculous herds of cattle. Milk-borne infection seemed to be 
improbable, because (a) the clinical features were those of primary lung tuberculosis, 
(6) the younger children, who drank milk but who were not in close contact with infected 
cattle, did not develop pulmonary lesions, and (c) pulmonary tuberculosis in adult rural 
workers who were not living on infected farms but who were exposed to milk-borne in 
fection from these farms was always due to infection with the human type. Further 
evidence also pointed strongly to the conclusion that pulmonary tuberculosis due to the 
bovine type of bacillus was associated with close contact with tuberculous cattle and 
was duo to the direct inhalation of tubercle bacilli coughed up by the animals. 

Occasionally infection is transmitted from one person to another by contact 
(Griffith 1938). The clinical course of the disease is often rapid and a considerable 
proportion of cases prove fatal. 

Summarizing, we may say that practically all non-pulmonary cases of bovine 
origin are contracted through the agency of raw milk or cream. Cheese and butler, 
it may be noted, probably play an insignificant part in the transmission of infection 
in Great Britain. Over 80 per cent, of butter is imported and practically all 
imported butter is made from pasteurized cream. In cheese the tubercle bacillus 
dies out fairly quickly, and is usually dead before the ripening process is complete. 
Only in farm butter and in soft cheese, i.e., unripened cheese eaten within a few 
days of its preparation, are tubercle bacilli likely to be found alive. Pulmonary 
tuberculosis of bovine origin is mainly a rural disease, and infection appears to be 
contracted more often by the aerogenous than by the alimentary route 

It is of interest to recall the changes that our views on tuberculosis of botinc 
origin have undergone m the present century. At the London Congress on Tu 
culosis m 190 1, Koch asserted, on the basis of inadequate experimentation, tea 
bovine bacilli were virtually non-pathogenic to human being3. His views were 
attacked by M‘Fadyean (1901) and by Ravenel (1901) on the basis of strong, 
though circumstantial, evidence. As the result of considerable opposition, 00 
modified his views at the Washington Congress in 1903, to the extent of « ™ 
ting that human beings might be infected with bovine tubercle bacilli, 
ho maintained that serious disease due to these organisms was very rare, an ^ ^ 
preventive measures to protect the human population against tu ercu 
bovine origin were quite unnecessary. The extensive labours of the oya ^ 
mission on Tuberculosis in this country, and of continental and American 
revealed the fallacy of Koch’s teaching, and showed that non-pulmonary u 
culosis in childhood was frequently caused by the bovine bacil us. 
sequent work of Griffith, Munro, Lange, and others drew attention o ^ 
rence of bovine bacilli in pulmonary tuberculous and infections o {| 

as a whole must be regarded as a .serious menace to the human P°P U ‘ . a( 

countries where tuberculosis of cattle is common. The evidence s« re 
bovine bacillus is quite as virulent for man as the human baciif » « i 
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immune sera such as the antitoxic sera of horses immunized against diph- 
theria toxin, tetanus toxin and similar antigens, or of convalescent sera 
taken from recovered human cases of the disease in question. Passive im- 
munization is most effective with antitoxic sera; with exceptions such as 
virus neutralizing sera, antipneumococcus sera and the like, antibacterial 
sera are generally not highly effective either prophylacrically or thera- 
peutically. 

Unlike active immunity, passive immunity is not of long duration, gen- 
erally not more than two or three weeks. Repeated injections of tetanus 
antitoxin, for example, must be made at weekly intervals as long as the 
danger of infection remains. Horse serum globulin acts as a foreign protein 
in the human body and tends to be eliminated as such. Passive immuni- 
zation with homologous serum is possibly of somewhat longer duration. 

HYPERSENSITIVITY 

The response of the animal body to the presence of antigen in the tissues 
is clearly an advantage when the antigen is a toxin or the cell substance of a 
pathogenic microorganism. It was early apparent, however, that an initial 
ir . ' ... ’ ... 

It 

;; . ■ ; ■ / _ . , , , " . 

is" " x ■ ' 4 

and is most striking when the antigen is initially bland. While it may play 
some part in effective immunity, there is also reason to believe that hyper- 
sensitivity to the cell substance of bacrena may', in some instances, contribute 
to the pathology of the disease resulting from infection as, for instance, in 
acute rheumatism and arthritis, and hypersensitivity to non-living antigens 
may also result in disease of non-infectious nature. Hypersensitivity is quite 
general and may take a variety of forms in both experimental animals and 
man. 

Anaphylaxis. 23 The sensitizing effect of an ini tial inoculatign_of^ntjgen 
was observed by Richer in 1902 in a study ot the immunization of dogs with 
toxic extracts of the sea anemone. About this same time Theobald Smith 
noted the lethal effects of second and third inoculations of diphtheria toxin- 
antitoxin in the guinea pig when the inoculations were widely spaced, and 
in 1905 Otto found that the active agent in the mixture was horse serum. 
This was subsequently studied in considerable detail by Rosen au and An er 
son and the general picture is now quite clear. . f 

If a guinea pig is inoculated with horse serum at intervals of perhaps our 
to eight days, it responds with the development of an immunity an P t( ^ 
cipitatmg antibody appears in the serum. If, however, an inteiva o. ten 
twelve days elapses between the first and second inoculations, t e 
becomes hypersensitive as a consequence of the first inoculation an 
second is highly toxic. The state of so induced, by t 
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method of examination was recommended by Gougerot (1945). When examining h, 
arelrospma 1 fluid, it is best to allow the fluid to stand till a fibrinous clot forms- 8 £ 
should be removed v.th a platinum loop, spread on a slide, and stained th aid 
manner for ac.d-fnst bacilli. Otherwise it should be centrifuged and treated lie ” n 
In pleural fluid, except when it is purulent, tubercle bacilli arc so scanty that tecoa™ 
should be had to culture or animal inoculation. In adult patients mthout sputum or in 
children who swallow it, microscopical examination may be made of the fasting stomach 
contents or of the f trees, but cultural methods 'arc much (superior. 

In pus the bacilli ore often very difficult to demonstrate ; Gardner (1920), following 
Spongier (1907), recommends the use of half-saturated aqueous picric acid as a counter 
stain. 


The microscopical method of examination, though very simple, must not be 
undertaken without due regard to the errors of the technique employed. Micro- 
scopical examination alone cannot distinguish between tubercle bacilli and other 
types of acid-fast bacilli. Besides saprophytic acid-fast bacilli of the Mycobacterium 
group, which are widespread in hay, straw, dust, animal litter, soil, and water, there 
are a number of other organisms, such as the leprosy bacillus, Johne’s bacillus, 
and some species of Actinomyces, which are acid-fast and which may occasionally 
give riso to confusion. 


In order to avoid contamination of tho material with these organisms, strict attention 
must bo paid to the preparation of tho actual films. In particular, all stains and reagents 
should be made up with fresh glass-distilled water; and all glassware should be soared 
in 50 per cent, nitric acid for at least 15 minutes. Only new slides should be employed, 
since there is no simple method of removing acid-fast bacilli from slides on to which they 
have been fixed and stained, and every slide should be thoroughly flamed in & Bunsen 
burner immediately before use. If tho material has to bo rubbed up in a drop of water 
on the slide fresh glass-distilled water or water from a hot tap in constant use should 
be used, since acid-fast bacilli are usually abundant in cold-water taps (see Chapter 16) 
Caro must be taken to avoid contamination of the cedar-wood oil reservoir from the 
surface of ft previous film, and the oil-immersion objective should always be cleaned awr 
examining ft positive film. All apparatus, particularly if made of metal or rubber, use 
Ui tho collection of catheter and other specimens* should be kept under conditions l a 
will prevent the growth of saprophytic acid-fast bacilli on their surface. For refercu«3 
to these and other sources of error sec G. S. Wilson (1933), Saenz and Costil (1936), • • 
Wells (193G), Tytlcr, Edwards and Trayer (1938), Hauduroy (1944), Tjtler (1945), & n 
Report (19456). 


When all these precautions have been taken, the importance to be attac e 
the finding of acid-fast bacilli will vary with the nature of the material exanun 
Though acid-fast bacilli in sputum or cerebrospinal fluid may be regarded as a ® ^ 
certainly diagnostic of tuberculosis, their presence in faeces or urine roust. e 1 “ 
preted with far greater caution, since the presence of saprophytic acid-fas , IDC “ ® 
Bmegma, bacilli cannot with certainty be excluded. In blood so many ** 
are liable to be present that it is extremely doubtful whether the search or 
bacilli is justified at all. 

Of recent years fluorescence microscopy has been used for the exammation of tu & 
bacilli. The method depends on the observation that tubercle ac , ware3 
suitable dye and irradiated with ultraviolet light, transform e in advocate 

longer visible rays. Hagemann (1937«, 6), who introduced the method.at 
berberine sulphate as the dye, hut later be (1938) recommen ^ a3 g 0 iden yell 0 * 

through a yellow filter in the eyepiece, the fluorescent organisms appe 
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aphylaxis is a laboratory artifact in th at_iLxesuIt^ironi-th£JUrP QScrul'inQ CU- 
"lation of antigen into theTlssiies, and shock is p roduced by th e rap jtLinocu- 
1 ation of relatively large a mounts of antigen, usuaIIy^ rectIy~intothe-blGod 
stream, it is artificial in that It occurs only under conditions set lip Iiy”man, 
in experimental inoculation of animals and in scrum therapy in man. 

The sensitizing dose may .be exceedingly '.of 

horse scrum in the guinea p ig, and varies :Jif- 

ferent experimental animals. The shocking to 

0. 01 ml. of horse serum for the guinea pig. Within a certain range the sever- 
ity of the shock produced is directly related to the size of the shocking dose, 

1. e., mild shock is produced by a small dose and lethal shock by a larger 
dose. The route of inoculation of the sensitizing dose is not important. For 
some animals and some antigens several sensitizing doses may be required 
to develop hypersensitivity, but in any case the doses must be small and 
widely spaced. A single dose suffices to shock and the route of inoculation is 
important, Intravenous and intracardial inoculation is most effective, and 
in the guinea pig, which is the most readily sensitized and shocked of the 
usual experimental animals, intrapcritoncal inoculation of the shocking dose 
is effective but the reaction is delayed and larger doses are required. Once 
established, the anaphylactic state persists more or less indefinitely hut 
diminishes appreciably in the guinea pig after a few weeks. If the shock 
produced is not lethal, the animal is temporarily refractory, that is to say, is 
desensitized, but hypersensitivity reappears, in the case of tlic guinea pig 
after perhaps two weeks or less. Guinea pigs, rabbits and dogs arc the com- 
mon experimental animals, but birds may be sensitized, while mice, rats and 
monkeys can be sensitized only with difficulty and then irregularly. The 
symptoms and postmortem pathology arc essentially identical within a given 
animal species regardless of the antigen used, but differ from one animal 
species to another. 

The Guinea Pig. Following inoculation of the shocking dose the animal 
remains quiet for a few moments but very soon becomes rrstlcsSj the fur 
becomes ruffled , and the animal rubs its nose and jmeezes . Clonic and toni c 
co nvulsions set i n, the animal falls to its side, r espiration becomes Inliored 
and the animnl dics gasping for breath while the heart continues to bent . 
This symptom complex Is produced in varying degree in non -fatal shock. 
The outstanding postmortem findings arc the marked distention of the lungs 
and hemorrhages on the under side of the diaphragm. The lungs remain 
distended after the thoracic cavity is opened and when removed from the 
body and cut. The bronchioles arc sharply constricted with the retention of 
air in the alveoli, and the immediate cause of death is suffocation. The 
contraction of the bronchioles is not prevented by vagotomy or curare and is 
muscular or immediately neuromuscular in origin. 

The Rabbit. The rabbit is less susceptible to anaphylactic shock than the 
guinea pig but fatal shock may be produced by intravenous inoculation of 
relatively large amounts of antigen.* -^mptoms and pathology differ 
sharply from those in the guinea pi Vc of difficulty in respiration. 

The animal falls on its side, she \ movements and passage o f 
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which have been cultivated are really tubercle bacilli or are derived few the 
material under examination. Though numerous methods have been suited f or 
distinguishing between tubercle and saprophytic acid-fast bacilli (see Coffins 1953 
Engbaek 1954), the truth remains that, in primary diagnosis, no organism should 
be reported other than provisionally as a tubercle bacillus until it has been finally 
identified by animal inoculation. 3 


The microscopical demonstration of acid- fast bacilli m the fasting stomad 
was described originally by Meunier in 1898, bat a as not adopted as a routine till it was 
rediscovered by Armand-Delille (1927) nearly thirty years later. Cultural examination 
has been found to be considerably more delicate than the microscopical method and is 
now widely used (see Webster 1941, 1943, Davies and Doherty 1942, Robinson and Rum 
1943). It is particularly suitable for hospital patients. For other patients the hrynqcnl 
sunk method is generally preferable (see Report 19156, Forbes el al. 1948). This is a 
development of the technique described by Bchmann (1930) and Wood (1936). It is nor 
quite so sensitive as gastric lavage, but this defect is counterbalanced by the fact that it 
causes much less inconvemenco to the patient and can therefore be repeated more often 
Both stomaclL contents and laryngeal swabs should be examined as soon after collection 
as possible. VFor the examination of /trees some concentration method, such as the iigroin 
method, should be employed. Cultivation of fieccs is of help in the diagnosis of intestinal 
tuberculosis and, as an alternative to gastric lavage or laryngeal swabs, in persons from 
whom sputum is absent or unobtainable. According to Tytler (1945), if earned out care- 
fully, it is only slightly less sensitive than the culture of stomach contents (sec also Jlishulow 
et al. 1934). Wagener and Reuss (1953) recommend the quaternary ammonium detriment 
Bradosol, to which tubercle bacilli are resistant. By its use they' were able to demonstrate 
tubercle bacilli not only in urine and fseces but also in town sewage. 

Pleural fiuid, may be prevented from clotting by the addition of two drops of 20 pet 
cent, sodium citrate solution for every 10 ml. of fluid ; it is then centrifuged and the depout 
is planted with a pipette on to suitable egg media. Alternatively, tho fluid may be dis 
tributed into bijou bottles in 10 ml. amounts and allowed to clot ; the clots are then spread 


thoroughly over the surface of egg tubes (Close 1940). 

Between the tw o world wars, mainly owing to the assertion of Lbwenstein that tuberclo 
bacilli could be isolated from the blood of a high proportion of patients sufier'mgnoto y 
from pulmonary and non-pulmonary tuberculosis, but also from such diseases as articu r 
rheumatism, polyarthritis, chorea, multiple sclerosis, schizophrenia, and rctro-bo •* 
neuritis, considerable attention was paid to the subject of tuberculous bacillcemia- e 
not propose to discuss this work in detail. Though tubercle bacilli may be demonstra 
by cultural and animal inoculation methods during life in 5-10 per cent, of severe, a 
and progressive cases of pulmonary tuberculosis and 30-40 peT cen*. of cases o m " a 
and meningeal tuberculosis, and ui 50 per cent, of fatal tuberculous cases examine 
mortem, they can very rarcl.v be found in the early stages of pulmonary or 
monary tuberculosis. A search for these organisms m the blood is therefore o t « 
in diagnosis. The great majority of workers entirely failed to substantiate v ' c , . c( 
findings, which w ere almost certainly duo to gross errors m technique. The « m p 
was critically reviewed by G. S. Wilson (1933). Sec also Report (193oc). 

Serological Methods in Diagnosis.— Serological methods of diagnosis iiren ' “ 
enbed in earlier editions of this book but, as they arc no longer in v0 | 
they have no special academic interest, there is no “ r , 

than merely refer to them here (sec 3rd edition 1946, V 1323). The < & 
test was unreliable The complement-fixation lest, though positn c ■ • £ ojM 

of established cases of pulmonary and non-pulmonary tuherc . doullt . 
negative in the early stages of the disease when diagnosis w 
The precipitin test was found to he of little or no practical he p. 
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jcccs and urine . Respirator)’ movements may continue briefly after the heart 
lias c eased toflc at. On autopsy the pulmonary dilatation found in the guinea 
pig is absent mid the most conspicuous and characteristic feature is the 
extreme dilatatio n of_thc_ right side of the h eart. The immediate cause of 
death is heart failure resulting irom constriction of the branches of the 
pulmonary artery and consequent dilatation. 

The Dog. Anaphylactic shock in the dog occurs in two stages. The first 
is characterized by restlessness, the anim al vomits and passes urine and feces, 
and collapse s with signs of extreme muscular w eakness mid rcsp irat ionjs 
jabore d. 1 he blood pressure falls rapidly as a consequence of c apillan- 
dilatati on and "s tasis' in tlic" tissue s"In non-fatal shock recovery from this 
stage is rapid, butirTTafaTTIiocK the weakness is progressi ve, vomiting ap d 
diarrhea continu e, convulsions may occur and the animal becomes comatose 
a nd die s. On autopsy the outstanding feature is the congestion of the viscera 
andtnc pronounced distention and congestion of the liver, which is a con- 
sequence of constriction of the hepatic veins and injury to the liver cells 
resulting in edema from the transudation of fluid. 

In addition to the characteristic phenomena noted above, anaphylactic 
shock also lias common features which may be more or Jess pronounced in 
different animal species. Fall in body temperature is usual and leucopcnia 
occurs which results from aggregation of leucocytes in the capillaries. Coagu- 
lation time of the blood is increased, usually most marked in the dog, as a 
result of the liberation of heparin rather than direct interference with the 
clotting mechanism, and serum complement is reduced. Congestion and 
hemorrhage of the gastro-intcstinal tract arc common postmortem features 
-Local Anaphylaxis . Local occurrence of anaphylaxis was observed by 
Arthus in 1903 and is called the Arthus phenomenon. If rabbits are injected 
repeatedly with ant igen such as horse serum , n lnr ill r pn(-tl ' Qn appears jyhlffl 
becomes more and more intense as the inocu latio ns arc re peated. Tbe site o 
inoculation first shows a transient swcl h'mi.hutJateL rhc ..sweIling-arid-cdeJP3 
persist < and progress to i nduration and localized necros is. The local pie 
nomenon is a "result of a general sensitization since later inoculations nee 
not be in the same site as earlier ones. The Arthus phenomenon appears to 
be confined to the rabbit among experimental animals, or at feast is ten 
difficult to produce in other animals, but occurs with some frequency m 
man, as in protracted serum therapy with successive intramuscular mocu a 
tions of antiserum, or in prolonged series of inoculations as in t e ear ie 


Pasteur treatment for rabies. _ . . r 

Passive Anaphylaxis. Anaphylactic hypersensitivity is passively rans . , 
able from sensitized female guinea pigs to offspring, and by mocu a ' 
serum from either sensitized or immunized animals. It can be pr u 
a high degree of consistency by i noculati o n of .guinea pigs _ wvt ---r*: 
r abbit s erum , and in general the sensitizing effect is proportjona 
precipitin content of the antiserum. The recipient is not imme ia 
tized following the injection of antiserum and usually, thoug h no i * 
a period of some hours elapses before sensitivity appears. an ® tfJf _ 
jected first, followed by the inoculation of antiserum, TCV , 
aphylaxts occurs, also usually some hours after the inocu a i 
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nnToT'nn 0 / J ° 8 tU ’f rCU,0,1 7 ati ° nts investigated by Furcolow, Hc«ll alld Mson 
(191-), 90‘G per cent, reacted to 0 0001 mgm. or less of a particular batch of PPD 
and some reacted even to 0 000000001 mgm. On the other hand, it was found 
that patients who were seriously ill, who had a short history or the pneumonic 
form of disease, and who were apparently resisting badly, had a lower decree of 
sensitivity. In confirmation of this last observation, Woodruff (1948) found that, 
in pulmonary tulwrculosis patients, the number of organisms in the Bputum varied 
inversely with the degree of sensitivity to tuberculin. Turner (1933), who followed 
up 191 treated cases of pulmonary tuberculosis, oWrvcd that relapse w as commonest 
among those with the highest and those with the lowest degree of allergy. 

It may be noted that in childhood a positive reaction may become negative 
with complete healing of the lesion, though the frequency with which this occurs 
is not known (see Lloyd and Maepherson 1933, Opie 1935, Zacks and SartweU 
1912). Dahlstrom’s (1910) conclusion, however, that a high proportion of we3k 
reactors in children become negative with the passage of years is very question- 
able ; it has been criticized on the ground that the dilution of tuberculin he used 
was so low that many of the reactions lie obtained were probably non-specific 
(Furcolow cl al. 1911). Most observers would agree with Hardy's (1916) con- 
clusion that tuberculin sensitivity tends to persist for a long time, even in the 
absence of reinfection. The allergic condition is often maintained by the per- 
sistence of tubercle bacilli in quiescent or healed lesions. According to Opie and 
Aronson (1927) tubercle bacilli are frequently detectable by guinea-pig inoculation 
even in apparently normal lung tissue, though both Feldman and Baggenstoss(1938, 
1939) and Saenz and Canctti (1938) doubt this. Howe (1938) has recorded rapid 
variations m the sensitivity of both tuberculous and non-tuberculous persons to 
tuberculins, associated to some extent with changes in blood pressure. It 13 
generally assumed that a positive tuberculin reaction precedes or accompanies 
the appearance of recognizablo lesions by X-ray examination, but Levine (1939J 
brought evidence to show that in infants under one year of age the reverse sequence 
may be noted. This may perhaps be due to the poorer antibody response in eary 
infancy than in later years. The comparative liability of tuberculin-positive 8n 
tubcrculin-negativc reactors to develop pulmonary tuberculosis will be consider^ 
later (pp. 1522-5). 

A delayed tuberculin reaction was described by Daniels (1943), developing sc,c ” 
weeks or months after the intrndemial injection of old tuberculin It is rega e as 
indication that the person has become infected with tuberculosis sc no time & ter ® ^ 
The reaction is apparently due to the persistence of tuberculin in the skin. * [on 
pretation is correct, the delayed reaction may serve as a useful indicator of primary in 

Animal Inoculation Tests in Diagnosis. — The most delicate test for tuberc^ 
bacilli is animal injection, and the most suitablo animal is the guinea pig- . 
susceptibility of the guinea-pig is extremely high ; even minute amoun s o 
material will render this animal tuberculous. The material— sputum, p> ^ 
etc.— should be injected subcutaneously or intramuscularly mto e 
advantage of intramuscular injection is that the local abscess w c , q ca$e 
not ulcerate through the skin. It is wise to inject at least two a ^ ter t t e 
one dies of secondary infection— an occurrence which is very com aD d 

inoculation of urine or faces. One animal should be kille we eks 

if no signs of tuberculosis are apparent, the other should be kep 
after inoculation before being killed. 
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Function of Haptettes in Anap 1 1 ' r * ‘ * 1 ' ' 

reaction may be, and probably — 

general sensitization can be accor "" “ 

few instances simple compounds, including arsphenamine, picryl chloride 
and 2, 4-dinitrochlorobenzene, have been shown to sensitize guinea pigs and 
sensitization to arsphenamine has been observed in man. Haptenes will 
usually not elicit shock, though some of the larger molecules such as azo 
dyes will do so, but the inoculation of haptene specifically prevents shock^b y 
inoculation of the complete antigen The role of haptenes m specificity is 
further shown by the use oF conjugated antigens containing the garqc 
haptene but different prot> ' •* __ __ ugated 

glo bulin can be shocked \ ™ , ™* 

Anaphylactic Shock in " . egomg 

discussion that the occurrence common to anaphylactic shock in different ani- 
mals is a contraction of the smooth muscle, predominantly in the bronchioles 
m the guinea pig, m the pulmonary artery in the rabbit, and in the hepatic 
veins in the dog, and i n all three the gjstro intestinal tract is af fected. It is, then, 
_of > considefjblt * . ' ' ~~ * ' IT 

abrupt contrac _ 1 

by Schultz in ' " !' 1 

with uterine f 

ntqttc. The utenne strip is suspended in a bath of Ringer's solution with 
one end tied fast and the other attached to a kymograph, and the contrac- 
tions arc recorded when antigen is added to the bath. The reaction is ex- 
quisitely sensitive, a sensitized strip giving typical contraction in final 
dilutions of horse scrum antigen as high as 1:1000 million, and sharply 
specific. All of the essential features of anaphylaxis may be reproduced in 
vitro by this method, including actnc or passive sensitization of the uterine 
strip in vtvo, passive sensitization in vitro, specific desensitization, etc. It 
is significant too that uterine hom from immunized as well as sensitized 
guinea pigs will respond to antigen with shock. 

Mechanism of Anaphylactic Shock. It will be clear that anaphylaxis rests 
on an immunological basis and that shock is the result of an antigen -nntihody 
reaction Tli ere is good reason to bclie\c that the union is one of antige n 
with in tra cellular or sessile antibody. For instance, as just indicated, sensi- 
tization and shock may be produced in isolated tissue, and the incubation 
period in passive sensitization is regarded as necessary for the taking up of 
inoculated antibody by the cells Dcsensitization consists of saturating, or 
nearly saturating, sessile antibody, and the protective effect of immunity is a 
prevention of jntigen reaching intracellular antibody by union with scrum 
antilxxly. While by no means final, these interpretations are generallj 
accepted. The means by which shock is produced through antigen-antibody 
union is not so clear and two general theories have been proposed. 

One of these is th e qitarlijjatoyin theory w hich is based on the occurrence 
of anaphylactoid reactions produced by tlic inoculation of normal ser um 
made to\ic_b y .treat ment with kaolin, starch and othe r s imilar 'adsorbing 
a geni s. On inoculation such unified sera give a reaction which is clo sely 
similar to, but not identical with, anaphylactic shock. Furthcrmorir pcpton c 
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Mihcutanc-ously into the opposite thigh with a pure culture of tubercle bacilli the 
slight local lesion heals rapidly, but no nodule forms. Instead, on the 1st or 
2nd day after inoculation, a circular dark-coloured area of induration, about l to 
1 cm. in diameter, appears at the site of injection. The next day the skin over 
this ecchymotic area undergoes necrosis ; and later it is thrown off leaving a 
shallow ulcer, which heals quickly; the focal lymphatic glands remain “un- 
affected. This reaction was first observed by Koch (1891a), and is known as 
Koch’s phenomenon. '■'For its success three conditions are necessary (Lowenstem 
1913) . (1) the primary infection must be a slight one, so that the disease runs a 
chronic course ; (2) the rc-infecting dose must he given as late as possible after 
the sensitizing dose ; the longer the animal has been infected the higher is its 
resistance ; (3) the rc-infecting dose must not be too large. 

It is clear that the reaction of a tuberculous guinea-pig to a fresh infection^ 
is different from that of a normal guinea-pig to a primary infection. Some experi- 
ments conducted by Debre and Bonnet (1922) will make this clearer. 


A. One group of guinea-pigs was injoctcd with 0-1 nigin. of tubercle bacilli every 
day for 6 days. Result . — Five nodules appeared, identical in their period of incubation 
(S to 10 days), in their evolution, and in their accompanying glandular reaction. B. Another 
group of guinea-pigs was injected with 0 1 mgm. of tlibcrcio bacilli every 5 days on fiv» 
successive occasions. Result . — Tho first two nodules and their accompanying glandulr 
reaction were identical with those in Series A. Tho third nodule appeared after a short 
incubation period than the first two, was much smaller — the size of a lentil instead of 
nut — did not ulcerate, and caused only a slight glandular swelling. The fourth and fill 
nodules were identical with tho third. C. Another group of guinea-pigs was injected wit 
0-1 mgm. of tubercle bacilli every 10 days on five successive occasions. Result —The fin 
nodule and its accompanying glandular reaction wero similar to those in Series A. Th 
second and third nodules resembled tho 3rd, 4th, and 5th nodules of Series B. The fourt 
nodule produced either a typical Koch’s phenomenon, or rapid abscess formation follow 
by cicatrization, without any glandular enlargement. The fifth nodule constantly provo e< 
tho typical eschar described by Koch. With these particular doses, it will be sre“ * 
Koch’s phenomenon did not appear till about 6 weeks after the first injection. ® 
lesson to be learnt from this experiment is that the “ clinical ” supermfection of a “ , 
culous guinea-pig is impracticable after the appearance of the local abscess. Before e 
lesion has appeared tbo animal reacts to a fresh infection just as a normal animal ; u ^ 
the local lesion duo to the first injection has developed — generally in 8 to 1 

lesions produced by subsequent Injections become less and less, till after 6 wee s 0 ^ 

injected organisms call forth an acute reaction, quite unlike the chronic process 
follows a primary infection. 


These observations are similar to those made on expen nental sjpu ^ 
have shown that it is possible to produce in the ape a sen 's of c ancrcs, ^ 
as the second injections are made before the appearance of the primary 
once the primary chancre has appeared, further inoculation o syp 1 1 * . 

fails to produce a fresh chancre. The guinea-pig that has developc a tJr 

culous lesion, or the ape that has developed a primary chancre, rea 
, . -i i As we noted m Chapter 51, tttf _ 


from a normal animal to a fresh infection, as we ameu ~"“ r 7' " ' ce n iorc 
culous guinea-pig is in fact hypersensitive ; and, so to i spea j is i • 
sensitive and more resistant to the infective material s [ n . w sufficiently 
Whether the immunity is only a symptom-immunity, or wiie wcond 

higli to prevent the actual invasion of the organisms a ie - 
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shocks produced by the inoculation of peptone, is also very similar. The 



accepted. 

The other theory, which has gained wide acceptance, rests on the assump- 
tion that the intracellular union of antigen and antibody results in th e 
libcra ti^rLflCii^tanunp- 1 here is fl good deni of indirect evidence in~suppnrt 
of the role of histamine in anaphylactic shock. For example, the reaction pro - 
cured by t he -i no culatio n -o f - h istamine is indistinguishable from ananhvlactic 


shock. There is no reason to believe that antibody is fixed primarily or even 
predominantly in smooth muscle cells, but there is a high correlation between 
histamine sensitivity and the cells concerned in anaphylactic shock. Further- 
more, the .tissues affected in anaphylactic shock are those that show the 
highest content ot histamine; “ there Ts some evidence which suggests that 
leucocytes are a soufee of histamine and , as indicated above, they aggregat e 
in affected tissues in shock . In addition many, though not all, substances 
showing antihistamine activity appreciably or markedly jiodify anaphylactic 
shoc k: of "these epinephrine and ephedrine are among the most effective On 
the whole, it seems probable that histamine plays an important part in 
anaphylactic shock, and there is some evidence that choline or acetylcholine 
may have some minor significance. However, the basic question, in \vh3t 
manner histamine is liberated as a conse.qucnce of the union of antigen with 
sessile antibody, still remains unanswered. 

Scrum Sickness. The inoculation_of_jpan with a ntiscniIT | .- usu i?Plft22? 
t he horse„ produccs in some persons a characteristic syndrome termed jerum 
sicknes s. The symptoms include rash , often urticarial in nature. fgygriJ2S. n * 
pains, some edem a, and s welling of the lymph glands^ regional to the site o 
inoculation, in combinations and emphasis that are variable from one in 1 - 
vidual to anotherTThis reaction is to beTlistinguished from the febrile an 
local reactions commonly following the inoculation of foreign protein an is 
most commonly attributable to a hypersensitivity to horse serum irrespective 
of its antibody content, though essentially similar reactions may be pro uce 
following the inoculation of toxoids, vaccines, etc., as a consequence o ype^ 
sensitivity to constituent antigen. The incubation period may be as s or a 
two hours or as long as twenty-four days, and most often is eight to tv,e ' 
days. The reaction may follow initial inoculation of horse serum, u m 
frequently there is a history of prior inoculation. It is specifically anta 8° 
by epinephrine, ephedrine, etc., and, like anaphylactic shock, is piesu 
a consequence of the sudden liberation of histamine in toxic amoun s. 

The hypersensitive individual gives an immediate reaction, i.e., PP ^ 
within ten to twenty minutes, to the intradermal inoculation o • ■ 

1 :10 dilution of horse serum (a similar test for sensitivity o P 
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iK-.tr-fd will, t ti«* inteniiition.il standard (-... rh.*pi« r J3). HrM <1, htm< of 
t{ "' prepatat ion* are itijetiid intr.irutmu oudy into reniitiad 

guinea pigs rtf. Ohell him) |»,tri*|i I'arHi Itcvj). 

Thii method. origin illy dc« nix'll l.y It AniT ( IW W), cmisti in hiooihtinz t|„. tuWraha 
into tin* ninm.irn flank, tnmy a* I- or 10 inpvtimn ran f„< mvl* on tlx d^piIatM Ain 
of tlx Mine nnimil. Twenty. f<mr hour, afur inj-xtinn n Urg* pq,,,!.. u *„}, , 
ha morthagio iwvfuljr 0 "M tro- tie* so c.tl/,-1 .wLa.fr reaction. *JV reaction rractei it, 
height after 4H hour*, and Ittrf ixcnm* l*'con>**s more nirfait. Slight infiltration ind 
•writing cannot l«e irgird.d ax positive. ItOnirr’* t,it Ji podihe aVxit 3 «ccb iftcr 
Infection. Dilutions of tlie tuberculin to )** tested am rompiml »»|? f tlx itan-iani tolcr 
. ulm. nil*! the n bitlvr j«.‘. n, o-n of tlx tw,» |.r,«|n. t« ,]. terminal. A rn.ite n fined md.d 
14 (livuU'l li> l^ing. Mi!. ^ amt I’.rry 


T ul»<*t( iilo {Tot, -in prep tr.it mns tnu) Im* »t.ttidardiml against old tnlxreitlm, 
cither by the guinea pig method «>r l»y making titration* on hum-in stibjuH 
(-ee Li('hten>tem I Ml, Ap|»*l rf nl, lf*3l, H.irmnll un<l Dullard 11*31, Aron** m 1531, 
I<ung IMI. Long rt at lb'll); or ngain-t the int.rintion.il standard PIU) 

(Mammalian) 


Tlie Reaction to Tuberculin. -K«**h found that 2 ml. of old ttilxmihn in^ctcd 
subcutaneously into n tionuat guinea-pig hail very little effect ott it ; but tt# 
injection of n4 small n quantity ns 001 ml. into n tulxrctilous guinea -pig— infected 
8 to 10 week* previously killed it within n few hours. /’a« f rmrtrtn, the local 
lesion nt the site of the tuberculin injection was very congested, and often dark or 
almost violet m colour , the focal glands were nbo very congested ; the liver and 
spleen, lio'ides their tuberruhms lesions, showed on the surface numerous puncti- 
forrn dark red spots looking like «*rrhyino*.-s, but which microscopically were found 
to consist of enormously distended capillaries in the neighlmurhond of tlie tuber* 
cuhms foci, fill'll with ml blood Corpuscles. Th.it is to <-iy, the effect of the tul<f* 
ctilin won to produce ( 1 } n local lesion, at the site of injection ; (2) a focal legion, 
around the tuberrles in the tissues , and (3) a constitutional reaction, terminating 
in death («ce nbo j>. 1321*). 

Analogous observations were made on man. A new -bom infant, whic 
never cotno into contact with tulxrculosis, can withstand the injection of » • 
.d old tulxTculm. A healthy adult, who has l>con infected, but who is not su . er ^ 
from clinical tuberculosis, ran withstand the injection of about 001 mi. wit ^ 
suffering from more tlinn transient malaise and slight pain* in tlie hm <*• ^ ^ 
the same quantity injected into a clinically tulxrculous r trent give 5 ^ n(r3 
severe reaction, characterized by malaise, pains in the limb’, coup , FF ' 
rigor, vomiting, nml n high fever ; the temperature logins to rise a iau ^ 
after the injection, reaches n maximum of 102’ to 101“ I* ., wnd I’ a ^ s ° im atorv 
to lb hours. As in the guinea-pig, the reaction b (U local— an in 
reaction occurs at the site of injection (5(icArraJ/i<»i) : (2) focal— acu e 
occurs nround tulxrculous foci ; this can lx actually observed in upu I* 
an injection causes ml ness and swelling of the lesion, lasting or oor$ 

followed by the formation of crusts of dried exuded serum, w due i r0 P cr ;^i 

weeks leaving a clean red scar : (3) a constitutional reaction, a rc* - 

The tuberculin reaction can bo obtained not only in nminn s “ * 

with the tubercle bacillus, but also in animals that have liccn mj . n * ton eal 
tubercle bacilli, llnstn (lblf.), lor example, w-ns able by tuc 
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toxoid is the Moloney test, p. 618), or the instillation of a drop of horse 
scrum in the conjunctival sac. In the first instance an irregular wheal sur- 
rounded by an erythematous zone constitutes a positive reaction, and in the 
second a diffuse conjunctivitis appears in the hypersensitive individual. 
Dcsensitization may be effected by the inoculation oF very small amounts of 
serum, usually doubled in successive inoculations, over a period of time; the 
inoculations may be given at intervals of fifteen to twenty minutes because 
of the rapidity with which the reaction occurs. 

The question may be raised as to why scrum sickness rather than an 
aphylactic shock occurs in the hypersensitive individual. In general there 
seems to be little tendency in man to generalized shock in this and other 
manifestations of hypersensitivity and, as in dogs and monkeys, there is a 
tendency to localization of the manifestations of the reaction to the respira 
tory tract, the gastro-mtestinal tract and the skin, A number of instances of 
typical anaphylactic shock have been reported in man though it is rare, and 
when generalized shock occurs it is often fatal. 

Allergy. Serum sickness is perhaps best regarded as a form of anaphylaxis 
in man, but only a small part of the manifestations of hvpcrscnsieivity arc 
those of serum sickness, and the remainder may be grouped under the gen 
eral head of allergy Like anaphylactic shock, an allergic reaction is_a consq - 
nf nninn of .intieen with sessile antibody. Thc.antigen is often 
Wesfonnfori nttrrfrn and t he corresixjnding antibody reagiu because it was 
thought earlier that they dilfcrcd from antigen and antibody. It is now gen 
crally recognized that there arc no essential differences but the terms persist 
even though a number of workers have urged that they be dropped. 

There are a number of differences between anaphylaxis and allergy which 
are rather of degree than of kind, but winch m the aggregate tend to djs 
tingutsh them. Thus, allerg) is fAaturally acquired while anaphylaxis is arti - 
fici ally pro duced, allerg) is often a I r — r~ \ > 

while anaphjlaxis is only rarely so, r _ / iit ^ 

~ ■ ■ - ■ . . ' . 1 -r '■ - 

..... . ■ muscle contraction a 


f ■ nhcritancc of a pre 

disposition to at least some forms of allergy is an important, perhaps often a 
determining, factor. The constitutional factor is a predisposition only and 
ifintnt t with the antigen i s essent ial to the development of the alle rgic state. 
Inheritance in man is Irequenilv diihcult to demonstrate, but detailed studies 
on familial association have made it high]) probable that predisposition to 
allergic hvpersensitivitv is genetically determined. It has been suggested 1 "* 
that the predisposition is determined by a pair of allelomorphic genes. II 
determining non allergy and h allergy. The possible genotypes are III! or 
pure normal, hh determining allergy which develops before puberty, and 
llh the normil transmitter in which allcrgv may develop after pubertv. In 
loulirm itmij of observations on min. the inbcntancc of prcdijpwtion t«» 
** NVicorr, Zirtc and frin Ann rugrnics, 1934,7.141. 



1522 


TUmiltOULOSIS 


Sensitivity to liibcrculo-protein appears to differ in other nays from that doe to tulcr 
culm. Tlius, guinea-pigs sensitised to tuborculo-protein ore not immune (Seibert 19331 
whereas some degree of immunity invariably accompanies sensitivity to tuberculin 
Moreover, by tissuo culture it can bo shown that in tuberculin sensitivity the body cells 
are injured when brought into contact mill tuberculin (Rich and Lewis 1927-8, Aronson 
1031), whereas there is so far no evidence to show that tuberculo-protein is harmful to the 
cells of non-tuberculous animals. It may be noted that Brahic and Veyron (1939) found 
a striking parallelism in man between the reaction to tuberculin injected into the shin 
and that to histamine (see p 1310). Patients giving a strong tuberculin reaction likewise 
reacted strongly to histamine, and those with a »eak tuberculin reaction gace only a 
feeble histamine reaction. 

These observations are consistent with the view that the type of antibody associated 
with tuberculin sensitivity differs from that associated with anaphylaxis. The tuberculin 
type of antibody is apparently bo strongly fixed to the cells that its presence in the circula- 
tion, if it does occur, is almost impossible to demonstrate. On the other hand, the type 
of antibody associated with anaphylaxis is the usual precipitin type of antibody. (See 
Chapter 51.) 


The Relation between Allergy and Immunity 

Of recent years, owing partly to the observations of Heimbeck and his Scandi- 
navian colleagues on the development of tuberculosis in nurses and students, and 
partly to the observations on animals of Rich and his colleagues in the United 
States, the relation between allergy and immunity has been under active discussion. 
Two opposing views have been expressed, each based on circumstantial evidence. 
It must be our endeavour to present the two sides of the case as fairly as we can. 

In the first place we must define our terras, because some confusion ha3 arisen 
from lack of clarity in this respect. Rich, for example, defines allergy and immunity 
mainly in terms of results. If allergy is defined as a state in which the tissues 
are damaged and immunity as a state in which they are protected, then clearly 
allergy must be bad and immunity good. In so far as bacteriology is concerne , 
we would rather define allergy as a condition which may develop as the result o 
introducing bacteria or their products into the body, and which manifests itse 
as a heightened or accelerated inflammatory response towards a particular type 
of antigen or other related substance, irrespective of the balance of harm or ene 
that the altered response confers on the allergic host. Acquired bacterial immuni y 
may be defined, for our purpose, as a state of resistance of the host, par ia 
complete, specific or non-specific, towards a given bacterium or its products, 
problem is to determine whether allergy, as just defined, pUys any part in 
resistance of the host to tuberculosis. 

Observations on Human Beings. — Stimulated by Schcel’s observations^ 

’ nurse 


i at the 


UDServauous uu xiuiuau xjcuigs. — omuuianu , . winner 

UUevaal Communal Hospital at Oslo on the frequency of tuberculosis in pro 
nurses, Heimbeck (1927, 1932, 1933, 1936) tested with tuberculin every & 
entering the hospital. The training course lasted three years and * J , ed t0 
period of service in the tuberculosis wards. Of 905 probationers tests 

the von Pirquet test, 625 gave a positive and 280 a negative reaction. ^ 
were begun on January 1st, 1921, and up to the time of publication in t ^ 

the initially tuberculin-positive and 96 of the initially tubercu n~ g ^ 

are said to have developed tuberculosis; in the former group no » a3 

latter group 10, died. Thus the incidence of tuberculosis was about 
hi<*h in the negative as in the positive group. 
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sensitization has also been shown in experimental animals . 30 The significance 
of heredity in allergy has been said to distinguish this form of hypersensitiv- 
ity from anaphylaxis but it is not clear that this is a basts of distinction. 

Forms of Allergy. The allergic state is manifested in a variety of forms 
which are determined by _two interrelated factors, the portal of entry of th e 
antigen and t he tissue p redo minantly attecicd. usually referred to a s the 
shock o rgan. Thus the antigen may be inhaled, ingested, injected or may 
simply make contact with the skin. The tissues affected ate those of the 
upper respiratory tract, the gastro-intestinal tract and the skin. These com- 
binations give rise to a number of commonly occurring, well-defined clinical 
types, viz.: 

Hay Fever. This is a seasonal allergy p roducer 1 1 ■’ ’ ’ 1 ** r - f - **•“ 


' * ial hay 

fever is a result of hypersensitivity to animal danders, oms root (a constituent of many 
cosmetics) and house dust. The mucous m embranes of the upper respirat ory tratu arc 
a ffected prim arily. ' ' ' 

Asthma. Essentially the same inhaled antigens are responsible for asthma as for hav 
fever and in addition book bindings, straw and similar materials are sometimes involved. 
rT " ' 1 ' ' ' * • ■ 1 •- f ■' D -f the iintvr teswta- 


■ “ the smaller bron- 

so result from the 
• * “ noted that asthma 

is a symptom complex and not* always allergic in etiology’. 

Dermatitis. Dermatitis of allergtc etiology may result from contact with the antigenic 

* - * t — T 1 - - r .c frequently referred to 

' * ' ‘ from repeated contact 

Ingested antigen not 

* ' " ’ i-lnfrctious eczema in 


periods of time, and is the most common lesion. In angioneurotic edema, or S iai “ 
edema is much more pronounced and the lesions are large pale swellings iv ic 
areas such as the eyelids, lips and genitals Hives and this edematous Kind o esm 
frequently found together and most often result from hypersensitivity to ingeste 
jected antigen, t.e., foods and drugs. 

The foregoing clinical types are characterized by the symptom C 0 ' 71 P^‘ 
produced, but types of allergy may also be differentiated on the basis o 
and portal of entry of antigen, vrz.: 


I> . ■ I • 

drug, in the first instance the symptoms are those of t he aiicigii^-^^ 

30 Chase Jour. Exp Med., 1941, 73*711, Jacobs, Kelley and Sommers: 
Biol. Med., 1941, 48 639. 


— 1 „ 
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tuberculosis 


endemic. On arrival at the mine, they were submitted to a cursory physical exam- 
illation m order to eliminate those with obvious disease, and were tested into,, 
dermally with 0-1 ml. of a 1/5000 dilution of old tuberculin. Their afteMustor, 
is summarized in Table 101. 3 


TABLE 101 


SnowiNO Proportion op Positive and Negative Reactors to 1/6000 Tgbe&ottliij 
developing Clinical Toberculosis. (S. African gold miners.) 


Type of Reaction. 

Number. 

No. developing 

Tuberculosis 

Incidence of Tuber- 
culosis per 100,000 

(o) Negativo 

32,864 

114 


(h) Weakly or moderately positive . 

57,236 

391 


(c) Strongly positive 

3,879 

60 


(b and c) Positive 

61,115 

451 

738 


It will be seen that the incidence of tuberculosis was more than twice as high 
in tbe positive as in the negative reactors, and that the stronger the reaction was 
to tuberculin, the greater was the liability to clinical tuberculosis. 

Before concluding that these figures are in direct contradiction to those of 
Heimbeck, it is important to realize that the two populations concerned differed 
in several respects. Heimbeck’s nurses had been physically examined before being 
enrolled as probationers and all those with a history or with symptoms of tuber- 
culosis had been excluded. The South African “ boys ” had undergone a much less 
rigorous inspection. As a result, probably a number of the positive reactors were 
suffering from latent active lesions, which progressed under the severe physical 
exercise in the mines to manifest pulmonary tuberculosis. This interpretation is 
borne out by the fact that one-third of the strongly positive reactors broke down 
within three months of their admission to the mines. It may be noted that, 
though the incidence of tuberculosis was higher in the positive than in the negative 
group of Rand labourers, the severity of the disease and the case-fatality 
were both considerably greater among the initially negative reactors. The lesions 
showed little or no tendency to fibrosis, and the disease became rapidly generalize , 
whereas in the positive reactors fibrosis occurred and the lesions often remain® 
confined to the lungs. Thus, in 24 per cent, of tuberculous ca3es in the negative 
group the disease ran a septicemic course, as opposed to 4 per cent, in the strong y» 
and 5 per cent, in the moderately or weakly, positive tuberculin reactors. 


Further discrepant observations may be mentioned, Myers and Harrington ( 

In the United States found that children who were tuberculin-positive white a 
developed tuberculosis during the next 10 or 12 years far more frequent y n ^ 
tuberculin- negative classmates. Similar findings were recorded by Pope, bar we 
Zacks (1939). Yet Zacks and SartweU (1942) found that in a school for the 
the proportion of non -reactors who developed tuberculosis during a P®“° 0 , ,. at j n 
was 4 times as great as that of initially positive reactors. Levine (1941) [ ° u uc j 
children under 6 years of age the fatality rate following exogenous infecj ' ^nsly 
the same in those who were previously tuberculin-positive as in those w Jjbseque^ 
tuberculin -negative, suggesting that sensitization of the tissues did no r followed 

infection either more or less dangerous. Finally, Badger and Ayva ( ' ftaI an< J 

up for 5-15 years 745 nurses who took their training at the Bosto y 
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4 th c.tlme The drugs common!*- 


injected. 1 he most common reactions ar 
less frequent. 

Food Allergy. The ingested antigens include food as nell as drugs and of the latter 


suiting disturbance. 

I'nllcjuuiil-D.ii iili'r AHprgiiM. These antigens arc inhaled and the ssmptoins are al- 
most always those of ins oh intent of the upper respirators tract, most commonh lias feser 
and bronchial asthma somesshat less so 

Xloiilacl A Hero es. This is almost cntirels the conta ct ilcrm.itiMsnr ilctl a bos c and is not 
only an occupational disease but not infrequent!* results frnm cosmetics, the lacquers 
such as nail and hair lacquers, and fxmdirs containing oms root. 

It will be clear from the foregoing that it is difficult if not impossible to gen- 
eralize to a satisfactory degree the various interrelated forms of allergy, and 
the source of the difficult) is that they arc not fundamentally different. Some 
workers divide the clinical allergies into two general groups, atopy ("strang e 
disease ) or atopic alien!) and tton-atnp ic allcry . The atopic allergies includ e 

Vuuu .mu utug aiicigics niaht up me nun atopic gioup me distinction be- 
tween the tvs o is quantitative rather than qualitative and it is doubtful whether 
it is of any real vjliditv, but it does have a certain clinical utility. It was first 
made on the basis of heredm. hereditary predisposition being an important 
factor in atop), and it has even been postulated that in atop) initial contact 
with the antigen is not necessary for the development of the allergic state. 
On the other hand, in the non atopic allergies there is almost always a history 
of contact with the antigen, such as continued exposure to nitrocellulose prod- 
ucts in industry, and the hereditary predisposition seems to lx* of minor im- 
portance There arc other correlated characteristics In atopic allergy the sen- 
sitivity is very high, dcsonMtization is difficult and usual!) only partial at host, 
skin reactions arc marked and specific, and considerable amounts of antibody 
jre demonstrable in the serum In non atopic allcrgv the converse generally 
holds, i.c , sensitivity is lovv.descnsitization is usujlly successful, skin reactions 
arc weak and non specific, and little antibody is demonstrable in the serum. 
These distinctions are. however, purely relative and of no fund imcntjl sig 
mhcancc 

Allergic /Inligcn ami /InliWi. As indicated above, the allergic antigens 
orjllergens ( vimctimcs called atopens in the atopic allergies) are frequently 
non moiem in natu re. 1 lus is most obvious in the ca--e of live drug uliosyn- 
Trasies m which s> nthcnc substances, such as ha rhit urates, antipyrinc and the 
like, arc clearly not contaminated with protein Similarly, the substances re- 
sponsible for contact dertnatiiis such as lacquers are protein free. The more 
complex naturally -occurring allergens such as pillcns, danders and foods arc, 
of course, not protein free hut the active agent in some pollens is of lower 
tnrtleculir weight, jx-rli ij*s 5000. thin the usual antigenic proteins There is 
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Another difficulty is to know whether the liberal daily dosage with tuberculin necessary 
to maintain the desensitization of the guinea-pig’s skin has any immunizing effect. Rich 
assumes that it has not. Experimental evidence, it is true, suggests that injection of 
tuberculin leads to no increase in resistance of the normal animal, but that in eVerak 
animals it sets up a series of focal reactions which may confer on the tissues some degree 
of resistance to the invasion of tubercle bacilli. c 

The work of Lurie (1934) indicates that the destruction of avirulent tubercle bacilli 
which occurs in the interna! organs is greatest when the maximum degree of hyper- 
sensitivity is reached. The observations of Freund and Opie (1938) suggest that, though 
there is no simple relationship between skin sensitivity and resistance to the intravenous 
injection of virulent tubercle bacilli, nevertheless animals that arc moderately allergic 
at the time of infection usually prove most resistant. Our own observations (Wilson el al 
1940) point in the same direction. Thus we found that a moderate degree of allergy in 
vaccinated animals at the time of infection was more beneficial than a low or high degree, 
and that in both normal and vaccinated animals the survival time tended to be more 


or less proportional to the degree of skin sensitivity reached after infection. In this 
connection the observations of Lurie (1938, 1944) are of special interest. Lurie found 
that in genetically resistant rabbits the skin was less permeable to Indian ink, and that 
skin sensitivity to tuberculin was more rapidly established after infection than in genetic- 
ally susceptible animals. In other words, animals capable of developing the greatest 
degree of allergy after infection, and presumably of restricting the invasion of the bacilli, 
tended to have the greatest resistance. The corollary of this, namely that bacilli multiply 
most in the tissues of animals having a very low degree of skin sensitivity, has been reported 
by Woodruff and Kelly (1942). 

Many years ago Krause (1925) and Willis (1925) showed that the dissemination of 
tubercle bacilli from a local cutaneous or subcutaneous infection was very much ricroei 
in the allergic than in the normal animal. The local fixation of tubercle bacilli may 
depend, as Rich appears to believe, on the presence of agglutinating antibodies ; but since 
carbon particles (Lurie 1936) and dye particles (Joyner and Sabin 1938) are similarly 
fixed, it is probable that a non-specific cellular mechanism is at work as well. The observa- 
tions of Freund and Angevine (1938) indicate that tubercle bacilli may multiply at the 
site of fixation, and that the retardation of lymphatic invasion is therefore probably due 
to mechanical factors (see Chapter 47). The mechanism of fixation may be reinforce 
by the presence of specific antibodies, which tend to accumulate at the site of inflammatory 


areas in allergic animals (Menkin 1930, Fox 1936). 

Intimately bound up with local fixation is the accumulation of mononuclear ce a 
the site of infection. Lurie (1939a, 6, 1942) considers the increased phagocytic and des- 
tructive power of these cells to be more closely related to immunity than anyt ,n £ e 
It is manifested both tn vitro and in tiro, and appears to be independent of hum ora an 
bodies (see also Suter 1953). As a corollary to this there is evidence that the 
tubercle bacilli is associated with their rate of growth in these cells (Mac aness, ^ ^ 
and Wells 1954). The mononuclear cells accumulate more rapidly at the oca ® ^ 
infection in vaccinated or tuberculous animals than in normal animals, anc es t J ^ 
ingested tubercle bacilli more quickly. It is interesting to note that the suppres** ^ 
acute inflammation by treatment with tuberculin does not eliminate this increase 
Of the mononuclear phagocytes to destroy tubercle bacilli (Lurie 1945 ]' 0 f t |, e 

All of this evidence is compatible with tbe tbesis that an accelerated P ^ 
tissue cells to the tubercle bacillus or its products is of survival value ie * ^ 
conclusion agrees with that reached by Menkin (1338) m his rc ”' ,v ™ ® uli „ Kcm , to ill 
mation in immunity. The beneficial effect of descmitization a . fn ]j rrg y. Ti- 

to lie not in abolishing allergy, hut in converting a high into a lo» ,„Wrtot™< 
repeated doses of tuberculin set up minor inflammatory reactions ba riUi and to 

focus in the body, and these tend to retard dissemination of t s „. ra , 

prevent the rapid and destructive caseation in tbe internal o g< 
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no doubt that . haptenic .substances can produce th e allergic reaction in a sen- 
sitized individualTat leastinexpenmental anaphylactic shock, but tlie question 
of sensitization is more difficult. High molecular weight non-proteins can act 
as complete antigens; for example, sensitization may be induced by pneumo- 
coccal polysaccharide. It is probable, however, that the relatively simple sub- ' 
stances, such as the arsenicals, do not function as sensitizing antigens in them- 
selves, and it is generally believed that they combine with body protein to 
give a conjugated complete antigen whose specificity is determined by the 
haptene, and which functions as the sensitizing antigen. It is not clear, how- 
ever, whether the shocking antigen is such a conjugated one or whether the 
haptene alone usually produces shock. 

It may be noted here that allergic hypersensitivity to physical stimuli, he at, 
cold and light, may occ ur. Ith unlikely that such stim uli a l ler-hody-prote ins 
*' ,l ‘ ■' ’ ' < and such allergies probably do not have a n 

soluble antigen, or its application as a patch 
on the intact skin, the sensitized individual gives a skin reaction characterized 

readily elicited and more specific in some allergies than in others, and in 
general is not satisfactory in contact dermatitis and some of the food and drug 
allergies. This kind of skin test is to be distinguished from tests like the 
Schick and Dick tests, in which the reaction is produced by diphtheria or scarla- 
tinal toxin and neutralized by circulating antitoxin, and which have no rela- 
tion to hypersensitivity. , 

Antibody is demonstrable in many of the allergies, particularly those grouped 
under the head of atopy. Its presence may be shotvn directly in some instances 
by complement fixation 32 but the usual measure is passive transfer of the 
sensitivity. If a small mnoun t_O.I ml.. oLserum from a sen sitized personas 


sive transfer cannot be made to guinea pigs, but has been ^ a dc to r esu 
monkeys, and it is probable that a close phylogenetic relationship is cssen i • 
This passive transfer was described by Prausnitz and Kustner in ® 
known as the Prausnitz-Kustner reactio n. A reversed passive sensitiza • » > 
analogous to reversed passive anaphylaxis, may be produced } T mocu 
of antigen first, and serum twenty-four hours later. 33 In the u$ua term ‘! 1 , ut ’ 
the antibody which produces passive sensitization is the allergic re3g > 
other antibodies which do not sensitize have also been describe . . 

ment of more than one antibody is, of course, to be expected w icn 
contains a mosaic of specificities. . . - nn c^nuence 

As in the case of anaohvlactic shock, the allergic reaction JS a t t 

of the union < _ . 

histamine or " 1 - 


31 Bronfenbrenner; Jour. Allergy, 1943, / 4:105. 

32 Hcnscl and Sheldon Jour. Lab. Clin. Med., 1941, 26 15 

33 Wright and Hopkins. Jour. Path. Bact., 1941, 53-243. 
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institutional and other treatment for suitable patients ; the segregation of advanced 
cases of open tuberculosis ; the prevention of overcrowding ; the protection of 
infants and children from contact with tuberculous parents and relatives; the 
pasteurization or boiling of all milk except that coming from tubercle-free herds; 
and instruction in personal hygiene and diet (see Discussion 1935, Hart 1937)’ 
Special measures are required to protect nurses, medical students,' and doctors 
against the high risk of infection that practice of their profession entails, and to 
dimmish the inhalation of silica dust by industrial workers. Exposure to massive 
and repeated infection and to unfavourable environmental conditions arc par- 
ticularly to be avoided- A warning should be issued against too rigid an inter- 
pretation of lvoch's phenomenon, according to which it is often assumed that 
tuberculous persons cannot be superinfectcd, regardless of the danger that they 
incur from allergic reactions around existing foci of disease. (For precautions to 
be taken in bacteriological laboratories, see Fish and Spendlove 1950) 

The argument is sometimes advanced that tuberculous milk is not an unmired 
evil. The tubercle bacilli that it contains are presumed to cause mild infections in 
infants and children which serve to protect them against subsequent infection with 
the human bacillus. This argument cannot be too strongly condemned. The 
bovine tubercle bacillus is no less virulent than the human (see Griffith 1925&), 


and many of the infections to which it gives rise are severe and fatal. The argument 
involves the assumption that the exposed population, as a whole, benefits from 
the development of an acquired immunity, and ignores altogether the part already 
played by natural selection in weeding out the least resistant members of the popula- 
tion. Even if it were true, the price to be paid, in terms of lives and suffering, for 
any such advantage is far too high (see p. 1508 and Griffith 19256, Report 1934) H 
acquired immunity is to be developed, let us at least endeavour to produce it in some 
more intelligent way, less fraught with danger of active disease and death. 

Our current attitude towards tuberculosis is open to criticism. We spend large 
sums of money in treating the individual patient, and pay little regard to preventing 
the disease itself Until tuberculosis is acknowledged to be an infections disease 
and treated as such, it is impossible to expect rapid progress to be made in is 
control. There is little doubt that if open cases of tuberculosis could be submit e 
to the same degree of quarantine as were the lepers in the Middle Ages we s ou^ 
eliminate tuberculosis as successfully’ as leprosy’ was eliminated from Europe. *- 
long as patients coughing up tubercle bacilli are allowed to travel in pu * c c 
veymnees, to work m offices, factories, and schools, and to live at home wit jo o 
children, so long will infection continue to be spread and all measures o con 
be condemned to partial failure Many’ students of tuberculosis now recogm^ ’ 
truth. Burnet (1946) in Australia, Frazer (1947) in thj-> country, an ^ 
(1946) in Czechoslovakia have pleaded strongly for mom radical I ° eaS1 f”’ 
the achievements of Myers (1946) and his colleagues m Minneapolis * ^ 

can be done m practice. (For the high inverse correlation between the ^ ® j 
of tuberculous patients and the mortality from tuberculosis, see S * aI y . f tion aS 

The aim should be progressively to dimmish the total amount ot t j, e 


ine aim auuuiu uc fewer 

judged by the tuberculin test. The less infective material there is ^ 

persons who will become infected, and the fewer in turn wi bc up 

open cases of the disease to distribute infection A benign circl ers0D J 

and, as in many other diseases, once the proportion of m ec ^ disappear sp° n ' 
has fallen below a critical minimum, the disease will probably PI* 
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mine antagonists _such as epinephrine a nd ephedriae. and 3 number of syn- 
thetic histamine antagonists such as pynbenzaminc (N'-pyridyl-N'-benzylTs’- 
dimcthylethylcnediamine), benzhydrj 1, benadryl, antergan and the like have 
been of considerable interest in recent years and have some therapeutic promise. 

Hypersensitivity in Infection. Bactenal cell substance may act as a sensi- 
tizing as well as an immunizing agent, and anaphylaxis may be induced with 
bacterial protein though usually with much greater difficulty than with highly 
antigenic proteins such as egg albumin and serum proteins. Sensitization may 
also occur in experimental and naturally acquired infection, but is highly 
variable, being especially prone to occur with some bacteria and not with 
others. 

Of the bacterial allergie s by far the most thoroughly studied is that developed 
to the tubercle bacillus It is demonstrable as a delayed Cone to four da>s) 
local inflammatory skin reaction, the tuberculin reaction, to preparations of 
soluble antigen of the tubercle bacillus known as tuberculin. The tuberculin 
reaction is considered in detail elsewhere (p. 638). This kind of reaction is 
somewhat different from the immediate wheal type of reaction, with respect 
to time of development, the nature of the dermal reaction, and in that it is not 
passively transferable. The generalized response also differs from the immediate 
shock of anaphylaxis, the inoculation of a tuberculous guinea pig with tuber- 
culin in a dose sufficient to kill docs not result in death until after some 
hours, and on autopsy the site of inoculation is congested, focal glands arc 
swollen and congested, and focal reactions occur about tuberculous lesions 
which consist of areas of enormous dilatation of the capillaries This is obvi- 
ously different from fatal anaphylactic shock in the same animal. The nature 
of the antigenic stimulus inducing tulicrculin-likc sensitivity has been shown 
by naffcl 14 to be a protein combined with a wax fraction of the bacilli, the 
protein alone gnlng the usual immune response with the formation of pre- 
ci pi tins. 

I lypcrscnsitivity is the outstanding immunological response to infection with 
a numlxir of other microorganisms, and the skin reactions have been of some 
interest from a diagnostic point of \icw. In brucellosis, for example, a marked 
degree of hyperscnsitiMls is dc\ eloped and a skin reaction, a slightly raised 
edematous area, appears in about six hours after the intradermal inoculation 
of preparations of soluble antigen of Brucella. The preparations base l»ccn 
gisen \anous names such as ntxmin (from Ur. obortiu), mclitin (from Ur. 
tjic/ilcnsu). brucellin and brucellcrgen. Johnin, a preparation of Jobne's 
bacillus, A I) cohort en urn rurcitubrrrtilntii. is used in the diagnosis of Jobne’s 


as a skm reaction following intrademnl inoculation of killed Duercs's bacillus, 
and a Inperscnsitii ity occurs in leprosy which results in a positive skin reaction 
to extracts of leprous tissue termed lepromin. Hjperscnsitmrv to fungi is also 
not uncommon; the mvcid*. (p 69S) nr secondary sterile lesions which occur 
“ JUTrl. Jour. Inf. Du., 194S, S2 267. 
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(Birkhaug 1944, Rosenthal el (tl 1948) or by scarification (Negre and Bretcy M I 
is preferred by some workers. Segregation of infants of tuberculous families U 
recommended both before and after vaccination ; and the vaccine is widely used 
not only for infants, but for tuberculin-negative children, adolescents and voun« 
adults. ; 0 


Though B C.G. vaccination has been used extensively in different countries of 
the world, its value is extremely hard to assess. The main difficulty is that, with 
a few exceptions to be mentioned later, most observers have failed to realize the 
necessity of comparing the vaccinated subjects with a properly selected control 
group as nearly identical as possible in age, sex, colour, social and economic status 
and general environment as the vaccinated group, and treated and followed up in 
exactly the same way over the same period of time (see Wilson 1947). The usual 
practice has been to compare the tuberculosis or general mortality in the vaccinated 
infants with the estimated mortality for non-vaccina ted infants in similar surround- 
ings or in the country as a whole. Such comparisons, as Greenwood (1928), Rosen- 
fold (1928), Wolff (1930tf, b), and Berghaus (1930, 1931) have pointed out, are 
grossly unfair. In the first place no exact figures exist for the mortality in un- 
vaccinated infants brought Up in a tuberculous environment, and the estimates 
that have been made differ enormously. In the second place, the unvaccinated 
infants are not strictly comparable with the vaccinated group, partly because they 
are not kept sheltered from infection during the first 2 months of life, and partly 
because they receive less parental, medical, and nursing attention than those infants 
which, after ’ • ■ '* ^ or 

these reasons, ; * 

that has accumulated on this subject in France and French-speaking country 
would serve no useful purpose, since from a statistical point of view it is practica y 
worthless. 

The realization of these fallacies has now led to the institution by other vor '«» 
of a few experiments in which an attempt has been made to provide a control gr°^P 
with which the vaccinated group can be more strictly compared. It nius 
noted that the difficulties of obtaining an absolutely identical control group 
almost insuperable, and some allowance has therefore got to be made when con 
cting the results. We have already (p. 1523) drawn attention to the 
results recorded by Heimbeck following the vaccination of von Vonlwall 

probationer nurses with B.C G. Similar results were also obtained bj i ^ 
(1944) in Stockholm and Ferguson (1946) in Canada with nurses an ) cor( {ed 
(1935) with medical students We may now briefly consider the resu s rc 
by other workers on the vaccination of infants. 

The early controlled investigations in the United States of Park, defect-'. 

Mishulotv (1933) and of Aronson and Danncnberg (1935) suffered from ' oWa5nf d 
and not too much attention can therefore be paid to the mildly favoura c 


in the vaccinated infants. . of observation 

Rosenthal and his colleagues (1945, 1948) earned out a carcfu 
on infants in Chicago. , Irere varcinstei 

(a) In one series alternate infants born at the Cook County it P f 0 |} 0 *wl up 
by the multiple puncture method during the first few days of lire, intertill pt* 

ate- with the control unvaocinatcd infants. The infants htv< ' l T6 ’ 

of Chicago, but uero not exposed to contact tnth tuberculosis ^ f*'" 

investigation eras continued over a period of ten years, fie 
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The Staphylococci 

• T°j‘. inB, !“ A 1 var ' et y,°f toxlc substances are produced by staphylococci 
mcludmg hemolysins, Ieucocidin, coagulase, fibnnolysin, spreadtag Z2 

to»n R yna S faCt °°’ skln ‘ necr0,iz, ' n S substance, a lethal factor and entero- 

Th ,° py 0 | enic staphylococci are almost invariably /bhemolytic 
on blood plates and produce filterable hemolysins in broth culture, ivhije tbc 
saprophytic forms are less frequently hemolytic. The filterable hemolysins 
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F ! £- 43. Colonies of Staphylococcus aureus on nutrient agar. Twenty-four-hour cul- 
ture, X 3. 


(staphylolysins) are of two types, one lysmg red cells upon incubation (a- 
lysm) and the other C/?-lysin) only after holding in the icebox following pre- 
liminary incubation— the so-called “hot-cold” lysis (p. 207). 

Other Toxins. The ability of many pyogenic staphylococci to coagulate 
citrated plasma, lyse fibrin clots, kill leucocytes and increase the permeability 
of the skin may be shown by appropriate techniques. Sterile filtrates from 
broth cultures produce necrosis upon intradermal injection— the so-called skin- 
necrotizing factor— and almost immediate death when injected intravenously 
into rabbits. Whether these and other effects are due to the activity of separate 
substances or are various manifestations of the activity of a single substance 
is uncertain. It is definitely established that more than one hemolysin is pro* 
duced and that the enterotoxic substance, effective per os and of considerab e 
food-poisoning significance (p- 272), is not identical with the other activities. 
More than one toxic substance is produced, then, but probably some of these 
produce more than one effect. In general, toxin production is a property o 
the pathogenic staphylococci, usually of the aureus variety 
10 Cf. Blair: Bact. Rev., 1937, 3:97. 
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the X-ray films did not know to which group any given subject belonged. The study 
lasted for seven years. The results aro given in Table 103. ^ 


TABLE 103 

E.C.O. Vaccination or North American Indian Ciiildhen and Yorao Accra 
(Aronson and Palmer 1946) 







No or 
Deaths 
from all 
Causrs. 



Group 

, No. of 
Subjects. : 

No. 

Developing 

N.P.T. 

No 

Developing 

P.T. 

Kate per 
1,000 
Person- 

Deaths 
from Tb 


1 



years 1 i 

Vaccinated . 

1,550 | 

3 

14 

20 



Non-vaccinated . 

1,457 j 

19 

49 j 

90 | 

60 1 

28 


1 Cases of pleural effusion and enlarged hilar glands excluded. 

N.P.T. = Non -pulmonary tuberculosis. P.T. = pulmonary tuberculosis. 


It w ill bo noted that the incidence rate of tuberculosis was 4-5 times as high in the 
control as in the vaccinated group, and the number of deaths from tuberculosis 7 tiroes 
as high, 

Against these favourable results must be quoted the experience of Blanch, Blanch, 
and Licutier (1045) in Uruguay. About 50,000 new-born infants living in a highly infec- 
tious environment were vaccinated with BC.G. Of 128 vaccinated children that Mere 
followed up 38 per cent., and of 141 controls 38 per cent., developed tuberculosis as judged 
by clinical and radiographical examination. Tho mortality among the vaccinated was 
7 per cent, and among the controls 5 6 per cent. The authors conclude that B.CG. vac- 
cination is powerless to protect against heavy infection with tubercle bacilli. 

So far ns deductions from such small numbers will allow, these results confirm 
those of Levine and Sackett in New York, and point to the necessity of segregating 
infants for two months or so after vaccination if they are liable to be exposed to 
infection. 

Hyge (1947) describes a small outbreak of tuberculosis that occurred in a girls schoo 
in Denmark, apparently caused by a tuberculous teacher. Nine months previously t e 
children had been tuberculin-tested, and rather over half of the negative reactors 3 
been vaccinated with B.C G. Of 93 unvaccinated children, 40 developed lesions o P° 
monary tuberculosis as judged by .X-ray examination or the presence of tuberce acM 
in stomach washings or both, and 6 required artificial pneumothorax treatment. ® 
107 vaccinated children, 3 developed pulmonary lesions and 2 required treatment y a 
ficial pneumothorax. These differences arc striking. There are, however, a mm) e ^ 
anomalies in the account of this outbreak which suggest caution in accepting e n 
at their face value hserred 

Hyge’s findings are very different from those quoted by Bergqvist (1948), w oo ^ 
tlio development of 18 cases of tuberculosis among 115 students in the Stoc »o ™ ^ 
School who were in contact with an open case of the disease. The dis ri u ^ 
follows: 4 out of 67 (7 per cent.) of tuberculin-positive unvaccinatcd, °r tu b eKU lm- 
per cent.) of tuberculin -positive vaccinated, and 4 out of 14 (29 per cen .) o 
negative persons. Here it is evident that vaccination afforded ktt c or t f,c® 

Two more experiences may be referred to, though we have no s P a ^ e 0 ompare d the 
in detail. Hertzberg (1948), working in the Tuberculosis Chnic at Oslo, 
incidence of tuberculosis, not between a vaccinated and a contro gro > n the w* 
BC.G. vaccinated persons who became infected— as judged by an * n , y n . ne gative 
tensity of their tuberculin reaction — and a group of unvaccinate __ conS idcrabl® 
reactors who became tuberculin-positive. Vaccination appearc 0 c 



Classification 349 

Variation. Like other bacteria, the staphylococci dissociate, and both 
rough and G colonial types have been described. 11 These have not been thor- 
oughly studied, however, and arc not well known. 

Classification. The genus Staphylococcus was formerly one of four which 
made up the family M'tcrococcaccae but the generic name has Iiecn dropped by 
Bcrgcy (1948) in favor of Micrococcus. The staphylococci arc roughly divisible 
into two t)pes, the one designated as aerobic, though the bacteria arc in fact 
facultative anaerobes, and the other which is strictly anaerobic. The common 
species comprising the former group, which is by far the better known, arc 
the pigmented forms Staphylococcus aureus ( Micrococcus pyogenes var. au- 
reus ), which is golden yellow and general!} pathogenic, and Staphylococcus 
citrcus (Micrococcus citrous ), which is lemon } cl low and a saprophyte, to 
gether with the non-pigmented Staphylococcus allnis (Micrococcus pyogenes 


Staphylococcus acrogencs, Staphylococcus asaccharolyticus. Staphylococcus 
anacrobius. Staphylococcus niger and Staphylococcus gngorofft. Tlicsc an- 
aerobic species arc inhabitants of the body cavities, and the first is occasional!) 
the cause of puerperal fever 

Physiological Differentiation. The validity of these species is, however, open 
to serious question. The differentiation of the better known aerobic species 
on the basis of pigment production is of doubtful value, for this characteristic 
is variable. Recently isolated pyogenic cocci forming a rich golden pigment 
lose this property on continued cultivation on artificial media and become 
identical with the allnis variety. j\o biochemical tests serve to sharply differen- 
tiate these bacteria from one another The strains that produce white colonics 
are. as a rule, less active in gelatin liquefaction and fermentative power, and 
hence have been sometimes regarded as weakened relatives of the biochemical I v 
more vigorous golden pigmented tv pcs The allnts strains arc also as a rule onlv 
feebly pathogenic. Dextrose, maltose and glycerol are fermented by nearly all 
aureus strains and bv a consistent!} lower proportion of allnis strains, lactose 
and mannitol bv about four fifths of the aureus and by about one third (man- 
nitol) to two-thirds (lactose) of the allnis strains. 12 In general, the tvpes most 
com monlv isolated from air, dust and other sources outside of the human Ixxlv 
are white staphylococci, while those found associated with pathologic cnndi 
Hons arc aureus strains The general opinion is that the staphylococci form a 
close) v graded series from the pigmented, hcmolvnc. gelatin liquefying, patho- 
genic. attivclv fermenting 'trains to those tint arc implemented, feebly 
pathogenic and less actively hemolvtic. liqucfvmg and fermenting 

Imminiofogrcn/ Different Ml unt Differentiation of the staplivlococci on the 
basis of agglutination reactions has as yet hern unsatisfjetorv. It has been 
shown.'* however, that two immunological tvpes miy I>c differentiated hv pre 

" 1 1.. (I wj.ii ami ^xinum Jour. Inb 1932. 51 2K- Bua.fr. am! OWIrara 

Jour l*Jth Diet, I12T, 3f)2fil,S«ini;!r J»ur Hki. IHi.i'MC 
■rlhi.L-nn an-1 SimpMxi J.xir lh K .l*>27 27 l«i 
“Cf JuWBe ami WW^nl Jour l.xp Med- 19JS. 02 II. 2J. 31. 
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Griffith 1934 35), and sometimes to generalized lesions (van der Hocdeil Wllol- 
‘loaf h m" ,solat , c ^ f ™ m ‘ ho s P utum . “'Ik. intestine, and mesenteric glands (ffolten 
1931 Glover and Gnffith 1934-35, Glover 1941). Pigs suffer from generalized and 
from localized infection with the bovine, and from localized infection with the avian 
and much less often the human type. Nearly all strains isolated from the hor-e 
have been of bovine type ; but they are often atypical and of less than standard 
virulence for calves and rabbits (Griffith 19376). In the dog the human type 
seems to be commoner than the bovine (see Lovell and White 1940) ; bat all 
strains from the cat have proved so far to be of bovine type. Sheep may be infected 
with the bovine or avian type ; in the United States Harshfield, Roderick and 
Hawn (1937) found the avian type in 25 out of 26 cases. Parrots kept as pets 


TABLE 104 


TiPfes of Tubercle Bacilli found in Certain Domesticated and Captive Wild A^nuu 
(Mainly English Investigations.) 


Species of Animal. 

No. of Cases 

Type of Tubercle Bacillus 

Bovine. 

Unman. 

AvUe 

Anthropoid Apes 

6 



6> 

_ 

Lemurs 

2 

— 

2 

— 

MonkeyB 

26 

8 

18* 

— 

Cattle 

62 

60 

1 


Horse 

43 

42 s 

— 

1 

Sheep 

17 

14 

1 


Goat 

13 

13 

— 

— 

Deer 

5 

3 

— 

— 

Gnu . 

3 

2 

1 


Antelope 

3 

3 

— 



258 

183* 

5 1 


Cat 

34 

33 7 

I 


b3m :::::::: 

116 

8 

34 

4 

82 

4 

Guinea-pig 

C 

5 



Ferret 

1 

1 

— 


Parrot 

1 




Fowls, and other birds 

20 






1 Including 1 strain of sub-standard virulence. 

1 Including 1 dysgonic strain. 

3 Including 17 strains of sub-standard virulence. 

* Including 4 cases in which avian, and 1 case in which hunvn*, 
s Including I case in which bovine bacilli were also present. 

8 Including 4 cases in which bovine bacilli were also present 
7 Including I strain of sub-standard virulence. 


bacilli were «l>« P rM,nt 


are usually mfccted with the human type, but those living [in ov m0 .i 

birds may he infected with the avian typo (see Cobbett XJ1 J. 
other birds are infected almost exclusively with the avian ype 0 f cattlc- 
Tuberculosis of Cattle.— Tuberculosis is one of tliy n< Kycriotls « s « ^ o( 
In 1940 it was estimated that 17-18 per cent, of nil cat ' 1945-0). About 

all cows m Great Britain reacted to the tuberculin test (Krtcl. _ fc lain* 

40 per cent, of animals slaughtered in public abattoirs ® tubercle bacilli m 

of tuberculosis, and about 0 5 per cent, of all milch cows . tliron?!' 00 ' 

their milk (Report 1932u, 1931, Savage 1933). The disease common 
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cipitation tests with specific carbohydrates extracted from the microorganisms. 
One of these types, designated type A, is composed for the most part of strains 
isolated from pathogenic sources, while the other, type B, comprises strains 
of non-pathogemc origin. The majority of type A strains ferment mannitol, 
while those of type B do not. 

The Coagalasc Test. The ability of staphylococcus strains to coagulate 
plasma appears to be associated with pathogenicity in that the majority of 
strains isolated from pathologic processes are coaguiase-positive while the sapro- 
phytic strains are usually coagulasc-ncgative. It has been suggested that the 
staphylococci be divided into pathogenic and non -pathogenic types on this 
basis, and in recent years the coagulasc test has been generally used . 14 It has 
been found also that coaguiase-positive strains clump rapidly when mixed with 
fresh human plasma, the CO., -soluble fraction of fibrinogen seems to be the 
most important part of the plasma in effecting immediate clumping. 1 ’’ The 
slide test 11 ’ for dumping, carried out by mixing fresh, undiluted human plasma 
with heavy bacterial suspension, is a simple and rapid means of differentiation 
Pathogenicity for Man. 1 '* Experimental evidence and that of compara- 
tive pathology show that man is more susceptible than the ordinary laboratory 
animals to staphylococcus infection. Garre 17 inoculated himself by rubbing 
a pure culture upon the uninjured skin of the forearm, with the result that 
a series of carbuncles was produced, seventeen scars remaining to testify to 
the success of the experiment. The penetration of the cocci into the deeper 
layers of the intact skin, probably through the sweat ducts or at the base of the 
hair follicles, is a fact of considerable significance. The positive occurrence oE 
such penetration seems well established, and the negative observations of some 
authors may well be referred to differences in the virulence of the strains em- 
ployed or to other experimental discrepancies. 

The demonstration that staphylococci have power under certain circum- 
stances to penetrate the skin, taken together with their practically constant 
presence upon the skin itself, serves to explain the multiplicity of human 
affections with which these microorganisms are found associated. A momen 
tary weakness on the part of the tissues in almost any locality may lead to a 
rapid local invasion, followed by the production of a simple boil or by a more or 
less extensive carbuneular condition. Septicemia and pyemia sometimes resu t 
through the introduction of staphylococci into the lymphatics or the oo 
stream from a local abscess. The initial lesion may be trivial in character. n 1 ^ 
series of 122 cases studied by Skinner and Keefer 18 the case fatality rate wa 
82 per cent. Rapidly fatal bacteremia may occur without metastatic a scessesti 
metastatic abscesses may be produced, or the bacteremia may dear ut c i 
focal abscesses and the infection still be fatal. , , . 

Staphylococci are not only found frequently in all parts of the o y m 
ondary and mixed infections, but they are also primarily responsi ® 
variety of specific pathologic conditions and for injury to particu ar fe 
14 For details see Fisk- Brit. Jour Exp. Path., 1940, 21 3H, Gdlcspie J ^ 2;J9 
Council (Great Britain) Monthly Bull., Emergency Pub. Health Lab. service. 

,s Berger Jour. Path. Bact., 1943, 55 435. , 

111 Cf Cadness Graves, Williams, Harper and Miles Lancet. 

17 Garre. Fortschr. d. Med., 1885, 3-165. 

18 Skinner and Keefer. Arch. Int. Med, 1941, 68.851 
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* rr'^'SSr in ■?« 

examine ike <i| m with a ,„ w «*> <*”>*?■ It is therefore 

rr- ,ons f ° r fiims 'vhiohth^eirmrr''” “ d 

not diagnostic of tuberculosis, but they fl /W T Tb ° clnm P 5 taselr^ a* 

tuhmte bacilli in the fflm . It , vo , ]H “ 5™!“*“'™ ° f «» locality of fi* 


pig method mi not the mfc “ C ’ S '" Ce “ !? ,CSS delicate thsn tte I™*- 


r .v rircWlUU, 1C I 3 SU| 

collected under aseptic conditions. 


it,. cuuuuions. 

volume of 10 j^r cTnt HCUo™ HMS 1 ^ “ nttir “f tim sh ™M be treated with an r?ud 
«— *■-' 0,11 " 15 mu,utM i *»« inoculated on , u itab)e media («. 


vum. 

H otters and Dchmcl 1031). 

avian tubercle bacillu! d'h” h?' ' Dccas! ™ aI detection of lit 

Scroll methods am SlHn tl ^ f ^ “ niraal inra,atil » metW ' 
reported favourably on the value of 11 .? ^ ! atase - GcIraln ™ ter! lwt 
milk wlicy in the diaonod, J l.i ( J c 1 com P , ™cnt-fi ; ration test carried oat on tie 

and MoncVms Ra°u r n „ m fT r C " ,M3 1933 ’ IM5 ' S “”'" 

Paarmann 1936, Kuhtaanu 193 m ‘b Ra "‘ mann Huhnglc 1634, Scholls 1935, 

furnish a reliable index of the 

method T const * tutes tbc mos t generally useful and most delicate 

oTer otl l « f tUl>0rdC bac,lli in «?*• Fresh milk should be used, since 
ha vine a marm ’ 08 ® crtam stre ptococci, may produce substances during growth 

g germicidal action on the tubercle bacillus (Mattick and Hirsch 194G) 


fuced at <{ onn r CI ^ ber mixe d or from individual animals, should be cenfri- 

and thp orlnm at? i i 111,0 utes . after removal of the gravity cream. The sediment 

i ntQ th , - . he mixed, and 3 ml. of the mixture Bhould he injected intramusca 

to lip fro f' , . eacb two amraala, which should previously have been shown 
should fAt-H o 2"***” b -' means °f hbe intradermal tuberculin test. One annual 
fthnulf? Ka i cl c n ^ eeb3 a ^ ter inoculation j if the results are negative, the other an ; W 
tn , 1 ^ C . 11 . ° r weeks. The post-mortem appearances of animals inoculated with 
W* %n\ baCim ha7 f aIread ' V been referred to {p. 612), and it need only be mentioned 
a no animal should be regarded as tuberculous unless characteristic lesions con- 
taining acid-fast bacilli are demonstrated. 

The Tuberculin Test in the Diagnosis o! Cattle Tuberculosis.— This test my b» 
came out in a number of different ways, but each method consists iu ootioS 8 
reaction local or constitutional, to the injection of tuberculin, (a) Intraderml 
test. This consists in injecting tuberculin, or more commonly the Funded P 
Denvatwe (P.P D.), into the skin of the neck {Great Britain) or the caudal 
{ o.A.) and noting the size and nature of the local reaction 3-5 days J&ter 1 
this country the double intradermal test (Report 1925, Buxton and JlscjMtf 
1928) was generally used up to 1947, but it has now been replaced by the «”?* 
injection method. (6) Ophthalmic test. Tuberculin is dropped into the conjunct’*’ 1 
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Many lesions 3nd diseases of the skin base been attributed to staphylococci. 
In the case of some of these it has been claimed that special v arieties or races are 
concerned, but the characters said to distinguish these from the ordinary 
Staphylococcus aureus or aJbtis are not, as a rule, of differential value. 

A considerable majority of all attacks of acute osteomyelitis and periostitis 
are due to staphylococci, which appear to haie a special predilection for the 
tissues of the osseous sjstem 

Suppurative inflammation, in whatever part of the body it may occur, is 
usually associated with the presence of staphylococci cither in pure or mixed 
cultures Sometimes when found in a mixed infection they are doubtless the 
original exciting cause, in other cases they may have armed at the seat of 
trouble only after a primary invasion by some other bacterium. In a given 
instance it may be impossible to determine the precise sequence of events. 

Staphylococcus infection of the lung sometimes occurs, and the resulting 
bronchopneumonia is often fatal. Out of about 800 patients with pneumonia 
treated at the Hospital of the Rockefeller Institute in New York City from 
1913 to 1918, 13 were infected with staph) lococci, and 10 of the 13 died. 
Under certain conditions, as during the 1918 influenza epidemic at Camp 
Jackson, Staphylococcus aureus may play an important part in the pneumonia 
complicating primary infections Chickering and Park 1 '* found that in 49 per 
cent of 312 postmortem lung cultures this microorganism was present cither 
alone (92 cases) or in association w ith other bacteria. Similarly, Caspar" found 
that of 144 fatal cases of pneumonia cultured at autopsy, 38 were caused h> 
staphylococci. In this series about two-thirds of the staphylococcus pneumonias 
occurred in the first decade of life. The presence of staphylococcus in the lungs 
is usually interpreted as a secondary invasion in the train of some primary 
exciting agent. 

Staphylococcus food poisoning has been discussed in a previous chapter 
(Chap *11). 

Bacteriological Diagnosis. The isolation of staph) lococci from path- 
ologic material or from foods suspected in outbreaks of food poisoning is a 
simple matter. Blood agar is the medium of choice since the pathogenic strains 
are usually hemolytic Staphylococcus aureus, and the hemolytic character is 
apparent on this medium. Deamination of gram-stjined smears from golden 
yellow hemolytic colonies will show the characteristic morphology. Colonies 
mav l>e picked for the coaguljsc test (sec nlxne) hut fermentations are not 
significant and immunological typing is desirable only in special studies. The 
abilitv to form cntcrotoxin in tbc rase of food poisoning strains mav he dem 
o n si rated bv fettling sterile filtrate of subcultures incubated in 25 per cent 
COj to human volunteers in amounts of 2 to 5 ml., or to rhesus monkevs In 
stomich tube in 25 to 50 ml amounts. Tbc kitten test for entemrosin i< not 
reliable. 

I'ntlmgriiirity for tamer Animal*. The rabbit has print'd one of the 
more favorable animals for experimentation, intravenous injection of broth 
cultures being the m<*t successful mode of infection A nvxlcrafclv virulent 
stnin kills an avenge si/cd rabbit in four m right divs after in rection of 0 I ml 

I’Oiklnmi: ini Pill J**if An>rr. Mol As«n . 

I’Gnpji ?sos V'fV Suit Mn!. U SU 
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test every animal in the here! wiflt t.ii.nr r * ’ general method h to 

of Wl. • rcactors 1 1 " tIlc c,ean Once a sufficiently high proportion 

f i;r V °, b , M , n frMd ° r a ' m03t frecd from *«<><£ tte«» 

can be scheduled as an accredited or attested area, and the remaining herds are 

mmedTv e S ° n W br ° USht ‘i 1 ' 10 tl,C cradicatioK This method" if accom- 

su " essf T T rCm ° Val ° r sl " uglltcr of ,hc reacti ”S an!mals . » “ft™ iighly 
successful in eliminating the disease. Clean herds must, however, he tuhercnhn- 

tested at intervals to sec that infection is not re-introduced. In the United States 
proportion of animals reacting to tuberculin was reduced between 
1JU and UlO from an average initial rate of about 4 per cent, to one of about 
0-5 per cent. (Myers 1910) and to 0-18 per cent, by 1943 (Report 1946). Scandinavia 
has also achieved great success by the use of this method ; and the introduction 
of the Attested Herds scheme into Great Britain in 1935 had resulted by 30 
beptember 1953 in the registration of 43-5 per cent, of the cattle a 3 attested 
Vaccination ol Cattle against Tuberculosis. — Various vaccines have been used in 
an endeavour to control the disease. Von Behring vaccinated calves with living 
bacilli of the human type, but though the method had some success it had to be 
discarded when it was found that the bacilli remained alive in the tissues and were 
excreted in the milk (Report 1911c, Griffith, A. S., 1912-13, 1916-17). Avian 
bacilli were tried, but with less success, probably because they do not set up the 
same focal lesions in cattle that human bacilli do (M'Fadycan et al. 1913, Garona 
and Giordano 1926). Friedmann introduced his turtle bacillus for vaccination, but 
this organism was found to provide little or no protection for warm-blooded animals 
Calmette and Guerin’s BCG vaccine (see p 1529) holds out greater promise. It 
has been tested by several workers in different countries (see Watson 1928, 1930, 
Schroeder and Crawford 1928-29, Rankin 1929, Rankin et al. 1932, Haring et a! 
1930, Bang, O. el al. 1931, Cotton and Crawford 1932, Jundcll and Magnusson 1933, 
Griffith, Buxton, and Glover 1931, 1935, Buxton. Glover and Griffith 1934-35, 
Ascoli 1936, Buxton 1936, Buxton ct al. 1939, Report 1937, Dalhng 1946, Glover and 
Ritchie 1953) There seems to be little doubt that, if B C.G is given to umnfecte 
calves shortly after birth, preferably by the parenteral route, their resistance bo 
to experimental and natural infection with the tubercle bacillus is definitely in- 
creased compared with that of unvaccinated control animals. The degree 0 
immunity produced is limited and seems to wear off in the course of a T ea .J or - W ! 
unless re-vaccination is practised. How much help B.C.G. vaccination wi a 
in practice in the control of tuberculosis is doubtful. In heavily infecte w 
vaccination of calves might possibly serve to protect them while the reacting s 
was being gradually removed from the herd, thus paving the way for a P r0 ^ 
eradication scheme. But the most heavily infected herds in this coun ^ 

“ flying herds,” which do not retain their calves. In heavily infecte * e 
herds the calves may be infected from tuberculous milk soon after i > 
rendering vaccination inapplicable. Less heavily infected herds can e re ^ 
infection more easily by immediate removal, or by removal a ter iso a 
tuberculin reactors found at the first test. B.C G. vaccination ren ers 
sensitive to tuberculin, and thus interferes with the eradication sc ic 
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oi a twenty-four-hour broth culture. On autopsy, minute abscesses aie found 
in various internal organs, most commonly in the Sidney (particularly in the 
cortex) and in the walls of the heart. Under ordinary conditions of experiment 
with healthy adult rabbits the bone marrow and periosteum are rarely seriously 
affected. In young animals, however, several workers have claimed to have 
evoked typical osteomyelitis by intravenous injection of staphylococcus cul- 
tures. It is perhaps questionable whether in these cases the processes in the 
affected tissues are strictly comparable with natural osteomyelitis in man. The 
injection of cultures into a rabbit suffering from a fractured bone or an injured 
periosteum produces a more characteristic chain of events, and one that closely 
resembles the course of human osteomyelitis. Rabbits are relatively insuscepti- 
ble to intraperitoneal inoculation with staphylococci, Artificial inoculation 



Fig. 44. Micrococcus tetragenus ; smear from pure culture stained with fuchsm. No 
the relatively' large size of the cells and the typical tetrad arrangement with the megu 
clumps tending to be made up of tetrads. X 1800. 


of the eye, on the other hand, succeeds readily, although natural eye in ection 
is never observed. Feeding experiments with staphylococci do not pro u 
infection. White mice are sometimes used for inoculation exp*, aments, 
are less uniformly responsive than rabbits; guinea pigs are relative y rests an * 
rats and pigeons highly so. . - t. 

Cases of spontaneous staphylococcus infection among domestic am 1 ' 

while not so common as in man, are not unknown. In noises an 
Staphylococcus aureus has been found associated with pa tool ogic > 
and conditions similar to 
in cattle is not uncommoi 


ostitis 

ered 

\)\<y 


special species of staphylc w> _..> „ . . , . k u t 

coccus bovis" (in cattle) and “ Staphylococcus hemorrhjigicns Un * ’ „ us 

such species are of doubtful validity. Typical strains of Staptyoco 
and alhtts have been isolated from spontaneous abscesses m n s. 

«Cf. Minctt Jour. Comp. Path. Therap., 1937, 50101; Plastridge, Anderson, 
hams and Weirether. Stores Agr. Exp. Station Bull. No. 23r, 1 
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? cent, of market eggs, and 10 per cent, of eggs from tuberculous hens, contained 
tubercle bacilli. In the United States a survey of 115,700 flocks of poultrv in 40 
States revealed the presence of tuberculosis in 6,690 (5-8 per cent.); the' actual 
number of fowls affected was estimated at over 8 million (Mohler and Washburn 
1930). The highest incidence ^of infection occurs in the north central state. 
Disease is much commoner in*old birds than in young (Feldman 1938). The 
organs most frequently affected are the liver, spleen, intestines, lungs, bones, 
joints, peritoneum, kidneys, and ovary (Gallagher 1926). The disease' can be 
diagnosed by the intradermal tuberculin test using avian tuberculin, The slaughter 
policy seems to be the most suitable method of dealing with the disease when it 
is extensive, but an eradication plan based on the use of tuberculin may be tried 
if the disease is less extensive or the birds valuable. By this means the proportion 
of flocks in the United States of America reacting to tuberculin was reduced from 
6-2 per cent, in 1925 to 3-0 per cent, in 1945 (see Report 1946). (For a general sur\ey 
of avian tuberculosis see Gloync 1933, Feldman 1938.) Acid-fast organisms have 
been reported in bumble-foot of chickens, but their exact nature is unknown (see 
Bunyca 1936). 
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Immunity 353 

Immunity. An active immunity may be developed against staphylococcal 
infection by immunization with vaccines. In the rabbit the use of hilled sus- 
pensions followed by living attenuated bacteria occasionally results in infection, 
and the inoculation of living microorganisms is somewhat dangerous. Immu- 
nization of human beings is, therefore, confined to the use of hilled suspensions 
The immunity so induced is in part antibacterial and m part antitoxic if the 
toxic products of the microorganism are included in the vaccine. The antibac- 
terial immunity appears to be essentially a stimulation of the phagocytic 
mechanisms; the rate of phagocytosis is remarhably increased, and the activity 
of the phagocytic cells is of prime importance in combating infection with 
these bacteria. According to Valentine and Butler'*- antileucocidin is of con- 
siderable importance in the immunity. Antibacterial sera will protect un- 
treated animals against infection, and the acquired immunity is associated with 
an increase tn the amount of opsonin. 
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Fig 45. Colonics of Micrococctn Ictragcnus on blood agar. Twenty four hour culture. X 3. 

The therapeutic use of vaccines in the treatment of boils and carbuncles 
and chronic furunculosis in man has met with some success. There is good 
evidence that the autogenous staphylococcus vaccine (the strain cultivated 
from the patient) is more efficacious than the ordinary stock vaccine. 

Considerable interest has attached to the antitoxic aspect of antistaphv lo- 
eoccus immunity. Toxoid, prepared by treating suphyloctxrcm culture filtrate's 
with formalin, li3s been used in producing an active antitoxic immunity, 
and a number of attempts have been made to demonstrate the efficacy of anti 
toxic sera. The therapeutic use of toxoid has given encouraging results in some 
instances, and it is of interest that the antileucocidin appears to be of particular 
significance The value of antitoxic sera is uncertain. Tbcir use, cither 
through parenteral inoculation or local application, has not let! to unequivocal 
results though in a number of instances sen favorable results hue Urn rc- 
• i Valentine and Puller Lancet. |939. «i 973 
*’C f Maum Acta Path M«rnh»nL Scand , Suppl. 35. 1939. 
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The Staphylococci 

ported.- 4 The antitoxin, it may be noted, is standardized in terms of anti- 
hemolysin, one unit being that amount which will neutralize 200 minimum 
hemolytic doses of toxin; in consequence the toxin is sometimes differentiated 
mto a-toxin and /?-toxin, referring to the a- and /Mysins. 

OTHER MICROCOCCI 

A variety of micrococci, both pigmented and otherwise, have been described, 
most of which are saprophytic forms found in water and elsewhere in nature. 
A well-known representative of this group is Sarcina lu ten, a coccal form pro- 
ducing a bright yellow pigment which derives its generic name from a ten- 
tendency to form cubical packets of eight cells. 

Mtcrococctts tetragenus (Gnffkya tetragena) is a parasitic coccus frequently 
found on the mucous membranes of the upper respiratory tract. It was dis- 
covered by Gaffhy 25 in the pulmonary cavities in phthisis, and has been found 
in pure culture in abscesses in animals and man, and often occurs in the 
healthy mouth. Morphologically Alicrococcits tetragenus is distinguished by 
its occurrence in tetrads or groups consisting of four small oval cocci. It is 
gram-positive. In cultures the sheet-hke arrangement is not always seen, but 
in the animal organism the flat tablets occur uniformly, and a rather heavy 
capsule surrounds the tetrad. On agar a confluent rough, elevated white growth 
is produced. On potato a thick, white, slimy growth occurs. Gelatin is not 
liquefied, milk is coagulated. Growth is slow and occurs at 20° and at 37° C., 
though better at the higher temperature. 

White mice inoculated with Alicrococcits tetragenus succumb to a rapidly 
progressing septicemia. Guinea pigs and rabbits usually shovv only a local 
affection. House mice and rats are relatively resistant. Fornaca 20 has reported 
a case of septicemia in man in which Micrococcus tetragenus was present in 
pure culture in the blood. It is not uncommonly found in suppurations of the 
mouth and neck. It is also found in the empyema following pneumonia and 
in the pus of war wounds. . 

This microorganism is probably of low-grade virulence, and unab e, as a 
rule, to invade tbe human tissues except when the resistance is loivcre > 
some depressing influence, especially of the kind caused by the invasion o 
some other bacterium. 

2 *Cf Kleiger and Blair Arch. Surg., 1943, 46.548. 

25 Gaffky: Mitt, a d. k. Gesund , Berlin, 1881, 1.1. 

20 Fornaca: Rif. Med., 1903, 19 - 309. 
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Chapter 15 


THE STREPTOCOCCI 


The streptococci make up a relath cly large group of pyogenic coccus forms 
characterized by an arrangement of the cells in chains. They arc responsible 
for a variety of diseases of man, certain diseases of lower animals, and some 
arc saprophytes found in milk and milk products. They were carl} obsened 
in the pus formed in suppurative inflammatory conditions, and their frequent 
presence and pathologic significance were first emphasized by Ogston, by 
Fehlciscn and by Rosenbach in the early I8S0's. It is now well known that, in 
addition to the more virulent pathogenic forms, relath ely harmless parasitic 
streptococci jrc more or less constantly present in the human throat and in 



Hr -16. Slrfffocracrm fnocrnrj. Hcccnlh iviljteJ *cadct fev cr strain N\>tr die Irndene* 
to diplucoccus arrangement in tlie chain*. Fuclom, X 1050. 


the intestinal tract which assume a pithogenic role only under circumstances 
in which normal resistance is markedly reduced, and which may be regarded, 
for all practical purposes. as a portion of the nnrmj! flora of the humin Ixidy. 

Morphology noil Staining. Like staphs lococci, indiiidti.il streptococci 
arc spherical and 0 8 to 1.0 ft in diameter. Some variation in size results from 
the character of the culture medium, and the individual cells arc frequently 
appreciably smaller when the cultures arc grown under anaerobic conditions. 
Smaller satieties, 0.4 to 0 8 »i in diameter, whose sire is apparently a constant 
character, have been dcscrdxxl The typical streptococcus divides in only one 
plinc, and the tendency of the cells to remain united results in the develop 
ment of the characteristic chains that give these organisms their generic name. 
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115 TUBERCULOSIS 

Mishulow, L., Keresztdm C , and HanfTsriir, D. (1931) Amir. Xrv. Trim 29 <!> 
Moan, A. and Em, P Q (1952) M KVH m , h ’ 0 5 25s ». <d. 

Moeller, A. (1899) Z. /%. InfektKr., 38, 205. 1 ’ 

Mount, J. It. (1931) n/ijc. Pail. ti.s. D ep . AgriC f No _ m 

Mohles, J. R. and Washbow, H. J. (1930) JW Ball., B.S. B,p. Ajrfc. H„ 7!1 

Moktoomerie, R. F. and Thorsor, A. (1938) Vet. Rec., 50 1759. 

Mori, N, (1911) Ann. Slaz. Mai. Best. Napoli, 1, 327. 

Morris, S. L (1946) Amer. Rev. Tuberc ., 54, 140. 

Monro, W. T. and Griffith, A. S. (1928) Lancet, i. 384 
Monro, W. T, and Scott, H. (1936) Lancet, i. 393 
Moshatt, C. (1940) J. Hyg., Camb., 40, 39G. 

Myers, J. A. (1930) Amer. Rev. Tuberc., 21, 479 ; (1940) “ Man’s Greatest Victory over 
Tuberculosis.” Chas. C. Thomas, Springfield, 111 ; (1946) Publ. tilth. Rep, Wail, 61 
1563; (1948) Amer. Rev. Tuberc., 57, 107; (1952) Postgrad. Med., 12, 101, 261, 463. 
Myers, J .A., Diehl, H. S., and Lees, H. D. (1934) J. Amer. med. Ass., 102, 20S6. 
Myers, J, A, and Harrington, F. E. (1934) J. Amer. med. Ass., 103, 1530. 
Naeoeu, O. (1900) Virchows Arch., 160, 426. 

Naeslond, c. (1935) Lancet, i. 1512. 

Nakayama, J. (1924) Z. Hyg. InfektKr., 102, 581. 

N£gre, L. and Bretey, J. (1947) “ Vaccination par Ic B.C.G. par Scarifications Cutanecs.” 
Masson ot Cie, Paris. 

Neufeld, F. (1930) Dlsch. med. Wschr., 56, 1599. 

Nielsen, F. W. and Plum, N. (1940) Vet. J., 96, 6. 

Nordwall, U. (1944) Acta tuberc. seand., 18, 45. 

North, E. A. (1949) Med. J . Aust., L 300. 

Norton, J. F., Thomas, J. G., and Broom, N. H. (1932) Amer. Rev. Tuberc., 25, 378. 
Oedino, P. (1946) Bull. Hyg., 21, 426. 

Okell, C. C. and Parish, H. J. (1927) Brit. J. exp. Path., 8, 170 ; (1928) Ibid., 9 , 31 
Olson, B. J., Hahel, K., and Piooott, IV. It (1947) Pull, tilth. Rep, Wash, 82, 293 
Opie, E. L. (1917a) J. exp. Med., 25, 855 ; (19176) Ibid., 28, 263 ; (1924a) Amer. Re t. 
Tuberc ., 10, 249; (19246) Ibid., 10, 263; (1925) “Widespread Tuberculous Infection 
of Healthy Individuals and its Significance.” Philadelphia; (1928-9) Ilarvty LtcUrir, 
(1929) Amer. Rev. Tuberc., 20, 141 ; (1930) J. Amer. med. Ass., 95, 1151 ; (1035) Amer. 
Rev. Tuberc., 32, 617. 

OriE, E. L. and Aronson, J. D. (1027) Arch. Path. Lab. Med., 4, 1. 

Opie, E. L. and Freund, J. (1937) J. exp. Med., 66, 761. 

Opie, E. L., Landis, H. It. M., McPhedran, F. M„ and Hetherinoton, II. \1. 

Amer. Rev. Tuberc., 20, 413. 

Opie, E. L. and McPhedran, F. M. (1935) Amer. J. Hyg., 22, 539. 

Opie, E. t ■ ~ ~ ■ 935) Amer. J. Hyg., 22, G44. 

■ re. Land, 145 , 974 . 

•• • • • . • erculosis in Denmark, Norirsy * 

■. C.H. 957, Geneva. n 

’’uberkulose de$ Rindea. 


SchoetL 


Osborn, 

OSTENFEI 
Swede 
Ostertac 

Berlin /’ 

PaarmaN 1 , ... , .vw, u/*m. iiiww., 42 , I. 

Palmer, C E (1949) Publ tilth. Rep , Wash , 64, 1250 

Palmer, C E and Petersen, O. S. (1950) Publ tilth. Rep, Bash., 65, I. 

Palmer, C. E- and Shaw, L. W. (1953) Amer. Rev. Tuberc , 68, 464 
Parish, H. J. (1938) Tubercle, Lond , 19, 337. , . ini 1019. 

Park, W. H., Kereszturi, C., and Mishulow, L. (1933) J. Amer. med. Am., W » 
Park, IV. H. and Krumwiede, C. (1910) J. med. Res., 23, 205. 

Parry, R. IL and Hall, I. W. (1935) Lancet, i. 1127. 

Paterson, J. F, (1940) Amer. J Hyg., 32, A, 67. 16 °33. 

Petroff, S. A., Branch, A., and Jennings, F. B. (1929) J4 

Petroff' S. A . Branch, A., and Steenken, W. (1927) Proc. Soc. exp. Real., &.*•. 

(1929) Amer. Rev - Tuberc., 19, 9. „ ri - 

Piasecka-Zeyland, E. (1937) Rev. Ilyg., 59 , 540. . ^ Tuberc., & 

Pinner, M. (1032) Proc. Soc exp. Biol., N.Y., 30, 214; (193j) Amer. 

424. ‘ * ‘ 

PlRQEET, C. VON. (1907) Btrl. Uin. 

52, 675. 


.. ll'schr., 48, 644, 699; (1909) J. Amer. med. A». 

Pitney, E. II. and Kasips, R. V. (1947) Pull ^ Vk 'zoo'. ^ 

Plunkett, R. E. and Sieoal, \V. ( 1 937) A m p “„ "’{1910) Amer. J. p’‘U. IRA- 
P. E„ Weber, G. W„ Siechl, 1V„ «nd Bosh, R. R- A™ 


Plunkett, 

30, 229. 

Popf, A. S , Sartwfli, P. E , and ZaCKS, 


i, I). (1919) Amer. J. /» 


,»w. mu .. ». I3,, • 



356 


The Streptococci 

Tills tendency is apparently more pronounced between daughter cells follow- 
ing the first cell division, and the chains frequently have the appearance of 
chains of diplococci, with pairs closer to one another than to adjacent pairs; 
this is apparent in Fig. 46. The firmness of the attachment is to some degree 
a strain characteristic and some strains appear as relatively long chains while 
others show little more than two pairs of diplococci. Earlier workers attached 
some importance to the length of chains formed and differentiated a sup- 
posedly more virulent Streptococcus lon^us and a less virulent Streptococcus 
brei'is. Other morphological and biochemical characteristics were thought to 
be associated. It has long been clear, however, that this distinction has little 
meaning in spite of the fact that freshly isolated streptococci from pathologic 
processes usually form chains of more than eight cells while those normally 
present in the mouth and throat usually develop only short chains. For in- 
stance, longer chains are generally formed during growtli in liquid media; 
Streptococcus lactis, a common inhabitant of milk, forms very long chains; 
and short-cham streptococci me not infrequently isolated from pathologic con- 
ditions. The formation of chains of cells is in no sense absolute, however, and 
on miscroscopic examination of a smear of typical streptococci, single cells, 
pairs of cells, and occasional aggregates resembling staphylococci are found. 

Streptococci arc not motile under ordinary conditions of observation, but 
motile forms are described with some frequency, and the precise status of their 
motility is not clear. The majority of strains arc encapsulated, and in some the 
capsular material consists of hyaluronic acid, the substrate of hyaluronidase or 
invnsin (p. 212). So far as is known, these bacteria do not form spores, and the 
formation of pigment is relatively rare. 

They stain readily with the usual bacterial stains. Almost all of the strains 
isolated from pathologic processes in man arc gram-positive, but gram-negative 
streptococci arc found with some frequency, more commonly in suppuratne 
conditions in lower animals than in man- 

Streptococcus colonics on agar media arc usually quite small, translucent, 
convex, entire, and slightly granular, but colonial differences among variants 
are well known (ride infra). The growth on agar plates may be confluent i too 
heavily inoculated, but these bacteria have a tendency to remain in discrete 


colonies. .. 

Physiology. As a group, the streptococci grow over a relatively wide tem 
perature range, 10° to 42° C. Those of the pyogenic group, which is made 
up of human and animal parasites, have an optimum at 37° C. and arc re ^ 
tively restricted in range, those of the lactic group grow over 10 to 37 *> a 

the vindans group grows from 37° to 42° C. and includes one thcrmopnuic 
species which grows at 50° C. The majority of streptococci are tacu tatn 
aerobes, but there arc a few obligate anaerobic varieties. 

The streptococci are among the more fastidious of bacteria wit respe ^ 
nutritive requirements. They will usually not grow on meat extract me 1 ' 
growth is ordinarily poor even on infusion media but may e some* 
proved by the inclusion of phosphate buffer CM/30) and a sma am ” ’ ^ 
haps 0.1 per cent, of glucose. For the most part, however, in usion ^ 
riched by the addition of 10 per cent defibtinated blood, asci i j ete jy 
similar substances are used and a medium such as blood agar is 
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The Formation of Toxic Substances 

satisfactory for routine culture of the pathogenic forms. Many strains arc 
hemolytic on blood agar, some showing the clear zones of /? hemolysis (see Fig. 
47), and others a zone of greenish discoloration or a hemolysis indistinguish- 
able from' that produced by the pneumococcus (Fig. 52). Growth also occurs 
in milk which is curdled by some species due to the fermentation of lactose. 
Streptococcus cultures may be presen cd in scrum broth or agar or infusion 
media gelatin stabs in the refrigerator. 

The relatively complex nutritive requirements of these bacteria have been 
defined to a considerable degree. Most strains require glutamine, riboflavinc, 
pantothenic acid, pyridoxinc, nicotinic acid and biotin, together with thirteen 
or fourteen amino acids. According to Wilson 1 the streptococci of group A also 
require nucleic acid derivatives. Some strains have been cultivated in chem- 
ically defined media 2 and Bernheimer and Pappenheimer 1 have developed n 
hydrolyzed casein medium supplemented with amino acids, salts, glucose and 
vitamins of the B group which supports good growth of hemolytic strepto- 
cocci. 

A wide variety of sugars is fermented and a number of polysaccharides arc 
hydrolyzed. The chief fermentation product of glucose is lactic acid, and small 
amounts of formic and acetic acids and ethyl alcohol are formed * The hydroly- 
sis of sodium hippuratc and polymers such as inuhn, starch and dextrin has 
some differential significance, together with the fermentation of lactose, sor- 
bitol, glycerol, mannitol, maltose, sucrose and raflinosc. Some strains liberate 
relatively brge amounts of ammonia from peptone and this characteristic also 
has some differential value. With rare exceptions, inulin is not fermented nor 
arc the streptococci dissolved in ox bile or a 10 per cent solution of bile salt: 
these characteristics have considerable practical importance in that they sene 
to differentiate the a hemolytic or green streptococci from the pneumococci. 

Tin* Formation of Toxic SiiliMnncca. The streptococci form no endo- 
toxin, i.e., the cell substance is only mildly toxic on parenteral inoculation, and 
no true exotoxin unless the scarlatinal toxin he included in (he cxofovins. A 
number of toxic substances of agrcssin-lihc character which contribute to the 
invasive qualities of the pathogenic streptococci arc found in culture fluid. 
These include hemolysins, fcucocidin, fibrinolysin, hyafuroniefase and the 
ervthrogcnic or scarlatinal toxin, and there is. in addition, a substance lethal 
for mice whose relation to the other toxic substances is not clear. 

Two hinds of filterable hemolysin produced by streptococci were described 
by Todd. 5 They differ in that one, called streptolysin S, is sensitise to treatment 
with heat or acid, and the other which is designated streptolysin O is inactivated 
by oxygen, ir.. is inactive in the oxidized state, anil the activity may !*? rc- 

« Wilson Proc. Soc. Exp. |)mt. Mo!.. 1945. 5S 249. 

1 Mulchings ami W'ofilo : Science, 1939, 90 41. Mcflvvatn cl al : Riochmn. jour . 1939, 
33 22 1. J Jutnrr Jinn. R-icf-, 1935. 35 429. Kins Girv anil TarreJ] J-nn. Hart.. J935, 
3Zi S3'. SuMjjiovv and R»nc: Jour. Amcr. Oicm. Sk., 1939, 61-1616, Wmlrv ; Jinn. Ftp 
MnU 1941, 73-4S7. 
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LEPROSY, RAT LEPROSY, SARCOIDOSIS, AND 
JOHNE’S DISEASE 

LEPliOSY 

History and Epidemiology. — Leprosy is a disease of great antiquity ; when or 
whero it originated is not known, but according to Rogers and Muir (1925) it is 
probablo that the original focus was in the northern belt of Central Africa. The 
disease was described in Asia Minor about 345 n.c. ; thence it spread gradually 
westwards, till in the Middle Ages practically every country in Europe was 
affected. During the fourteenth and fifteenth centuries leprosy in Europe declined 
rapidly ; about the same time, however, it was carried to the Western Hemisphere. 
During the last 70 years the discaso has appeared in Oceania, where it has spread 
widely ; in Hawaii, for example, it was estimated in 1909 that 1 in every 40 
natives was a leper (Brinckerhoff and Moore 1909). 

At the present time the highest incidence of the disease is confined to tropical 
countries, particularly (1) Equatorial Africa ; (2) the long belt stretching from 
Assam and Burma, through the Malay States and Indo-China to the islands of 
the Pacific ; and (3) the West Indian Islands and the northern part of South 
America. Males appear to be more commonly affected than females. Infection 
seems to be most frequent in youth and early adult life ; Rogers and Muir (1925) 
state that probably over 50 per cent, of patients arc infected before the age of 20. 
The lower social classes are moro frequently infected than the higher. The wcu* 
bation period may be almost any time, from a few weeks to several years ; the 
commonest period is 2 to 4 years, but it is 6aid that it may extend even to 40 
years. The disease is extremely chronic and may be of lifelong duration ; wter 
it has lasted for a variable length of time it may retrogress as the result of a 
naturally acquired immunity; on the other hand, after remaining chronic or 
years, it may take on an acute course. The mortality from the disease itse is 
comparatively low. , 

The way in which leprosy is conveyed is uncertain. Most workers are agre^ 
that it is infectious, but the manner in which infection is spread is still arge> 
a matter of conjecture. Considering the long incubation period of the ise ^ 
this is not surprising. The restriction of the lesions to the skm sugg ^ 
that the bacilli gain entrance through cuts, abrasions, and fissures, u ^ 

possible that the nasal mucosa may be primarily infected. Lepers su er ^ D 8 
the lepromatous form are very much more infective than those suffering ™ ^ 
anesthetic form ; this is because lepra bacilli are numerous in the nodu® f 
skin, but are uncommon in the anesthetic patches Blood-sucking ,es , nce 
insects have been suspected as carriers of infection, but no convincing 
against them has been brought forward. On the whole the mfectivi y 0 
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stored by treatment with mild reducing agents such as sulfite Both hemolysins 
are extremely labile at 37° C. and disappear rapidly after the first few hours 
of incubation. There is some evidence that the leucocidin of streptococci is 
identical with streptolysin 0. The latter has been studied in some detail by 
Bernheimer, 0 who has found that it has a cardiotoxic action on the isolated 
frog heart, and appears to be associated in some manner with the mouse lethal 
factor. The fibnnolysm (p. 211), acting as an activator of an inactive serum 
protease, is possibly associated with the invasive character of the pathogenic 
streptococci in facilitating the spread of infection through the barrier of fibrin 
clots 


The relation of hyaluronidasc (p. 212) to the invasive properties of the 
streptococci is less clear than once thought. In general, as with many other 
pathogenic bacteria, the presence of capsules is associated with virulence and 
among the streptococci the capsular substance is frequently hyaluronic acid. 
The addition of hyaluronidase to suspensions of encapsulated streptococci thus 
denudes them of capsules and they arc more readily phagocytoscd and less 
virulent. 7 This factor, then, assumes an anomalous position with regard to its 
contribution to the invasive properties of streptococci. 

The crythrogenic toxin is a substance which gives rise to a marked local 
erythema upon mtradcrmal inoculation in man, and in larger amounts pro- 
duces a generalized erythematous rash. A skin reaction may be produced in the 
rabbit but in general laboratory animals are highly or completely resistant to it. 
The lethal dose for the rabbit is very large, 5 to 10 ml. of unconcentrated 
filtrate. This toxin is responsible for the rash of scarlet fever and is known as 
scarlatinal toxin, or Dick toxin after its discoverers. It differs from the classic 
exotoxins in that it is relatively heat-resistant and some toxicity still remains 
after boiling for thirty minutes (see also p. 375). It is antigenic and stim 
ulates the production of specific antitoxin but not to the high titers readily 


obtained for diphtheria and tetanus antitoxin. ' 

The formation of the foregoing substances by the streptococci is a charac 
teristic of the group rather than of all strains of pathogenic streptococci T us 
all group A streptococci do not produce erythrogenic toxin, and those that o 
not are incapable of causing scarlet fever. In general they are associated u it 
virulence in that avirulent varieties are frequently non hemolytic, non -fibrmo 
lytic and the like while those found in pathologic conditions and showing ug 
virulence under experimental conditions are hemolytic, fibrinolytic, etc. 

Another factor associated with the ability of streptococci to produce isea 
is the development of a hypersensitivity to the cell substance of these ac e 
during and following infection Subsequent infections, then, result in a erg 
phenomena which may be of very considerable importance in the lsease P 
duced. Thus, it seems probable that hypersensitivity plays a part in r ieuma 
disease and arthritis (vide infra ) of streptococcal etiology. 

Variation. Alterations jn the morphology of individual streptoeoc 
frequently observed m old cultures, with cells swollen to se\era times n ^ 
size. These and other changes in aging cultures have been inte7 P 7 , a ' ( 
some workers as indicative of a complex life cycle, but it is more i 
«Bernheimer and Can tom. Jour. Exp Med , 1945, 81 295, 307. ibid., 

7 Sec Kass and Seastone Jour. Exp Med., 1914, 79 319. 
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natural infection of the Syrian hamster with the rat leprosy bacillus has been 
ascertained, it would be rash to do more than suggest that this organism may be 
responsible for occasional cases in man. 


Diagnosis. — In the lepromntous (tubercular) form, a piece of skin over one of 
the nodules should be examined microscopically for leprosy bacilli (Fig. 282). lVith 
a sharp pair of scissors curved on the flat, a piece of skin 3 mm. long and 2 mm. deep 
is clipped off the surface. The corium is pressed downwards on to a clean new slide, 
and a film preparation made, and stained with Ziehl-Neelsen (Rogers and Muir 
1925) ; or the skin may be fixed, embedded in paraffin, and sections cut in the usual 
way. If acid-fast bacilli cannot be found in the nodules, it is advisable to examine 
the nasal mucosa. The most satisfactory method is to scrape the mucosa gently 
with a blunt scalpel, and make ordinary film preparations. The bacilli can fre- 
quently be demonstrated in this situation in the Ieproinatous form, and may be 
found in some cases of the maculo-anresthctic form of the disease. Sometimes they 


are present in the nasal mucosa before skin nodules have developed ; thus they 
are said to be demonstrable occasionally in apparently healthy contacts. In early 
cases of generalized leprosy, tho bacilli can often be demonstrated in clippings 
from the lobulo of tho car. If there is any doubt as to whether the organisms 
found in the nose or skin arc true leprosy bacilli, it is advisable to inject a sus- 
pension of the ground-up material into guinea-pigs; if they are leprosy bacilli, 
there will be no result ; if on the other hand they are tubercle bacilli, the animals 
will develop tho usual form of experimental tuberculosis. 

When the lungs are affected, the sputum may contain lepra bacilli, wh 
are most easily distinguished from tubercle bacilli by animal inoculation. 

The complemont-fixation test has been employed for the diagnosis of lepro y, 
but it does not appear to bo of much value in practice, since ' a 
may be obtained with antigens made from tubercle bacilli (Row 1925-25). 
Lepers frequently givo a positivo Wassermann reaction; Wassermann 

complete absence of syphilitic infection. “ 
? s countries in which the positive 

.-.f\ VI i'\\ rcection roto varies from 7 to 20 I* r 

/%£, ; . amongst the general 

’Vr r >i fs a.'k-'' / \) d ' observers have found that the ra e 

— 'Mt'J ^ V , lepers varies from Id to 85 per cent. (Ko S » 

M / ! ' and Muir 1025). The great vanafor un * 
. ‘ ■ * percentage of positive reactions am ■ 8 

— 1. . , tho lemous population seems to P® 

Q'> ,, largely on tho type of antigen emp V 

f Thu, Hasseltine (1924) eaammed lhesero^ 
■ of 236 lepers in Hawaii. . U “f, g ‘ rK »t. 

v ' insoluble antigen he obtained 17 8 pe 

of positive results; with on ° u 

.. sistingofanalwholicexte^^ ^ 

> 'i-j , * which 0 4 per cent, of cholestero 

added, he obtained 60 per cent. of j,e 

” T s : and with Kolmer’s (M ■ ‘jfV 

obtained 21-6 per cent, of P“““ 

Leprosy bacilli in the tissaea. The baclli are ^ nom ber of , t?p eof 

seen in dense clumps, mostly intracellular m | epers OT tb the nodular IJP" 

(X 1000). 
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such abbcrant morphology Is that of involution forms, if,, is degenerative in 
nature. 

Dissociative changes in colonial morphology arc well known and have 
been described by Todd" and by Dawson, 1 lobby and Olmstead.** It was shown 
by the former that a form designated as matt is the virulent form and distinu 
from the usual smooth and rough colony types. The latter workers described 
a mucoid colony type which was still different. There are, then, four recognized 
colonial types' smooth, rough, mucoid and matt. The conversion from mucoid 
or matt to rough or smooth corresponds to the usual S— *R dissociative change. 
The type-specific M protein is present in all but the rough form. Other im- 
munological variation, not correlated with colonial form, may occur also, for 
there is some evidence that the agglutinative types are sometimes unstable, 
and that on occasion the group-specific polysaccharide may be lost. 

Variation m hemolysis is commonly reported in which 0 hemolytic strains 
give rise to non hemolytic or a hemolytic variants. The alteration in hemolysis 
is to some degree an environmental effect in that anhemolytic variants may be 
hemolytic under anaerobic conditions, suggesting an inactivation of oxygen- 
labile hemolysin rather than failure to produce it; similarly a hemolytic variants 
may be made 0 hemolytic by including catalase in the 'medium or omitting 
reducing sugar since the latter appears to inhibit hemolysin production by some 
strains of streptococci Streptolysin O is generally regarded as responsible for 
blood plate hemolysis, but anhemolytic variants of 0 hemolytic strains have 
Ixien observed which continue to form streptolysin O in liquid culture. 

Streptococci, like other bacteria, may Ijccomc resistant to the action of chemo- 
therapeutic drugs )n the laboratory. Drug fast strains may also lx? found in natu- 
rally occurring infections hut whether these arise by a process of selection or by 
ttt ut o adaptation in the presence of drugs during therapy is not clear (p 178). 
Whatever the mechanism, the widespread, and often indiscriminate, use of 
such drugs through the general availability of sulfathiarolc tablets, peni- 
cillin tablets and the like, has l>ccn regarded by many as undesirable because 
of tins possible consequence. 1 he development of just such a situation occumxl 
during World War 11 through the use of sulfadiarmc as a prophylactic for 
the control of strcplfKuuiis infection in naval training camps.'" The sequence 
of events was as follows Since preliminary studies indicated that strcpiococc.il 
infection among trainees could Ik* controlled In prophylactic sulfadiazine, all 
personnel at one training center were placed on such a prophylactic regime on 
March 1. 194-4. Hollowing its institution streptococcal infection increased hut 
this was associated with j country wide increase and tests made at the time 
indicated that no sulfa fast streptococci were present at the center. At that time 
Sir. pi ogenr s T> pc 19 was responsible for about 2S per rent of the infections 
1 lie high incidence of infection continued and by May Type 19 was re 
spinsi hie for 95 per cent of cases of streptococcal disease. At tluf time if teas 
found that a high percentage of strains of Types 19 and 17 ivdated were sulfa 
fast, and Type 3 hid also Itccomc drug fast. These drug fast strains were 

•TtdJ. Bnt. J.w Fsp l‘«h . I92S, 9 91. Jr-ur. Ten Me] . 194>. 55 2A7. 

>f)jMv.n.|fi.!4s am! O'pisicm! J<nif fnf l).s . (.2 149 af«> Hm ! 

mrr JnuT. Pact.. I 1 **-*. 124 

••Jour. Ancr. Mel A»‘n . 1945. 129921. Pamn*fh ild. 1°4A. HO 124. 
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with tuberculosis prelects against leprosy, or in fact that there is any appreciable 
degree of cross-nmmimty between the two diseases. It will be surprising therefore 
if vaccination with B.C.G. has any effect on the incidence of leprosy (see lowe 
ana McNulty 1953). 


Though chaulmoogra oil was employed for many years in treatment, it has now 
been displaced by the sulplione.s. Very good results were reported by Lovre (1950) 
from the oral administration of diamino-diphenyl sulphone. Of 50 patients treated 
for more than six months, 36 showed clinical improvement, 31 bacteriological 
improvement, and 3 became bacteriologically negative. In* the treatment of rat 
leprosy CVuiclcsliank (1951) found that isoniazid prolonged the life of the animah 
but did not prevent ultimate death. 


RAT LEPROSY 


Hat leprosy is a disease that was first described by Stefansky (1903) in 1901 
at Odessa. Rats were being slaughtered in large numbers, consequent on the out- 
break of human plague, and rat leprosy was found in 4-5 per cent, of them. The 
incidence reported by other observers varies considerably. 

In the United States McCoy (1913) found it in 186 out of about 200,000 rats caught 
in San Francisco, Cal., an incidence of 0 093 per cent. ; and Wherry (1908) found it »u 
20 out of 9,631 rats caught in Oakland, Oil., an incidence of 0 21 per cent. In Japan. 
Ota and Asami (1932) found it in 0 7 per cent, of Jtattus norvegicus and in 0 1 per cent, 
of Raltus rattm ; and Yamamoto, Sato end Sato (1936) found it in 1-24 per cent, of 2,573 
rats caught in Tokyo. According to Marchoux (1933), about 6 per cent, of the sewer 
rats in Paris harbour rat leprosy bacilli in the lymph nodes, but in only about 0 6 per cent, 
of the rats are generalized lesions present. In Batavia 9 3 per cent, of about 10,000 rats 
were said by Lampe and do Moor (1930) to hare lesions of the lymph nodes, but not more 
than 0 23 per cent, of the animals had manifest skin leprosy. 


The disease exists in two forms— the glandular typo and tho musculo-cutaneoua 
type — but there appears to be no sharp division between them. In the glanau or 
type one or more of the groups of subcutaneous glands — inguinal, axillary, or 
cervical — is enlarged, hard, and of whitish colour. On section the glands ^ re 
uniform and hard ; there are no nodules or necrotic areas visible macroscopica 7* 
Microscopically, the capsule and trabeculae are thickened ; the sinuses are * 
with dense aggregations of irregularly polygonal cells, which have a large uuce 
and much cytoplasm— probably macrophages ; the cytoplasm is pa c e wj 
acid-fast bacilli, so that the contours of the cell-body are of-*-n mwi e. 
giant cells, with several peripheral nuclei, containing num-r* iw baci 111 
cytoplasm are also visible. Some organisms may be loniA tree. Qfle 

In the mvsculo-cutaneous type the rat is emaciated ; the s m P r ® , 
or more irregularly round or oval areas of alopecia, commones on . 

occasionally ulcers are seen, about 0-5 cm. in diameter, covere m - 3 

looking discharge containing acid-fast bacilli. At the site o ese ghow ^ 
the skin is atrophic. The subcutaneous tissues are devoid of tat, an ^ ^ 


tne SKin is airoymu-. me buvuuuiuwu* — ~ — — - -- m altered 

presence of a greyish-white, granular material, which Stefansky r g ^ aW 

muscle tissue ; it contains numerous acid-fast bacilli. , . g te f aD sk7 

found in the muscles, covered with particles of stretched atrophic sk m. ^ 

believed that the primary lesion begins m the subcutaneous m ^ acid . fast 
sometimes spreads to the skeletal muscles. Histologically, 
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highly communicable and formed scarlatinal toxin. The drug-fast Type 19 
appeared at other training centers coincident with the transfer of personnel. 
By July prophylactic sulfadiazine had been discontinued in all but two of five 
primary training centers where it was retained for half the personnel for ex- 
perimental purposes. Subsequent analysis showed that these two centers had 
the highest admission rates for patients with throat cultures positive for 
hemolytic streptococci, and the incidence of scarlet fever was much higher 
in the treated groups. Linder the circumstances prophylactic sulfadiazine ap- 
parently increased the incidence of streptococcal infection, and it was sug- 
gested that the drug-fast strains were actually stimulated by small amounts of 
the drug or that the drug inhibited selectively normal flora of the throat and 
nose which ordinarily had some antibiotic effect on streptococci. Not only did 
the drug-fast strains spread through personnel from one locality to another, 



Fig. 47. Streptococcus pyogenes. Pure culture on blood agar showing 0 hemolysis. X 5. 


but drug-fast Type 19 Str. pyogenes appeared in the civilian population coin- 
cident With the return of large numbers of armed service personnel to civilian 
life. 1 1 It will be clear that the development of resistance to chemotherapeutic 
drugs can be a matter of very considerable practical importance, espccia y 
with virulent pathogenic bacteria as ubiquitous as the streptococci. 

Classification. ,J The differentiation and identification of the streptococci 
is a matter of very considerable practical importance because of their ctio ogica 
relation to a number of widespread diseases of man and domestic anima s, an 
of equal importance from the theoretical point of view. It has been an con 
tinues to be a particularly difficult matter since neither the pnystoiogica n 
immunological methods have been satisfactory. As a consequence t lerc 
basic disagreement among workers in this field as to what constitutes a S P~ 
or variety and on what basis or bases differentiation should be mace, 
general criteria have been used, viz., hemolysis on blood agar p ate cu ui » 
chemical properties and immunological character as indicated \ precipi ^ _ 
agglutination reactions Those concerned with the pathogenic s r p 

*> Johnson and Hartman Jour. Clin. Imest., 1947, 26:325. 

•-See Sherman Bacf Rev., 1937, 1 1, Jour. Bact., 1938, 35 til- 
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Scllards and Pinkerton (1038) showed that progressive lesions could be readily re 
produced by the intracerebral inoculation with rat leprosy bacilli of rats and mice 1 m 
readily of monkeys (M. rhesus) and rabbits, but not of guinea-pigs. In mice the infection 
can be reproduced serially by simple intrapcritoneal inoculation. 

Balfour-Joncs (1937) found that the disease could be transmitted to the Syrian hamster 
(Cricelus auratua). Intraperitoneal inoculation with 0-25 ml. of a suspension of infected 
material from a rat caused death in about 0 months. The picture at post-mortem was 
similar to that in rats, except that the omentum was less thickened. Lesions were com- 
monly present in the liver and spleen, less often in the kidneys and lungs. When inter- 
stitial nephritis was observed, clumps of acid-fast bacilli were found in the interstitial 
tissue. In rats, it may be noted, acid-fast bacilli are never found in the kidney. Sub- 
cutaneous inoculation also produced lesions in the hamster. 

SARCOIDOSIS 

This disease is mentioned only because of its possible relationship to tuberculin 
and leprosy. Nothing certain is known about its rctiology, and there is still doubt 
as to whether it is of infectious origin. Though the first recognizable manifestations 
arc usually in the skin — cutaneous sarcoids— other organs are often affected, such 
as the lymph nodes, lungs, liver, bones, and eyes. Pathologically, the reticulo- 
endothelial system is affected ; the lesions are characterized by aggregations of 
epithelioid cells, with giant cells but little or no necrosis. The course of the disease 
is chronic and local healing may occur. Acid-fast bacilli cannot be found in the 
lesions, nor lias any organism of possible pathogenic significance been isolated from 
them. Of special interest is the fact that a higher proportion of patients than of 
normal persons react negatively to the tuberculin test. According to Wells and 
Wylie (1919), this is because, in certain stages of the disease, a tuberculin* 
neutralizing factor is present in the blood. (For review of the disease, sec Michelson 
1918.) 

Lofgren and Lundback (1950) reported the isolation of a filtrablo virus front ffix 
eases ttf the disease. Fluid from gastric lavage was inoculated into the a 
amniotic cavity of the fertile egg. After 3 or 4 “ blind ” passages it was found « e 
allantoic fluid agglutinated the red blood corpuscles of fowls, sheep, guinea-pigs, an me, 
and gave a positive complement-fixation reaction with scrum from the P* _ s ' . , 

agent passed through a gradocol membrane of 250 m/i but not of 160 m;i A P. ■ n l e 
intranasally and intracerebrally into cynomolgus monkeys, it gave rise to eter 1 _ 

days, and blood taken during the febrile stage and passed twice through ^ 

hfomagglutmms m the allantoic fluid. The authors regard the agent as 
the influenza -Newcastle group of viruses, resembling the mumps virus mos c ose y. 
findings await confirmation. 


JOUNE'S DISEASE 

Synonyms. — Enteritis chronica pseudoluberculosa boms, Eutirile * s P*^ a ] c 
chronique des bceufs ; Gkronischer injeUidser Darmhalarrh des m e 
bovine pseudo-tuberculous enteritis. f«.niiently sheep 

Johne’s disease is a specific enteritis affecting cattle, an • 9 j k w as 

and deer, caused by an acid-fast organism known as o ne s regarded 

first described by Johne and Frotbingbam m 1895 a res ' ^ bacillus 

it as a peculiar form of tuberculosis, possibly due to the a JP j„ 

The disease is fairly common in Northern Europe, and 



Classification 36 1 

make a tentative preliminary separation on the basis of hemolysis, and define 
species and types on an immunological basis. Workers with more general 
interests tend to rely primarily on physiological characters, and this is the 
basis of the Bergey Cl 948) classification. 

—'"f fcmoI}sis. The use of blood plate hemolysis was introduced by Schottmuller 
in 1903 and is especially convenient since blood agar is the medium of choice 
in primary isolation. On this basis three types of streptococci may be dis- 
tinguished: 

Cl) The hemolytic streptococci which produce a clear zone of hemolysis 
in the red, opaque medium immediately surrounding the colony. 

(2) The a hemolytic or green streptococci, which produce a zone of greenish 
discoloration in the medium about the colony which is considerably 
smaller than the clear zone of / 3 hemolysis. 

(3) The anhemolytic, indifFcrcnt.or y streptococci which produce no change 
in the medium. 



Fig. 48. Strep to cocci is fecatis. P strain isolated from focal infection. Smear from pure 
culture Fuchsin, X 1050. 


These distinctions have some validity m that the highly virulent streptococci 
isolated from pathologic conditions are almost invariably the /? hemolytic va- 
riety. In the older literature these are grouped as a single species with the 
name Streptococcus hemolyticits, and some workers further differentiated on 
the basis of the disease with which the strain was associated, viz , Streptococcus 
scarlatinae (scarlet fe\er), Streptococcus epidemicus (epidemic septic sore 
throat). Streptococcus crysipehtis (erysipelas), etc It is now quite clear that 
these distinctions are invalid in that identical streptococci may cause more than 
one clinical disease, and that the same disease may be caused by immunolog- 
ically distinct streptococci; that is to say, there appears to be no basis for the 
concept of disease-specific types of streptococci, so far as diseases of man are 
concerned. The /3 hemolytic streptococci associated with diseases of lower 
animals do, however, show a high degree of specificity in the case of Strepto- 
coccus equt, causing strangles in horses.'and Streptococcus agalactiae, causing 
mastitis in cattle, but not in that of the organism now known as Streptococcus 
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sub-mucosa, and very occasionally the underlying muscle layer. The brf, 
are arranged m dense clumps, and may be ultra- or extracellular. Johae arf 
Frothingham mio of the opinion that they were primarily i„wll„l, T 
position, out that owing to the subsequent disintegration of the cell, thy were 
set tree in the tissue. The cellular reaction around the bacilli is diffuse, not local, 
lzed as in tuberculosis. Bacilli can generally be found microscopically in the 
mesenteric glands. By cultural methods they can be shown to be widespread 
throughout the body, being distributed in the liver, spleen, lung, and many of 
lymph nodes in the cervical and abdominal regions (Taylor 1951). In sheep there 
may be very much less thickening and corrugation of the intestinal mucosa than in 
cattle. The disease can be reproduced in cattle and sheep by feeding or parentciai 
inoculation with pure cultures of Johne’s bacillus (see Chapter 19). 

The bacteriology of the disease is described in Chapter 16. 

Dia~r»* , !“ — :1 V: r* 1 ■. ' • • ■ 

losis, c 

found in very small numbers in the feces (M'Fadyean ct al. 1912), but they cannot 
be distinguished microscopically from saprophytic acid-fast bacilli. For diagnostic 
purposes it is better to look for them in a piece of rectal mucosa removed with 
forceps or a Volkmann’s spoon. If they are found, the infected tissue should he 
injected into a guinea-pig to exclude tuberculosis. The organisms may be cultivated 
from the feces by the method described on p. 529, but the method is too cumber- 
some for routine use For culture from the tissues the oxalic acid method of 
treatment followed by inoculation on to 4 per cent, glycerol egg yolk medium con- 
taining 1 per cent of beat-killed Myco phlei is recommended by Taylor (1953) 
Sigurdsson (1945, 1946, 1947) reported favourably on a complement -fixation test 
in sheep ; though useless for latent infections, it appears to be of value for con- 
firmatory purposes. The tuberculin test with bovine tuberculin is negative, but a 
reaction often follows the injection of avian tuberculin (see Bang 1909, 1914) k 
substance called johnm , resembling old tuberculin, and prepared from glycerine 
broth cultures of Johne's bacillus, was introduced by M'Fadyean, Sheathcr an 
Edwards (1912) and Twort and Ingram (1913). (See also DunVm 1933) 
intradermal injection of this substance often gives rise to a reaction in in oC / 
animals which, in the absence of a reaction to tuberculin, is very Miggeatn e , u 
the test is not strictly specific. Thus, naked-eye evidence of disease may e a cn 
at the post-mortem examination of animals reacting to johmn. This is not sUr P^ 
ing in view of the frequent occurrence of latent infection revealed only' Y cu 
methods. What is more convincing is that gross lesions may be found m 
reactors (see McEwen 1939, Report 1941). In doubtful case- ofinfectionat 
mortem, the best method is to culture the lleo-ciocal glaw (Taylor J *' 0 { 

The disease is usually fatal, but numerous instances of apparent rec0V . j\ r{£n , 
long intermissions in its course are known. In some of these amma ^ r j c 

examination has revealed the presence of intense cellular reactions m e 
glands, which had apparently resulted in the disappearance of the . n ^ 

probable that in these animals infection had remained latent an n ' 
to clinical symptoms. . „ n r 

Since the disease appears to be spread mainly by the con am ‘ . nlC astifc J 
foodstuffs and pasture laud with the feces of infected annua s, P*®' rtrr cl»- 

will include the destruction of diseased animals, suitable c wposa 
disinfection of byres, the ploughing-up of infected pasture, am 
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zooepidemicus which causes a wide variety of suppurative diseases in animals, 
including mastitis in cattle. The /? hemolytic streptococci of human disease 
are usually not found in lower animals, but may occasionally infect the udder 
of the cow, giving rise to milk-borne septic sore throat. Conversely, those of 
animal origin do not ordinarily infect man, though human infections with Str. 
zooepidemicus, while not common, are somewhat more so than is generally 
believed. An even greater heterogeneity in the group is indicated by the fact 
that some non-pathogenic forms arc also fi hemolytic. It will be quite clear, 
therefore, that the inclusion of all these forms under the single species Str. 
hcmolyticus is hardly justified. 

A somewhat similar situation holds true with the a hemolytic or green 
streptococci which have been grouped as a single species, Streptococcus 
viridans. The green-producing group embraces such forms as the fecal strepto- 
cocci or enterococcus group, those which normally inhabit the mouth and 
throat, and non-pathogenic forms. Some of the a hemolytic forms, especially 
those found in the throat and intestine, are able to set up disease processes if 
normal resistance is reduced, with the production of localized infections at the 
roots of teeth, in the heart valves in bacterial endocarditis, etc. These patho- 
genic forms differ rather sharply from the highly virulent £ hemolytic strepto- 
cocci, but again the entire group is too heterogeneous to justify inclusion in a 
single species. 

The anhcmolytic or indifferent streptococci are almost all saprophytic forms 
found in milk and various dairy products. The only pathologic condition with 
which they have been unequivocally -associated is subacute bacterial endo- 
carditis , 13 in which they have been found in a small minority of cases. Here 
a variety of physiologically different types are included in a single group, and, 
as in the case of the other groups separated on the basis of hemolysis, it is too 
heterogeneous to allow lumping into the single species, Streptococcus an- 
hemolyticus. 

Immunological Differentiation. Largely through the work of Lancefield and 
her co-workers the pattern of antigenic structure of the hemolytic strepto- 
cocci has been defined, but the viridans and anhemolytie forms are serologica y 
diverse so that this approach has not been useful. By the extraction of so u e 
antigens and application of the precipitin test, Lancefield 14 has demonstrate 
the presence of both group-specific and type-specific antigens in the hemo } ic 
streptococci. The group-specific antigen, or "C" substance, is polysacc inn e m 
nature and an integral part of the bacterial cell rather than a capsular materia 
On the basis of the specificity of this antigen five groups were ongina y c 
scribed and designated Group A, Group B, and so on, additiona groups ' 
since been found up to and including Group N. The biological signi ,cai ^ 
these groups is indicated by the origin of the strains making them up, it 

Group A — Primarily pathogens of man 

Group B— Found almost entirely in mastitis of cattle 

Group C — Primarily pathogens of lower animals 

Group D — Found in cheese 

Group E — Found in milk _ 

13 See the discussion of this group by Rosebury Medicine. 194 . 057 

14 Jour Exp Med., 1925, 42. 377, 397, ibid, 1928, 47 91, 469. 481. 483, 

1933, 57-571. 



1562 


LEPROSY, RAT LEPROSY, AND JOHNE'S DISEASE 


Stefans ky, W. K. (1903) Zbl, Bald., 33, 481. 

Taylor, A. XV. (1951) Vet. Rec., 63, 776 ; (1953) J. comp. Path., 63, 353, 
Twort, F. W. and Ingram, 6. L. Y. (1913) “ ‘ *' ’ v 

Vall£e, H„ Rinjabd, P., and Vall^e, M. I 

Wayson, N. E. and Masonaqa, E. (1935) . . ■ , , . 

Wells, A. Q. and Wylie, J. A, H. (1949) Lancet, i. 439. 

Wherry, W. B. (1908) J. infect. Dis., 5, 507. 

Yamamoto, K., Sato, M., and Sato, Y. (1936) Jap. J. Derm. Urol , 40, 28. 


Lorntm, 



Classification 363 

The association of origin and immunologic group is, however, not absolute 
Streptococci of Group A are occasionally found in lower animals, producing 
mastitis in cattle for example, while those of Group C are found in man with 
some frequency as indicated in the accompanying table. 

ixcinnxci: or streptococci of croups a and c in human 

INI KCTIONS* 


Type of Infection 

Number 

of 

Strains 

Group A 

Group C 

| Number 

Per cent 

Number 

Per cent 

Scarlet let cr 

232 

229 

98 7 

3 

1 3 

Tonsillitis and septic sore throat 

52 

52 , 

too 0 

0 

0 

Rheumatic lexer and rheumatic ar- 
thritis 

19 

19 

too 0 

0 ! 

0 

Puerperal sepsis 

55 

51 

92 7 

mm 


Erysipelas 

51 

48 

94 I 

In 


Miscellaneous 

■a 

136 

95 1 

mm 


Total 

552 

535 

96 9 

17 

3 1 


* l'rom Pa ans Jour Pact 1944 , 48 267 


Type specificit) among the streptococci was indicated by the work of Gnf- 
fith 1 '’ who separated (3 hemolytic streptococci isolated from human disease into 
27 types by slide agglutination, and later added three more types. These were 
given arbitrary arabic numbers, viz., Type 1, Type 2, etc. Following definition 
of the serological groups of Lancefield, it was found that these types are dis- 
tributed over the groups, Group A included the majority, 23 in all, and Types 
7, 20 and 21 fell into Group C, and Type 16 into Group D 

Lancefield has shown that the types within Group A arc determined by two 
type-specific antigens. One of these, the “t\I" antigen, is a nudeoprotein 
which is destroyed by proteolytic enzymes, and may in fact be digested by a 
soluble protease produced by streptococci, 10 resulting in strains which cannot 
be typed by “M” antisera. The other type-specific antigen, designated the ‘T” 
antigen, is not as well known biochemically, it is resistant to proteolytic en- 
zymes, but more recent work 17 suggests that it is also protein in nature. The 
"M" and “T” antigens are independent and may occur m various combina- 
tions Thus, Types 10 and 12 contain the same “M” antigen but different “T" 
antigens, while Types 15, 17, 19, 23 and 30 contain very closely related “T” 
antigens but distinct “M” antigens In addition, strains are found which lack 
18 See Griffith Jour. Hvg , 1935, 35 23 
>« Elliott Jour. Exp. Med , 1945, 81 573 
1? Lancefield and Dole Jour Exp. Med , 1946, 449. 
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“T” antigen, and still others lack, or apparently lack, “M" antigen. While 
then, the separation of the streptococci of Group A is clearly a complex matter] 
streptococcus typing has been rather generally applied, in part because it is of 
importance in the interrelationships, possibly phylogenetic, of the streptococci, 
and in part because it is of great value in epidemiological studies. Many 
workers feel that slide agglutination is not completely satisfactory and favor 
the precipitin reaction 18 , a method of carrying out the precipitin test in capil- 
lary tubes which is reliable and conserves serum has been developed. A detailed 
discussion of typing methods is given by Stewart, Lancefield, Wilson and 
Swift, 10 

In general these types are regarded as quite stable, but Evans 20 is of the 
opinion that they are not completely so and has reported that shifts in type 
occur on storage of cultures and as a result of animal passage. In this connec- 
tion, Wilson 21 has found that a strain of Type 27 lost its group specificity, the 
“C” substance, during mouse passage, though type-specific precipitinogens 
were retained. 


STREPTOCOCCAL ANTIGENS* 


Group Specificity 

Type Specificity 

Group 

Antigen 

i 

Number of 
Types 

Antigens 

Name 

Nature 

A 

“C” substance 
(polysaccharide) 

More than 30 

“M” 

Nudeoprotein 
Probably protein 

B 

“C” substance 
(polysaccharide) 

4 main types plus 
subtypes 

“S” 

Poly-saccharide 

C 

“C” substance 
(polysaccharide) 

Possibly 13 

No symbol 

Protein 

D ct seq 

| "C” substances 
j (polysaccharides) 

Several 

“S” 

Polysaccharides 


* Modified from Lancefield Har\ey Lectures, 1940-41, Ser 36, pp 251 290 


Strep . ’ 

of the ' ‘ , liave 

mastitis streptococci, four main types and a number or su tJP 08 anC l It is 
differentiated In this group there is hut a single type-specific an ige > _ 
polysaccharide in nature. Group C contains, in addition to t \c r anc j 
types noted above, ten additional types, five in strains ol mman 

18 See Hillex and Hamburger: Jour. Inf. Dis., 1944, 75 265 

19 Stewart, Lancefield, Wilson and Swift Jour. Exp Med, 

20 Evans: Jour. Inf. Dis., 1946, 78-204. 

21 Wilson Jour. Exp, Med., 1945, 81:593. 
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the bacillus which he had_ isolated would produce lesions closely resembling those 
of human diphtheria. This demonstration was the logical extension of the result* 
recorded by Trendelenburg in 1889 and by Oertel in 1871 , both of whom had sue- 
ceeded in producing false membranes in rabbits and pigeons by inoculate them 
with material from human lesions. Loefller had further shown that the subcutan- 
eous or intramuscular inoculation of cultures of the bacillus into susceptible animals 
was followed by death associated with lesions which, though bearing little super 
ficial resemblance to human diphtheria, were in themselves highly characteristic; 
that these lesions wore not the direct result of tissue invasion by the bacilli ; and 
that certain animal species were highly resistant to infection by any route. 

The next important step in our knowledge of diphtheritic infection was the 
discovery by Roux and Yersin in 1888 that sterile filtrates from cultures of the 
diphtheria bacillus would kill guinea- pigs with lesions identical with those which 
follow the injection of tho living organism. This demonstration of the presence 
of a potent extracellular toxin afforded an explanation of LoefBer's observation 
that death was not associated with any spread of bacteria beyond the local lesion. 
In rabbits inoculated with such filtered cultures Roux and Yersin noted the occnr- 


rcnce of late paralysis. 

The lesions produced in experimental animals have been described on pp. 514-6 
It will be recalled that diphtheritic toxaemia in the guinea-pig is associated with 
fatty degeneration of the heart muscle and diaphragm and with congestion and 
hemorrhage in the adrenal glands. In man there is reason to believe that the 
direct action of the toxin on the heart muscle is one of the chief causes of death 


(Bolton 1905, Dudgeon 1906, Jaffe 1920, Andrewes et al. 1923) ; adrenal changes 
are much less evident, though histological examination may reveal the presence 
of congestion with small extravasations of blood and degenerative changes in the 
cortical and medullary cells (Andrewes et al. 1923). 

We have already referred to Loc filer’s observation that the diphtheria baci ns 
can be recovered from the local experimental lesion, but not usually from the tnterna 
organs. It has generally been held that very little invasion of the body *' 1S8U< ^ 
occurs a part from the site of the local lesion. The organism has rarely been iso a ^ 
from the blood stream during life ; only 3 positive results appear in the recor 
313 cases of diphtheria studied by Becde, Roedelius and Reicbe in Ham urg - 
Andrewes et al 1923). According to Wildfuhr (1949), however, this is 
cultures have been made too late. Wildfuhr himself, who took 00 10 ^jj em 

contacts of diphtheria patients, isolated virulent diphtheria bacilli rom 
up to three days before the appearance of the local membrane ; m c ei 
were present in the blood at the time of appearance of the membrane an _ . na | 

1 of them after it had appeared. The patients were suffering from con ^ 
symptoms — fever, malaise, headache and nausea— and in mos o ■ j 
swelling and redness of the tonsils could be detected At au °P organs, 
observers claim to have demonstrated the organism m tanous m r un „ — -and 

but the only viscus from which it can commonly be cu tivatc 13 - ® y 00 d 

this organ is more likely to be infected by direct inhalation than fro 
stream (see Report 1923). . , . in man, like 

The evidence, as a whole, clearly suggests that natural diphth toW ,n« 

experimental diphtheria in the guinea-pig, rabbit, or pigeon, « PJ oV L ot desk 
in which individual resistance or susceptibility to infection, an [ Tl ««e 

are largely determined l.y the presence or rap.d production of antdor, 
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fixe in strains from horses, making thirteen in al! Here also there is hut i 
single type-spccific antigen and it is protein in nature. T\pes luxe Ixvn dil 
ferentiated in several of the other groups on the basis of a single tsjv sjvcifie 
antigen, polysaccharide in nature.^ 

WTiile the antigenic structure just discussed is largely t)i3i of the (i homo 
Ixtic streptococci, fi hemolysis is not invariably associated with the limmino 
logical character of these groups, and it has been found tint certain of the 
enterococci, for example, contain these antigens By and luge, how cur, this 
antigenic structure does not extend far bexond the (i hemolxtic group and, as 
indicated aboxe, immunological methods have not Ixvn useful in other than 
this group. 

Physiological Differentiation. There is sortie correlation between the im 
munological groups of the hemolxtic streptococci 3nd their phxMologual char- 
acteristics. Group A show s a reasonable degree of biochemical homogeneity All 
produce ($ hemolysis on blood agar and form soluble hemolxsins, do not 
hx drol)7:e sodium hippurate. ferment trehalose but not sorbitol, do not redu«e 
methxlene blue, and seldom grow in 40 per amt bile agar. Group 15 is alvi 
more or less homogeneous, differing from Group A in that sodium hippurate 
is hxdrolvzed and growth occurs in 40 per cent bile agjr, hut resembling 
that group xxith respect to methylene blue reduction and trehalose and sorbitol 
fermentations. The streptococci of Group C are considerably more diverse, 
and resemble Group A in that sodium hippurate is not hxdrolx/cd Within 
the group there is some correlation between habitat and pbxsiologk.il charac- 
ter. Thus the strains isolated from strangles in horses are sorbitol, trehalose 
and lactose negative, while strains that are pathogenic for man genera! I) fer- 
ment sorbitol but not trehalose. 

Phx siological characteristics have been used exclusive!) in the Kergey 
C 1948) classification of the streptococci and the species differentiated on that 
basis are indicated in the following abridged key 

I Facultative anaeiobes 

A Pvocenic RTOtip 

1 Sodium hippurate not bvdrolv/cd 
a Lactose fermented 

l Sorbitol — , trehalose + Ijnrrfu-W Croup A 

Streptococcus pi ot'rna 

n. Sorbitol •*-, trehalose — Lanreflrlrf Crtrup C 

Slrrptococciis zoocpjJeitiicm (imiiul pvup« w, 
b Lactose fermentation variable 
i Trehalose — 

Streptococcus cc’ui 
n. Trehalose -1- 

Sirrptococcus eifuhimiliy 

2. Sodium hippurate hv druh-zed I^urefield Croup JJ 

Sfrcplococctis t>)i ilncliae ftrinjl/fiefn^l 

IJ Widans jroup 
]. Lactose fermented 
a ITr*s no? f pow at 50" C. 

1 Starch not liv drub zed not tolr-r ■ ' H . 

'' The biuchetnistrs of the streptococcal b-n n-tu-vttt] bs Kj' ,< . 

Immunol., 1943, *?7 513, and bv Lanceiii Id 1 , iVli, 7> 405 i' 

79 79. 
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1660 

cent., intermedins infections 4 27 per cent., milts infections 20 1 1 n e r cent I _ 
Uon is afforded by Cooper and fit's colleagues (1936) and by W. T Russell ( 1043 ) Jo,!, 
S* t ° f thc different 

t ^ by 4 Mc ^ C ° d t {l i 94 ? ) * " ho includcs data frora many different countries, h 
genera 1 , the predominant strain is far more often of the gravis or iniemedm than 0 [th 
mids type, suggesting that mitis diphtheria is usually endemic, whereas gravis and to a 
less extent intermedins, diphtheria tend to be epidemic. Changes in distribution of tie 
different types may occur from year to year (see Robinson and Marshall 1934, Wright 
194lo, Report 1043). For example, in Manchester the gravis infections rose from 238 
per cent, in 1934 to 50 9 per cent, in 1935 ; in Liverpool they rose from 34 2 per cent. 
In 1937 to 69‘6 per cent, in 1940, It may be noted that in the United States some workers 
have faded to type their strains satisfactorily; the reasons for this cannot be diseased 
here (see Perry et at 1936, Frobisher 1938, 1940, 1942, Seligmann 1941). 


There is further evidence to show that the gravis and, to a less extent, the 
wtennedius types are able to spread more readily than the mitis type in naturally 
immune or artificially immunized populations. What the factors arc that deter- 
mine the greater virulence of the gravis and interinedius types arc still problematical. 
Early observations faded to reveal any differences in the virulence of the three 
different types for guinea-pigs, in the amount of toxin produced, or in the neutraliz- 
abrfity of the toxins by antitoxin. Later observations, however, have tended to 
reveal small but possibly significant differences between them. 


Povitsjky, Eisner and Jackson (1933), for example, found the minimal lethal dose of 
gravis strains for the guinea-pig to be smaller than that of mitis strains ; they also found 
t ** • aravis infectious. Murray 

• • • iard antitoxin against 

• .’types. Gundel and 

Konig (1938) observed that, for protecting animals by active immunization against gram 
strains, a qualitatively better antigen was required than against mitis strains. Gunde 
and Era in (1936) noticed differences in guinea-pigs infected with standard doses of t « 
three types ; those infected with gravis strains died soonest, and those infected w * 
gravis or intermedius strains yielded positive cultures from the internal organs more re- 
quently than those infected with mitis strains. Again, Clauberg (1939), after exatmfuOo 
a large number of toxins grown under standard conditions, reached the conclusion * 
gravis toxins were more potent in producing o skin reaction than mitis toxins an 
their neutralisation required more antitoxin. Finally, Orakov, Andersen, an 
(1944) found that, when the bacilli were injected Bubcutaneously in ft dose of 1U 
into 150-gram guinea-pigs, the gravis strains proved fatal more rapidly than the m r« ^ 
or nulls, and at the site of injection the organisms were more abundant, there * 
phagocytosis (see also Orr-Ewing 1940), and the cedenui fluid contained muc more 

Some observers have noted a relation between the iron content of 
media and the potency of the toxin produced (Pappenhcimcr and Johnson - 

Happold 1940) ; and Mueller (1941) puts forward the interesting ^ , 

in the human body, where iron is abundant, gravis strains may e 
toxin producers. Zinnemann (1943), who grew strains of different type 
medium having an iron concentration similar to that in the bo , carried out 
some evidence to support this suggestion. His further o sen a 1 , 

the guinea-pig’s skm, failed to reveal any difference m he 
formed by the different types and led him to conclu e / ■ 

of gravis and m term'd*, infections is due to the greater amount of toxin P» 
by these types in the body (Zinnemann 1946). 
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Streptococcus salivarius * 

Streptococcus mitis 
n. Starch is hydrolyzed, bile tolerant 
Streptococcus bovis 

b. Grows at 50® C. 

Streptococcus thermophilus 

2. Lactose not fermented 

Streptococcus equinus 

C. Lactic Rroup 

1. Maltose 4 -, dextrin -f*» ammonia from peptone 

Streptococcus lactis 

2. Maltose — , dextrin — (usually), no ammonia from peptone 

Streptococcus cremorts 

D Enterococcus Rroup , Lancefleld Croup D 

1. Not /3 hemolytic 

a. Does not hydrolyze gelatin 

Streptococcus fecalh 

b. Gelatin hydrolyzed 

Streptococcus liquefaciens 

2. p hemolytic 

a. Mannitol +, sorbitol 4* 

Streptococcus zymogenes 

b. Mannitol — , sorbitol — 

Streptococcus durans 
II Microactophilic or obligate anaerobes 

Streptococcus anaerobius 
Streptococcus foetidus 
Streptococcus putndus 
Streptococcus lanccolnlm 
Streptococcus micros 
Streptococcus parviifiis 
Streptococcus intermedins 
Streptococcus evoltitm 

Most of these species are generally accepted and it will be clear from the 
foregoing discussion that all members of Group A are known as Str. pyogenes, 
the immunological varieties within the group being types of Str. pyogenes. Two 
species are included in Group C. The name Str. zooepidenucus is a new one 
introduced m the Bergcy (1948) classification, it does not replace another 
name but rather gives species status to the animal pathogens v this group tor 
merly casually known as “animal pyogenes*' which rarely if ever occur in man. 
The other species, Str eqtitsiviilts, includes those streptococci formerly known 
as “human C’’ and which are uncommon m lower animals Of the ^hemo ytic 
Streptococci found in man, 95 per cent or more are Group A and there ore 
Str. pyogenes, and the remainder. Group C, are Str. eqtnshmlts, 
being made by the precipitin test, using group-specific antisera. O t e 8*®^ 
streptococci found in man, the most common are Str. fecalis of the enteroco 
group and Str. mitts and Str. salivarius of the viridans group, o ar 
etiology of streptococcal infections in man is concerned this i cren i 
and that of Str. fecahs and Str. Uquefactens. is unimportant; in act i i ^ 
to serious question as to whether the last should be regarded as o e 
variant of Str. fecalis The identification of streptococci whic o no ^ 

* May be confused with the pneumococcus because it ferments mu > 
ttnguished by its lack of bile solubility. 
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n J Z, r° r,0l6,i l til “ t 1 th » “ MtMt 0 0218 in fto formula quoted above i-a-,.,, 
ttat about S per cent, of those carrying on an y orw day hare ceased to carry on the dt 
following. In order to determine whether this rate of clearing held trno in m'Aa 
apphedonlyto this particular sample, figures collected from various published reports acre 
analysed in the same way. It was found that the general form of the curve was very simX 
m each case, i.e. the logarithmic relation between carrier rate and time held good but 
the value of the constant varied very widely, such figures aa 0 018, 0 093, and 0 202 hew* 
obtained, Some adjustment is necessary because, in certain of these series, the test of 
clearance was a emglo negative swab, but the value of tho constant in Hartley and Martin’s 
eenes would only be altered to 0 032 on this basis, so that the rate of clearing under different 
conditions varies considerably— a fact which seems to merit further investigation. 


A larger and equally illuminating series of figures recording the apparent rate of 
disappearance of diphtheria bacilli in convalescents at the North 'Eastern Hospital was 
published by Thomson, Mann and Marriner (1928-29;. Nose and throat swabs from 
proved cases of diphtheria wore taken once during the 2nd and once during the 3rd week, 
and after that twice a week till six consecutive negative cultures bad been obtained. Cases 


TABLE 107 

Disappearance op tub Diphtheria Bacillus from the Throat. 


1 

1 Says alter Admission. 

Number carrying 
(observed). 

Number carrying 
(calculated). 

4 

392 



) to 

302 

310 


232 

242 


194 

189 

26 

166 

147 

30 

118 

115 

1 35 

92 

89 


70 

70 


62 

54 

! 50 

41 

42 


in which the bacilli persisted for over 12 weeks from the beginning of the illness 
regarded as earners. Of 3,208 cases investigated, 242, or 7-5 per cent., became camera. 
Table 108 shows the proportion of cases, exclusive of carriers, that became negative 
successive weeks. . , , m 

It will be seen that infection disappeared from the throat much quicker taan 
the nose. Analysis of these figures showed that when the throat only was a ec e 
rate of clearance was practically the same at all ages, but that when the nose or ” 
throat were affected the rate of clearance was slower in younger than in ol e p 
Of 285 carriers on which information fe afforded, including the 242 alrea y ' , ' 

255. or 89 5 per cent., were infected in the nose or nose and throat, 26 m ft® J d 

and 4 in the ear only. The average time spent in hospital was roughly ' n . 

the longest 21 months. The age distribution of the total cases i » not P ve ”’ b J ceD( . 

tioned that 55-7 per cent, of the carriers were under 7 years of age and n } 

over 13 years of age. , f A^wpeatanc* 

Wright (1941a). who records his experience at Liverpool on ibe i rate 
of diphtheria bacilli from the nose or throat of 311 convalesccn pa 1 * iotetf > 3 t/ng 

similar to those recorded by Hartley and Martin 

observation that clearance was most rapid in patients mfecte weekly interval* 

slowest in those infected with the gravis type. Examining swa ffas 0 ft*i 

and inoculated on to tellurite blood agar slopes, be found that a negative 
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the Lancefield groups is, of course, a matter of detailed biochemical study the 
details of which may be found in Bergey (1948) 

Pathogenicity for Animals. As indicated above, certain of the strepto- 
cocci are responsible for specific diseases of domestic animals. Str. eqin is the 
cause of strangles in horses, a suppurative infection of the upper respiratory 
tract that is characterized by abscess formation in the throat and submaxillarv 
region. This species is apparently not pathogenic for man. Other strains of 
Group C infect horses, causing respiratory catarrh and suppurative lesions in 
various parts of the body The most common cause of streptococcal mastitis m 
the cow ts Str. agalactiae which produces a chronic infection that is, as a rule, 
more common in older cattle The infection is probably spread by the hands of 
the milker for the most part Mastitis may also be caused by Str. pyogenes and 
may result in the spread of milk borne streptococcal infection of man; it is 
probable that the source of infection is man and that Str. pyogenes does not 
occur naturally in the cow. Various other suppurative conditions, often involv- 
ing infection of lymphatic tissue in animals such as the dog, sheep, etc., are of 
streptococcal etiology. Usually these are p hemolytic streptococci of groups 
other than Group A, but there are a few reports of spontaneous infections of 
lower animals with green streptococci. 

Str. pyogenes is pathogenic for most laboratory animals, including the 
mouse, guinea pig and rabbit, but different strains vary widely in virulence 
for different animals, virulence may, of course, be enhanced by animal passage. 
Intravenous inoculation of virulent strains results in a fatal septicemia, sup- 
purative peritonitis developing into septicemia follows intraperitoneal inocula- 
tion, and subcutaneous inoculation produces an abscess from which the infec- 
tion may or may not spread Str. agalactiae is of low virulence for experimental 
animals, and Str. equi is highly virulent only for the mouse. The green strepto- 
cocci are also relatively avirulent for laboratory animals but may produce 
local infections on intravenous inoculation following injury; such techniques 
have been used to produce experimental arthritis lesions in the rabbit. 

Pathogenicity for Man. The streptococci are responsible for a wade 
variety of diseases of man, perhaps a greater variety than any other kind of 
bacteria and, in addition to being the primary' cause of disease, they have a 
marked tendency to occur in mixed and secondary infections with other patho- 
genic bacteria. In general the streptococcal infections are characterized by sup- 
purative lesions and very often manifestations of toxemia, the latter taking 
the form of the so called non-suppurative complications of the infection and 
including fever, arthritis, carditis and nephritis They vary in the extent to 
which the body is imolved, from local infections such as abscesses of the 
various tissues, including mucous membranes, joints and serous membranes, 
infection of the muscle or cellulitis which simulates gaseous gangrene, sup- 
pu rathe processes in all kinds of wounds, etc., to those generalizing to pyemia 
or septicemia Some streptococcal infections have no distincthe clinical mani- 
festations, thus an abscess caused by streptococci is not distinguishable from 
one of staphylococcal etiology. Others, however, such as erysipelas, strepto- 
coccus sore throat, scarlet fev er, and the like have to a greater or lesser degree 
some distinctive clinical character. 

The p hemolytic streptococci arc by far the most virulent and, as indi- 
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predominantly^™,,-, type by a mi, is (Report 1949) ; this supports the conelusm 
reached on other grounds that the mxtis type is better able than the more tom 
organisms to establish a commensal relationship with the host (see Leete 1945 ) 
(For genera] study of epidemiology of diphtheria, see W. T. Russell 1943) 


The Diagnosis of Infection in Diphtheria. 

The laboratory diagnosis of infection with diphtheria depends on the demon- 
atration of the causative organism. Though we are concerned here more with 
general principles than with technical details, it will be convenient to describe 
the current practice in most British laboratories. In the past chief reliance was 
placed on examination of a direct smear, and on the microscopic appearance of 
the growth on a Loeffler slope culture. Since the differentiation by McLeod and 
bis colleagues (Anderson et al 1931, 1933a, b) of three different colonial types of 
diphtheria bacilli on tellurite blood agar, and since the agreement reached by 
numerous workers on the advantage of using a selective medium, the study of 
the colonies developing on tellurite plates has assumed increasing importance in 
the laboratory diagnosis of diphtheria. Not only does the isolation of diphtheria 
bacilli in the form of single colonies carry greater assurance than their demon- 
stration morphologically in a film containing numerous other organisms, but the 
recognition of their type— gravis, intermedins, or mitts — proves often of epidemio- 
logical and sometimes of clinical interest. We may outline the general procedure 
to be followed and the interpretation of the results in looking for the diphtheria 
bacillus in suspected cases of the disease, and in convalescents, contacts, and 
suspected carriers. 


Suspected Cases of Clinical Diphtheria. 

By examination of a smear made directly from the swab and stained preferably 
by the wet-film technique, it is sometimes possible to make a presumptive diagnosis 
of diphtheria. Though this method is advocated by a few workers, the majority 
of bacteriologists do not regard it with favour. It is restricted in its usefulness 
to throat swabs from children, and even in these the proportion of positive resu (s 
in true cases of diphtheria is often fairly low. Though it should not do so, a nega 
tive result serves as an excuse to many practitioners to withhold serum for trea 
ment. A preliminary negative report on a direct smear has frequently to e 
followed by a positive report on culture , thus confusing the practitioner and ea 
him to doubt the accuracy of the laboratory’s findings. Moreover, the ^ 

in preparing and examining direct smears may often be spent more pro 3 I 
other ways. Without denying the value of the method in special cases, mo 
bacteriologists are agreed that for routine work it is much better aban one . 
some laboratories a film is made from throat swabs and stained for tec ar3 , 
istic spirilla and fusiform bacilli of Vincent’s angina. If these organisms are 
microscopically in the cultural absence of diphtheria bacilli and ® 80 . ^ 

streptococci, they may afford an explanation of the clinical condition o c P 
and may be reported without prejudicing his treatment. . •» ^ 

In the routine cultivation of swabs from suspected cases o *P tellurite 
advisable to inoculate each swab on to a slope of Loeffler s serum, a pa ^j aaT y 

blood agar, and, for the detection of lucmotytic streptococci on ■ p„j- 

blood agar plate. All three cultures should he examined 12-15 b ? vis t he 
tive results obtained on both Loeffler anil tellurite, or on tellurite alone, 
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cated above, the great majority of. those infecting man are of Group A, Str. 
pyogenes. The small proportion of infections with Group C streptococci art* 
not distinguishable from those of Group A except by isolation and im- 
munological typing of the etiologic agent. The pathogenicity of these bac- 
teria is accounted for to a considerable degree by the soluble toxic substances 
they produce. The most clear-cut example is that of the relation of the 
crythrogcnic toxin to scarlet fever, but it is highly probable that other toxic 
substances also play a part in the development of the pathologic condition. 

It seems plausible that the pronounced invasive tendencies of the strepto- 
cocci are due in part to the elaboration of hyaluronidase by those varieties 
that are not encapsulated with hyaluronic acid. The association of fibrinolysin 
with virulence seems definite, so much so that this activity has been termed 
invasin by some workers. The role of the streptolysins in the development 
of the pathology of streptococcus infections is not too clear. Both strepto- 
lysin S and streptolysin O are toxic for experimental animals, the former 
causing death through intravascular hemolysis. The mechanism of the lethal 
action of streptolysin O is not known; it may possibly be related to the eardio- 
toxic action of this substance described by Bcrnhcimcr. There is some reason 
to believe that the destructive effect of streptococcal filtrates on polymor- 
phonuclear leucocytes, attributed to the presence of a Icucocidin, is closely 
related to or identical with streptolysin O, but in any case this activity may 
make up a significant part of the invasive and pathogenic properties of the 
streptococci. While the streptococci contain no endotoxin in the usual sense, 
it is of interest that the presence of the type-specific “M” antigen is asso- 
ciated with virulence, and antibody to it is protective while antibody to the 
type-specific “T” antigen is not. 

In general, then, while knowledge of the mechanisms of the pathogenic 
action of the hemolytic streptococci is far from complete, there is a con- 
siderable body of evidence which indicates that the production of disease is 
due at least in part to the action of the several toxic substances formed > 
these bacteria. As indicated earlier, strains of streptococci differ with respect 
to the kinds and amounts of such substances that they produce, and t us 
variability accounts m part for the differences in disease they may PJ? u< "f 
Thus, both strains which produce crythrogcnic toxih and those w ic o 
not may produce septic sore throat, but only the former can produce scar e 
fever also. These are not the only factors, of course, and the route o m c , 
non and immunity of the host are significant also; for examp c, . W0 V" 
infection and streptococcal sore throat involve different routes o in , ^ 1 ' 
and an erythrogenic toxin-producing strain can produce sore throat 


scarlet fever in the immune. , v ; n] Ient 

Streptococci other than the ft hemolytic varieties are much ess 
The a hemolytic forms constitute, as pointed out elsewhere, a por j 

normal bacterial flora of the mouth, upper respiratory tract : an i . ^ 
tract. It is probable that they seldom initiate infection of the ea \y 
but when natural resistance has been reduced they may e a ® , e teet f, 
low grade, essentially localized infections such as focal a stresses 1 . j 
and gums They are the most common cause of subacute a .. j e 

carditis but, while the condition is a serious one, the in ec ion 
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Locfller slope and a tellurite plate and the growth examined the follow du- 
ff” BraM y cl «!■ 1035). Occasionally strains of diphtheria bacilli are met with 
that arc unusually sensitive to potassium tellurite, and may not develop on nrimirr 
culture in the presence of this substance ; to avoid missing these, a Ueffiei mi 
culture is a valuable safeguard. On the other hand, the presence o/aopattnflr 
typical diphtheria bacilli on Locfller hi the complete absence of diphtheria colonic! 
Oil tellurite must always he regarded with suspicion, and a final positive wpoit 
should never lie sent till diphtheria bacilli have been isolated in pure culture by 
plating the Loeffler slope growth on to chocolate blood agar or tellurite 
blood agar. 


The routine use of a tellurite Wood agar plate is of value partly because it 
increases the proportion of positive results, and partly because it enables the typ< 
of the infecting organism to be determined. By careful examination of the colonial 
form under a binocular dissecting microscope and of the morphology of the wgan- 
isms in a wet'Staiaed film, or even by nigrosin (Fleming 1941), many workers cl 
experience can assign correctly the majority of cultures to the grain's, intermedm, 
or milis types ; but it is always wise to confirm this preliminary identification 
by means of fermentation and, if necessary, virulence testa. 

Shone, Tucker, Glass, and Wright (1939), who made a very careful study at 
Liverpool of the comparative merits of Locffier and tellurite in the diagnosis d 
diphtheria cases, found that of 1,501 strains of diphtheria bacilli 924 per cent, 
were recognized on both a LoefHer slope and a tellurite blood agar plate, 2-3 per 
cent, on LoefHer only, and 5-3 per cent, on tellurite only. The failures of the 
Loeffler medium seemed to be due partly to the scantiness of the diphtheria bacilli 
in some cases and the consequent difficulty of finding them among other bacteria, 
and partly to the atypical appearance of certain strains, especially those of the 
gravis type. The chief disadvantage of the tellurite medium Jay in the slow growth 
of some Btraina of the mlis type. Copper and his colleagues (1940), who made 
a similar series of observations in McLeod’s laboratory at Leeds, found that a 
tellurite blood agar plate yielded at least 10 per cent, more positive results than 
a "LocHler slope, and ‘led. to 'less 'likelihood ol _ missing severe no*. oil 
the very short form of intermedins type of diphtheria bacillus was found to 
difficult to distinguish from unusually granular Hofmann strains. The 
on Loeffler’s medium at Liverpool were more favourable than those obtained i 
many other laboratories, probably because Wright and his colleagues a spe 
two years’ intensive work checking the accuracy of their microscopica ' 
In the hands of less skilled observers the proportion of true positive result 
Loeffler would have been lower, and a number of false positives wou a 
certainly have been, recorded (sec Cruickshank 1943). 


Convalescents, Contacts, and Carriers. 

In swabs from convalescents, contacts, and earners diphtheria bacil i _ a F® 
ally fewer than in those from cases. The use of tellunte me mra in e 
is not only an advantage ; it is almost imperative. >umerons wor mei ; m 

that approximately twice as many positive results are obt 1 oR ,„ 8 | 0 v, 

us on Loeffler’s serum. The development of the colonies 1 , ' n ;[]CI|iM |ri 

and a negative report should rarely be made till the p a . . , d tk 
for 48 hours In contacts diphtheria harfh ,,e 

incubation period (Wiklfuhr 1919). 
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or no tendency to spread throughout the body in spite of the frequent pres- 
ence of the streptococci in the blood stream. Similarly, the a hemolytic strep- 
tococci are associated, probably causally, with rheumatic fever and arthritis, 
but the lesions are local and hypersensitivity to the streptococcal cell sub 
stance may be of considerable importance in the development of the disease. 
Of the anhemolytic streptococci, most are harmless saprophytes found in 
milk and dairy- products, and these forms have been definitely associated only 
with subacute bacterial endocarditis, and then in a very small proportion of 
cases 

Epidemiology of Streptococcal Disease. The primary source of patho 
genic streptococci is the human being who carries these bacteria in the 
upper respiratory tract. The infection may not be associated with symptoms 
and Group A and f} hemolytic streptococcus carrier rates of 4 to 25 per cent 
have been reported by various workers. Those with overt symptoms of dis- 
ease such as tonsillitis, pharyngitis, sinusitis and scarlet feser are, of course, 
prolific sources of infection The importance of the carrier in the dissemina- 
tion of streptococci has been studied extensively by Hamburger and his 
co workers 23 who have shown that, while streptococci may be present in the 
saliva as well as in the throat, and discharged by sneezing, coughing and 
contamination of the hands, the nasal carrier is by far the most dangerous 
and contributes very large numbers of streptococci to his environment Not 
only is the carrier the source of infection, but the fact that streptococcal 
disease may take a variety of clinical forms must be borne in mind In an 
epidemic of scarlet fever, for example, the cases of pharyngitis and rhinitis 
are quite as important as those of frank scarlet fc\cr, ic, those showing a 
rash, in the spread of the infection, in fact many workers record the in- 
cidence of scarlatinal rash in a given epidemic rather than differentiate scarlet 
fc\er from other streptococcal infection of the upper respiratory tract 

The transmission of streptococci from the infected person to the susceptible 
individual is in part a matter of direct contact and in part one of contamina- 
tion of the environment, as Loosh and his co-workers- 1 have pointed out. 
Direct contact may include inhalation of infective droplets expelled from 
the nose and mouth, hand to hand contact, etc., while contamination of the 
environment is the contamination of the air with droplets too small to settle, 
and through air and droplet infection the contamination of dust. Direct con- 
tact with the hands no doubt accounts for wound infection, puerperal fever, 
infection of the udder with Str. pyogenes to produce mastitis and milk-borne 
streptococcal disease, and possibly infection of the upper respiratory tract to 
a certain extent. Most upper respiratory tract infection is air-borne, either 
directly or through the agency of resuspended infected dust The impor- 
tance of the last is very great indeed (p. 231), and dust suppression meas- 
ures such as oiling of blankets in hospital wards sharply reduce the in- 
cidence of streptococcal infection. 

Immunity to Streptococcus Infection. Antibodies to the streptococcus 
cell substance and to the antigenic soluble products of these organisms arc 

Hamburger el al • Jour Inf. Dis., 1944, 75:58, 71, 79, ibid., 1945, 77 68, 96, Jour. 
Amcr. Med. Assn , 1946, 130 836, Jour. Inf. Dis., 1946, 79.33. 

21 Loosh el al.' Jour. Inf. Dis., 1948, 82 59, 72. 
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of filter paper impregnated with diphtheria antitoxin containing 1.000 nnil , wr . 
implanted m an agar plate while the medium is still fluid. IVhen the 0 "ar ITL k 
organism to be tested is streaked at right angles to the strip. II S* ™ 

precipitates the antitoxin ,n the form „f double arrow-headed fines, the exact const, 
tion and thickness of which depend on the occurrence of optima} proportions of toxin and 
antitoxin in different parts of the plate. This test has the advantage of rap/dicr «»*. 
with most strains the results can be road within 24 hours. Good agreement L re'mtd 
between the tn v t (ro and m vivo methods (Ouchterlony 1949, King et (tl. 1949). 


The Diagnosis of Susceptibility or Immunity to Diphtheria. 

Modern methods of diphtheria control depend almost as much on distinguisiicg 
between, the susceptible and resistant members of the human herd as on diagnosing 
cases and carriers. The technique that first enabled us to do this on an adequate 
scale was the test introduced by Schick (Michicls and Schick 1913a, b, Schick 1913). 
It is performed as follows. 


The test toxin ia stored in a relatively concentrated solution, and when required for 
use is diluted so that one Schick dose is contained in 0 2 ml. Part of this diluted torn 
is heated to 70° C. for 5 minutes, to serve as a control. Into the flexor surface of one 
arm 0-2 ml. of the unheated toxin is injected intradermally, care being taken that the 
injection is made into the substance of the dermis in such a way as to raise a definite bulla. 
Into the flexor surface of the opposite arm is injected 0 2 ml. of the heated toxin. Tte 
reaction to the toxin develops at a varying rate. In some persons a positive reaction 
is evident after 24 hours, but in others it is not fully developed for a week. From the 
observations of Donnie and his colleagues (Report 1942), the best times to make readings 
would appear to be the 4th and the 7th days ; if only one reading can be made, the 7th day 
should be selected. The following types of reaction may be observed to the toxin and 
the control: — 


(a) The negative reaction— no reaction of any kind in either arm. 

(ft) The positive reaction — no reaction in the control arm. 

In the test arm a circumscribed red flush appears generally after 24 to 3(5 hours, 
reaching its maximum development on the 4th to 7th day. At this time w ers 
is a circular area, 1-2 cm. in diameter, slightly raised above the general surfice 
of the skin. This slowly fades during the following few days ot more, leavw 0 
an area of brownish pigmentation, with a desquamating epidermis. 

(c) The pseudo-reaction (negative). — This reaction, which is of the characteristic a ergjC 
type, develops equally in both arms during the first 24 hours. It is less s tjfj 
circumscribed than the true positivo reaction, and fades much more wp; .!• 
By the 4th day it has usually disappeared, leaving some slight degree o 


or brownish discoloration. 

(d) The combined reaction (pseudo -f* positive). 

The control arm shows the succession of changes referred to ulv “ eC 0 *7. , 
reaction. The reaction in the test arm is almost indistinguishab e mm 
the control arm during the first 24 hours. After this time t e waejo 
test arm continues to develop, while that in the control arm commei n . 

By the 4th day the difference between the two arms is usua ly qui o 

The positive and combined reactions are generally regarded as ' “jtSig 

bllity. More precisely they show that antitoxin is either airaen ™ „ pond" 

blood or is present in only very small quantity. At one time it w 6 om 

reaction showed that there was less, and a negative reaction a (Iil , P ,tkr 

1/30 unit of antitoxin per ml., but further experience has renders p (a «r 

reaction may occur over a fairly wide range of antitoxin values I(||0 pww 

and Halpom 1035, Uach and Peril 1930, Parish and Wright W3S,aheI.in<ier 
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formed following immunization or infection. In the case of Str. pyogenes, 
the former include the type-specific “M” and "T" antigens as well as the 
group-specific C substance. In the latter group are the crythrogenic toxin, 
streptolysins S and O, hyaluronidasc and fibrinolysin. Antibody formation 
has no diagnostic utility' in .acute streptococcus infections, in part because 
there is not sufficient time for antibody formation during the course of the 
disease, at least in its early stages, and in part because isolation, and typing 
if desirable, of the infecting microorganism are relatively simple. Antibody 
titration is useful, however, for diagnosis in retrospect, so to speak, in asso- 
ciating streptococci with diseases such as rheumatic fever and arthritis, and 
for the determination of susceptibility to scarlet fever on the basis of anti- 
body to the crythrogenic toxin. 

The immunized animal responds to the cell antigens of streptococci with 
the production of precipitating and agglutinating antibody, and the use of 
such antisera makes possible the immunological grouping and typing of 
these bacteria discussed earlier. The immune response of man to these anti- 
gens during the course of infection appears more often to take the form of 
the development of a hypersensitivity, especially in the rheumatic diseases, 
and the immunological response may he measured by intradermal inocula- 
tion of soluble streptococcal antigens.-’*' More often, however, serum is 
titrated for antibody to streptolysin or fibrolysin by in vttro methods. Quite 
aside from the question of the etiology of such diseases, it is clear that the 
occurrence of such antibodies in the human population is not uncommon, 
as might well be expected from the frequency with which streptococcal in- 
fection occurs, and it is clear that such infections do give rise to an antibody 
response. The crythrogenic toxin also stimulates the formation of specific 
antitoxin, following both clinical scarlet fever and immunization with tne 
toxin, and. like diphtheria antitoxin, the incidence of its occurrence rises 
with age, indicating that immunization occurs without the intervention or 
clinical scarlet fever. Intradermal inoculation of crythrogenic toxin gi' es f 
skin test, analogous to the Schick test in diphtheria, which allows ^ ie J" st ‘ 
mation of the immunity of the individual to the toxin. This test, the IJic 
test, is discussed m the later section on scarlet fever. Antibody to the eryt ro- 
gcnic toxin cannot be titrated by in vitro methods, or to a satisfactory egree 
in experimental animals because of their relative lack of susceptibility to its 
action. . . 

Differentiation must be made between an immune response in 
technical sense of antibody formation and an effective immunity vv ie Pj_ 
vents and/or modifies the infection or disease. The only immunity to s rep ^ 
coccal disease that is unquestionably effective is immunity to the try ^ 
toxin, which is reflected as immunity to the clinical disease scar et ^ 

general, however, immunity to streptococcus infections is of a ow 0 • ,_ n 

in any case transient That some degree of effective immunity to ^ ^ 
type of streptococcus may be produced is indicated by rcc0 'f r X • a j s0 
elimination of the infection in naturally occurring disease, an 
some experimental evidence of the existence of an effective immun 

, „l 1Q44 49 209, low > 

25 See, for example, Taran, Jablon and Weyr. Jour Immun ., 

1945. 51:53. 
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immunization. The last method comprises both active immunization by means 
of an antigenic preparatmn now usually referred to as diphtheria propL fc 
and passive immunization conferred by the injection of antitoxic serum Pa Z 
immunization, because of its transitory nature, has a very restricted application 
and will be dealt with later (p. 1589). For all ordinary field purposes active W 
ization is employed. An adequate understanding of the principles that govern 
the application of this method to the control of the disease is so important to tie 
medical practitioner and the medical officer of health that the relevant finding 
must be set out in some detail, We shall begin by describing the various tom 
of diphtheria prophylactic and their standardization, proceed to a consideration of 
their application under varying conditions in practice, and then discuss some of 
the results that have followed their use in mass immunization. 

The Various Forms of Diphtheria Prophylactic. 

As early as 1892 von Behring and Wernicke showed that susceptible animb 
might be safely immunized by inoculating them with increasing doses of living 
culture after a protective dose of antitoxic serum. Six years later hlihansroff 
reported successful results from the inoculation of a few doses of toxin neutralized 
with antitoxin ; and Dreyer, in 1900, proposed the use of toxin-antitoxin mixtures 
during the early stages of antitoxin production in horses. For various reasons 
there was a long lag before similar methods were applied to man ; and it was 
not till 1913, when von Behring reported the successful use of a toxin-antitoxic 
mixture for the immunization of children, that inoculation against diphtheria 
entered the field of prophylactic medicine. From then onwards the use of such 
mixtures for the active immunization of children developed very rapidly, particu- 
larly in the United States under the influence of Park and Zingher (Park 1913, 
1918, 1922, Park and Zingher 1915, 1916, Zingher 1921, 1922). Toxin-antitoxin 
mixtures were found to be not without danger (see Park and Schroder 1932), and 
after the discovery by Qlenny and Sudraersen (1921), Glcnny and Hopkins (1923), 
and Hamon (1923, 1923) that diphtheria toxin could be so altered by treatment 
with formalin as to deprive it of its toxicity without destroying its antigenic P° w * r > 
formol toxoid, or anatoxin as it is called in French-speaking countries, J 
began to replace the older mixtures. The further demonstration by Gleany ( > 

that formol toxoid could be improved by precipitation with alum has now p 
at our disposal an agent of high antigenic potency which, w v en properly prepare 
and used, can be relied upon to give a fairly high degree of protection og ms 
diphtheria. (For review of prophylactic agents, see Hartley 1919.) 

Toxtn-Anlltoxln Mixture. — In preparations of this class sufficient antitoxin . 
to neutralize the toxic effects of the toxin without completely destroying i 
activity. The toxin, that is to say, is under-neutralized. Though vciy sa is ry ^ 
have been obtained by the use of such mixtures, a few accidents ^ 
union of toxin and antitoxin is unstable and is liable to be ^trwbcd by unsudable 
of preparation or of storage. In one instance, in which 5 deaths an f 0T „ e tfah^i 

followed the use of this prophylactic (see Forbes 1927), it ™|foun ^ in tbc comet 
of the Donysz phenomenon, the toxin had been added m a t fixture 

toxin-antitoxin ratio. In another instance a particular F _ ‘ ™ reactions, whereas 

that had been frozen was found to have caused severe ^ „. ifil0IJ t Bny«« 

other phials of the same batch that had not £*»*£* * ^ b of guch fixtures 
toward results. Further investigations revealed that tfiefrcc g tbal ft* 

quently resulted in a considerable me m toxicity. Pope ( 
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son, Rothbard and Swift,* 0 for instance, ha\c shown that a nasopharyngeal 
carrier state induced in monkevs resulted in an increase in antistreptohsin 
O titer of the serum and a resistance to reimplantation with the same strain 
that persisted for some months. Unfortunately such immunity appears to be 
type-specific and, as pointed out earlier, associated with antibody to the "M” 
antigen, and there is only a small degree of cross immunity. With the mul 
tiphcitv of streptococcus types in the species Str. pjogencs, an effective 
immunity to streptococcus infection appears to be a somewhat impractical 
end. 

Bacteriological Diagnosis of Streptococcal Infection. The isolation 
of streptococci from specimens of pathological material is ordinarily not diffi- 
cult An enriched medium is required and blood agar is the medium of 
choice, for both o hemolvsis and p hemolysis arc apparent. Overgrowth by 
Proteus in cultures of some kinds of specimens may be prevented by includ- 
ing 0 02 per cent sodium azide in the medium. Most specimens, such as 
throat swabs, pus, etc., may be streaked directly on blood agar but enrich 
ment culture, as in veal infusion broth containing 0.1 per cent dextrose 
and 0.1 per cent phosphate buffer, should be made with blood taken for 
culture, incubated for tvvcnlj-four hours, and then streaked on blood agar. 
If there is reason to believe that the specimen contains sulfa drug, its bac- 
teriostatic effect may be neutralized bv including 5 mg. per 100 ml of 
p-ammobenzoic acid in the medium 

The colonial morphology is typical in the case of p hemolytic streptococci 
and the characteristic chains of cocci may be found in gram-stained smears 
Green streptococci from sputum and similar specimens must be different! 
ated from pneumococci by inulin fermentation and bile solubility. The 
hemoljtic streptococci may be typed by agglutination with tv pe-spccific 
antisera and by the precipitin test. For the latter the sedimented bacteria 
from a 250 ml broth culture are suspended in 10 ml. of N/I0 IICI in saline, 
boiled for ten minutes, cooled in running water, and the insoluble material 
spun out to lca\e a clear supernatant to be used as the antigen Consider- 
able economy of reagents may be effected by setting up the precipitin test 
as a ring test in capillary pipettes, the precipitate at the scrum-antigen 
interface m3y be observed with a hand lens 27 

STREPTOCOCCAL INFECTION OF THE SKIN AND SUBCUTANEOUS TISSUES 

Erysipelas. The ability of streptococci to infect the skin and adjacent 
tissues is well illustrated m erysipelas, an inflammatory disease of the skin 
caused by Sir. pyogenes There is some evidence that attack of the disease is 
preceded by streptococcal infection of the throat or elsewhere in the upper 
respiratory tract, and it has been found that some individuals at least have 
the same immunological tjpe of streptococcus in the throat as in the skin 
lesions It is not clear whether the skin is directly invaded, or whether the 
microorganisms reach the area by some internal route, but the latter is only 
suggested and by no means established. The ctiologic relationship of Sfr. 
pyogenes to the disease is indicated by its presence, frequently in enormous 

20 Watson, Rothbard and Swift Jour. Exp. Med.. 1946, 84 127. 

27 Swift, Wilson and Lancefield. Jour. Exp Med, 1943, 78*127. 
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as A.D.F '..consisting of toxoid-antitarin floccules adsorbed on to alumnuum pj™,^, 
Sn f!t o'r A.i> T aVC aS ° rC ’ FOn,e “ nd <=“u^dfe«orand km K J„Z x ., 


Active Immunization. 

To produce a high degree of immunity against diphtheria by prophylactit 
inoculation, account must be taken of the nature of the prophylactic, the dosage, 
and the interval between the doses. Other factors, such as the latent imrnunm- 
bility of the population (Dudley, Mny, and O’Flynn 1934), and possibly the volnmr 
of the fluid in which the prophylactic agent is injected (Hartley J935i), may ia-v 
cncc the result, but need not be considered here. 

Of chief importance is the antigenic quality of the prophylactic. As was pointed 
out in the last section, methods of standardization are still imperfect, and unless 
a high standard is set, batches of prophylactic may be issued that are unable to 
stimulate a satisfactory immune response. Even an increase in dosage as much 
as fivefold may fail to atone for a qualitatively poor antigen (Fulton et al 1912) 


Several careful studies have been made on the efficacy of different types of diphtheria 
prophylactic, ns judged by the Schick-convcrsion rate or by the amount of antitoxin 
appearing in the blood serum (sec, for example. Park and Zingher 1915, 1916, Park 192.', 
Ramon 1926, Kundratitz 1927, Parish and Okell 1928, Martin, Loiscau, and Laffaille 
1928, Ramon and Dcbrv 1931, Scligmann 1931, McGinncs, Stebbins, and Hart 1934, Haine 
1935, Fraser and Hnjpem 1935, 1937, .Jensen 1937, Farag6 1940; for references to results 
of two doses of A.P.T. Phch and Schmid 1938, Chesney 1939, Fulton et al. 1941, Le«u 
1941, Volk and llunney 1939, 1942a, Freeman 1942 ; and of tw o doses of P.T A P. Sous 
field et al. 1948, Mackenzie 1930). The findings may be summarized by saying that tao 
properly spaced do-.es of A. P.T. or I’.T.A.P. result in an average Schick-conversion rate 
of about 98 per cent., whereas with other prophylactics this high rate may be dosey 
approached, but is seldom equalled. 

The choice of prophylactic must be determined not only by its immimitb’S 
quality but also by the degree of local or constitutional reaction to which it{p TO 
rise on injection. In general, toxoids precipitated with alum or aluminium p M 
phatc are more irritant than plain fonnol toxoid or toxoid-antitoxin rau: j'? r ^ 
Reactions are commoner in persons giving a negative, a pseudo, or a con® M 
response (see p. 1576) to the Schick test than in those responding to the 
alone, and are seen more often in older children and adults than in infants wy® ^ 
children It is wise, therefore, when immunizing subject.-, oyer 10 years o 
either one of the less irritant prophylactics, such as T. A.F , or, if an alum-preeip 
toxoid is selected, to give it m small dosage. To judge the subjects sensi i ^ 
the Schick test may be earned out beforehand The response to t es . ’ p w. 

does not afford an infallible guide to the probable reaction t° 'P er .^, , uce( j 

actic. For this reason the Moloney test (Moloney and Fraser 1 - ) '\ aS 1 , 

An injection of 0 2 ml. of a 1/20 dilution of formol toxoi IS , rna . , e ! imraU oizcd 
Any person giving more than a minimum local reaction s ou se !don 

cautiously. This test likewise is by so means infallible and in pro 
used (see Boyd 1946) 6o m ot „ 01 , 

The irritant effect of diphtheria prophylactic may ^ el * toxoid ff ae 

specific origin. Adult subjects tested with * r u ” ficd ’ b “ J in3 reacte d sometimes to « 
tion and with a fraction containing non-toxic dtphtherl p ., h( . r . pactions veK 

sometimes to the other, sometimes to both, »nd sometimes t • KesctioaS » 

much more common in Schick-negative than m Sch.ck.pos.t.ve sum 
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also frequently persist in tonsillar crypts in a chronic type of infection which 
may flare up periodically in an acute form. Streptococcal tonsillitis, sinusitis 
and otitis media are, then, a part of the pathology of hemolytic streptococcus 
infection of the throat. In addition to such extensions, the effects of toxemia 
on other parts of the body are evident as carditis, nephritis and arthritic 
involvement of the joints. As in the case of scarlatinal rash noted earlier, the 
character of an epidemic is often recorded as percentage incidence of these 
various sequelae. 

The distinctive clinical character and epidemic spread of the disease led 
earlier workers to believe that it was caused by a particular kind of strepto- 
coccus to which the name Str. epidciittcits was given. It is now clear that 
various immunologic types of Str. pyogenes are, for the most part, responsible 
for the disease, and a small portion of the cases are infections with strepto- 
cocci of Group C, now grouped as Str. equisunths. On the other hand, there 
is reason to believe that so-called “epidemic strains,” of high virulence and 
mfectivity, of streptococci as well as other bacteria, are often associated with 
epidemic disease. 

It is probable that the infection is largely droplet and air borne, including 
dust, but there is no doubt that in many instances direct contact is of con- 
siderable significance. It may also be transmitted through the agency of food 
and milk, giving rise to epidemics among the consumers of these products. 
Hamburger, Green and Hamburger™ have reported a food-borne epidemic 
of pharyngitis-tonsillitis among convalescent patients in which a food han- 
dler was found to be m the incubation period of pharyngitis-sinusitis caused 
by Str. pyogenes Type 1; his nose ran profusely, he had strongly positive 
nose and throat cultures, and 10,000,000 streptococci were recovered in a 
single culture of his hands. There is no doubt also that streptococcal infec- 
tion is frequently milk-borne. In the past it has been assumed that the con- 
tamination was direct from man, but in recent years evidence has accumu 
lated which indicates that mastitis of Str. pyogenes etiology may constitute 
the immediate source of infection of the milk. 


SCARLET FEVER 

Scarlet fever is a clinical entity because of the rash resulting from the 
action of the erythrogenic toxin, otherwise it does not differ sigm can 
from other streptococcus infection of the upper respiratory tract an * . 
sequelae are essentially the same. The relationship of B hemolytic strepto 
to the disease was demonstrated by Dick and Dick in 1923 3 by 1 e . 
duction of typical scarlet fever in human volunteers by the in°cu a io ^ 
pure cultures, and by the demonstration of the existence of the er> ^ 
toxin. A conclusive demonstration of the etiologic relation was te< b _ £ ever 
cause of the contrast between the relatively lasting immunity to scar 
following recovery from an attack of the disease and the transien 
to other streptococcal infections. , t, of carlv 

It has been held by the Dicks and others, largely on t e a 

30 Hamburger, Green and Hamburger : Jour- Inf. His.. 1945, 77 96 publishers, 

« For a general discussion see D.ck and Pick Scarlet Fever Year tfoo 
Chicago 1938. 
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discussion. Most authorities recommend G-1 2 months, hut partly in order to confer 
earlier protection against diphtheria and partly because of the convenience ofco*. 
binmg diphtheria prophylactic with pertussis vaccine (see Bell 1918, Sant’Amese 
1950), there is a tendency to start immunization during the first 3 months of life 
J hough good results can he obtained at this age in individual subjects, particularly 
if three widely spaced doses of A.P.T. are given (Barr et ni 1950), the method 
of doubtful value for purposes of mass immunization, because the passive immunity 
received from the mother has not always disappeared by the age of 3 month 
Our own view is that, in this country in which routine inoculation is already estat- 
lislicd, it is wise r to postpone immunization till the end of the first year of life in 
order that the child’s resistance may |>c greatest during the 2nd, 3rd and 4th yean, 
when the risk of contracting the disease is highest. Jf the infant is immunized 
at 3-1 months of age, it will need a reinforcing injection at 18 months and again 
on entering school, instead of only one nt 5 years of age face Report 1953) 
The duration of immunity is dependent not only upon the type of prophylactic, 
hut upon the subsequent exposure of the inoculated subject to infection with the 
diphtheria bacillus. In a community in which there is much diphtheria or a high 
carrier rate the immunizing mechanism is likely to receive more or less frequent 
stimuli, which will have the effect of reinforcing the immunity conferred by the 
prophylactic. On the other hand, in communities with little or no experience 
of diphtheritic infection, the antitoxin content of inoculated subjects may be 
expected to fall progressively (6CC Jensen 1933a, b) and the Schick reaction to 
revert to positive. It is not surprising, therefore, that the results recorded bj 
different workers are not in complete accord. Some observers, for example, use 
l’ark (1922), working in densely populated cities, have had few Schick relapses 
over a period of many years, whereas others, working in areas where there as 
been little diphtheria infection, have hod high relapse rates. Thus Fraser w 
Brandon (1936), in Canada, found that of children who had received three ose 
of formol toxoid five years previously, and who had not been exposed to w ec io 
since, 31 per cent, had reverted to the Schick-positive state. Similar re 
are recorded by Schwartz and Jnnney (1938) ami Volk and Bunnej ( 
the United States, and by Sigurjonsson (1939) in Iceland (see also 
Okcll 1928, Cooke 1930, Jones 1930-37, Christie 1910, Nevius and McUraia 
Duke and Stott 1913, Sellers cl al. 1915). Generally speaking, we may • y ^ ^ 
in children properly immunized with two doses of A.P.T. and no ex P 
diphtheritic infection the Scliick-rclapsc rate should not exceed per to 
year. Since immunity cannot bo relied upon to last macaw e y, 1 ^ 

reinoculate children every 4 or 5 years. For this purpose a sing c ^ 
pbylactic is sufficient, since there is abundant evidence to ® ow , . ,^e 

rcinoculation of persons, even of those who have relapse to © parish 

state, is followed by a rapid rise in the antitoxin cont ® nfc ° * , B „ ef ]9&, 

and Okell 1928, Parish and Wright 1938, Fraser 1910, Volk and Bunn ey 

Wishart el al. 1914). htheria tens'* 

It may be noted that many patients svho have mum** 

Schick-positive (see Warm 1940). Since second attacks i of _the „th 

such persons may be regarded as susceptible, and inoc ^ is stn | JoiWi B* 

Why an attack or diphtheria is not alirajs iM by ,^ ni3in hy the 

it is not due mainly to suppression of the antdiody-form „ ^ ^ frora jWscn’, 0 s3 > 
tion of large quantities of antitoxin therapeutics y 
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agglutination studies, that the scarlet fever streptococci constitute a homo- 
geneous group of fi hemolytic streptococci which should be designated Str. 
scarlatinae. While the streptococci found m scarlet fever are all members of 
Group A, i.e., Str. pyogenes, the ability to form erythrogenic toxin is not con- 
fined to any particular type within this group, though some types occur more 
frequently than others, and it cannot be said that the scarlet fever strepto- 
cocci arc immunologically homogeneous. Neither are they biochemically 
homogeneous, and in the Dicks’ early experiments the mannitol fermentation 
was variable in scarlet fever-prod ucmg strains. It appears, then, that the 
scarlet fever streptococci are strains of Str. pyogenes that have in common 



Fig 49. The seasonal incidence of scarlet fever. Averages of reported cases by months for 
the years 1939 to 1945 inclusive. Data from Supplements to Public Health Reports. 


the ability to form erythrogenic toxin, but such strains are found in condi- 
tions other than scarlet fever, such as erysipelas. 

The Erythrogenic Toxin. The erythrogenic toxin differs from the other 
soluble bacterial toxins in that it is resistant to heat, as noted earlier. Its 
nature is not clear as yet, however. It has been reported to be a protein by 
some workers and a polysaccharide-containing complex by others 32 Barron, 
Dick and Lyman 33 have reported that it is a protein of low molecular weight 
and is resistant to proteolytic digestion and a number of oxidizing and reduc- 
ing agents Stock'* 4 has prepared a highly purified heat-coagulable protein 
containing 10 7 STD per milligram which he regards as identical with the 
erythrogenic toxin. Four components have been demonstrated by electro- 
phoresis; the toxicity was associated with the slowest and on separation this 
contained 10 8 STD per milligram. 33 Whatever its nature, it is necessarily 
Earlier work is reviewed by Eaton. Bact. Rev., 1938, 2 3. 

33 Barron, Dick and Lvman Jour. Biol. Chem > 1941, 137 267. 

3 * Stock. Jour. Biol Chem , 1942, 142 777 . 

3 s Krejci, Stock, Samgar and Kraemer. Jour. Biol. Chem , 1942, 142 78S. 






1584 DIPHTHERIA AND OTHER DISEASES DUE TO CORYHBBACTERIA 

each group that are rendered Schick-negative. Unless a preliminary test is mj. 
the proportion of original Schick-negative reactors in each group is unborn’ 
and a difference m their distribution will affect the result of the comparison ’ 

Complications directly attributable to inoculation against diphtheria are m 
common. There is some evidence that it may activate a latent poliomyelitis 
infection (McCloskey 1950, Hill and Knoweldcn 1950, Report 1951) ; and it maj-bc 
wise therefore to suspend inoculation during the height of an epidemic of this disease. 
Aseptic meningitis has been described, but it must be a very rare sequel (Stillerman 
19(8). Sterile abscesses — or more correctly cysts— occur in a small proportion of 
persons inoculated with alum-precipitated products, but they generally disappear 
spontaneously without giving rise to more than local inconvenience. 

The Protective Effect of Active Imm unization. 

Though a high Schick-negative or Schick-conversion rate affords a strong 
presumption that satisfactory immunization has been achieved, the ultimate court 
of reference in determining the efficacy of prophylactic inoculation must be the 
behaviour of immunized persons when exposed to the risk of natural infection 

Bieber (1920) reported the after-history, from 1913, of 1,097 immunized and 3,273 
non-immunized children in villages near Magdeburg. Of the former, 52 (4-8 per cent) 
had contracted diphtheria; of the latter, 493 (15*1 per cent.). Park (1922) records the 
history ore r a Bhortcr period of 90,000 immunized or natural)/ immune children and 90,000 
controls. During the period of observation 14 of the former contracted diphtheria is 
against 5G of the latter. Adams (see Fitzgerald 1928) records the history during the 
years 1926 and 1927 of 11,000 children who bad received two immunizing doses of toxoid, 
and of 9,000 non-immunized controls. Among the immunized the incidence of diphtheria 
was 1*55 per 1,000, among tho non-immunized it was 1144 per 1,090. IsaboIinsU «nd 
others (1931) describo tho results of immunization in Smolensk. Of 4,185 children im 
munized with toxoid, 0 14 per cent, contracted diphtheria during the eleven * 
following immunization ; of 19,000 control children in tho same town 1-6 per cen *' c£ ® 
tracted diphtheria during the same period. McKinnon and others ( 1931) and Fitzgera 
and others (1932) record the results of immunization in Toronto. Among a 
36,189 children who had passed through the immunization centres and had een 
to bo Schick-negativo, or had received one or more immunizing doses oftoxoi , 
been found to be sensitive) to a preliminary injection of toxoid and so received no “ ^ 

treatment, there were 120 cases of diphtheria daring the period of observation ( gf 

1926-June 1929). As a control tho prevailing rates of diphtheria morbidity at ages 
tho non -immunized population were applied to each age group of the Jcrfred 

gave 478 as tho expected number of cases. Of the 36,189 children, 16.8- a fI _ 
three doses of toxoid. Among this group 222 cases of diphtheria wou av 
pected ; only 23 occurred. There are many other records of an annlogou ^ 

Forbes 1932). More recently, in Scotland, there were 2,833 among rather 

13 deaths among about 750,000 immunized, and 17,091 cases and 794 e jAtberb 
leas than half the number of non-immunized persons. The risk of con 0 f 

was about 14 times less in the immunized than in the non-immumzc , 
contracting fatal diphtheria was over 100 times less (A. Russell mtA j*. 

In England and Wales 4,829,115 children under 15 years of age «c g8ffU mn 
Us een 1940 and 1943. The estimated child population under 15 years m 
Analysis of the 1943 returns showed the following rates for diphtheria. 

Annual rates of incidence per 1,000 child-years: ^ 

(«) In immunized children - ' ^ ^ = 1 : 

(5) Jn non-immunized children 


- X 
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assayed by skin test and its potency is measured in skin test doses (STD) 
the smallest amount that will produce the characteristic erythematous re- 
sponse. It is, of course, antigenic, and is fluocculated by antitoxic sera. 

Scarlet Fever Antitoxin. The therapeutic use of antistrcptococcus sera 
was investigated by Moser in 1902 with encouraging results, and similar 
observations were reported by Dochez and others in 1924. The Dicks pre- 
pared specific antitoxic sera by immunizing horses with sterile culture 
filtrates. The results of the therapeutic use of the Dick antitoxin are favor- 
able on the whole, though the mildness of the prevalent type of scarlet fever 
makes it difficult to secure any large body of statistics as cogent as those 
recorded in diphtheria. In individual cases, however, the administration of 
antitoxin decreases the duration of the rash, changes the character and 
extent of desquamation and reduces the number of complications, and there 
is general agreement as to the efficacy of antitoxic scrum properly prepared 
and administered early. Some clinicians would restrict the use of scarlet fever 
antitoxin to cases of severe or toxemic type. A unit of antitoxin is defined as 
that amount which will neutralize 50 skin test doses of toxin. 


Immunity to scarlet fever is, in a sense, a clinical immunity in that it 
is largely an immunity to the erythrogcnic toxin rather than to the strepto- 
coccus. It may be demonstrated by the Dick test, a skin test analogous to the 
Schick test in diphtheria, i.e., the local erythema is due to the action of the 
toxin and is absent in the presence of antitoxin, either of exogenous origin 
or present in the immune individual. The Dick test may be used, then, to 
ascertain whether or not an individual is immune to scarlet fever or, more 
precisely, whether circulating antitoxin is present. In this connection it is 
of interest that Schulz and Charlton 3 * 5 earlier observed that when a scarlet 
fever patient with a bright-red rash is injected with 1 ml. of convalescent 
serum, after about six hours the rash begins to fade and soon disappears 
completely. The significance of this phenomenon, the Schultz-Chariton 


blanching phenomenon, was not recognized at the time. 

Prophylactic Inoculation. It is not generally known that following Jen 
ner’s work on smallpox vaccination (p 6) attempts were made to immunize 
against scarlet fever by a similar process of inoculation. Preventive inocu a 
tion with killed streptococcus cultures was practiced by Russian bacteno 
ogists as early as 1906. Mild symptoms were produced similar to t ose 
observed in scarlet fever. A single injection did not suffice to produce inunu 
nity, two or three inoculations being necessary. It was believed t at a c 
siderable degree of immunity was obtained by this procedure. ^ 

The discovery of the scarlet fever toxin offered an opportunity or P 
tective immunization similar to that successfully utilized in 5 P 
Toxins with a potency of at least 40,000 STD per cubic centime 
preferable, and appropriate dilutions are injected at _jnterva s o on 
Five injections are recommended, starting with 500 STD an gra ua ^ 
to about 100,000 STD. Immunization of susceptibles (Dickposi *ve ^ 

manner produces 98 per cent or more Dick negatives. Ine i j afl( j 

sometimes accompanied by the development of a scar 3tmi orm 
other symptoms of mild scarlet fever. In consequence, tc 
56 Schultz and Charlton: Ztschr. f. Kinderhedk., 1918, Ong 17.3 
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disease tend, to die out. ? n,fa *“? is . brok ™ - th 

populated urban community at least 70 per ccnt°of “?P C , artbat '“ a ( 01rl y d '»*Ij 
must be immunised and Jpt 



Showing the precipitous fall in the death rate from diphtheria in England and Wales since the 
introduction of general immunization. (From Log* it 1 


institution containing a high proportion of Schick-negative reactors, there is boun 
to be a temporary rise in the carrier rate, since the majority of those who become 
infected will not develop clinical diphtheria and will therefore not be removed to an 
isolation hospital. In the general population, however, one would expect a differefl 
sequence. The fewer cases there are as the result of immunization, the ewer 
contact carriers will there be, and the fewer carriers there are, the less win e 
chance of non-iramunes developing diphtheria. On the whole, this assU “P^ 
is borne out by American experience, where in some towns the carrier rate ® m 
the general population has fallen to almost negligible proportions after con in ^ 
mass immunization. The few figures available in this country arc m con 01 
with the findings m America. Thus, before the second world war t ie c 


rate in London elementary school children varied between 


about 2-5 and 50 
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detoxified by treatment with formalin has been advocated by some workers 
Veldcc 37 has reported that a purified precipitated toxin apparently produces 
a good immunity with fewer untoward reactions. It is to be emphasized, 
however, that immunity to scarlet fever is an immunity to clinical scarlet 
fever, not to the streptococcal infection, and from the epidemiological point 
of view both Dick-negative and Dick-positive individuals must be considered 
as having scarlatinal infections, the only difference being the clinical one 
dependent upon the development of a rash. 

As in the case of diphtheria, immunity to scarlet fever may be acquired 
by inapparent infection (p- 621). The frequency of positive Dick tests is low 
in newborn children (indicating a passive immunity of maternal origin), 
then rises to a maximum in the age groups one to five years, and thereafter 



Fig. 50, The prevalence of scarlet fever in the Registration Area since 1900 as indicated 
by the uncorrected death rates. From data compiled by the Bureau of the Census. 


falls off gradually until in persons over thirty it is relatively low, possibly 
15 per cent. 

RHEUMATIC FEVER 

As indicated earlier, not uncommon sequelae of /? hemolytic streptococcus 
infection include carditis and arthritic involvement of the joints These are em- 
phasized and assume a major role in the pathology and symptomatology of 
the post-streptococcal non suppurative inflammatory disease known as rheu- 
matic fever, acute rheumatism or rheumatic heart disease. The essential lesion 
of rheumatic fever is carditis which may or may not be accompanied by pyrexia 
and arthritis. The carditis includes the connective tissue degeneration charac- 
teristic of the' damaged heart valves, and specific inflammatory myocardial 
lesions characterized histologically by nodular collections of cells described by 
Aschoff and known as Aschoff nodules. 38 

The connection between /? hemolytic streptococcus infection and rheumatic 
fever is very close and there is good reason to believe, though as yet not com- 
plete and unequivocal proof, that the relationship is etiological. The epi- 

37 Cf. Veldec, Peck, Franklin and DuPay* Pub. Health Repts., 1941, 56 957. 

38 See the general reviews by Griffith: Jour. Amer Med. Assn., 1947, 133 974, and 
Lancet, 1947, i.217. 
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by the appearance of diphtheria cases due to infection from healthy earners. Tb* 
combination of active and passive immunization results not only in a transidorv 
protection of the exposed children, but in the development of an active immaaifr 
that can generally be relied upon to prevent further cases of diphtheria develomV 
even in the presence of continued infection. Since, however, there is an inter- 
mediate period of relative susceptibility between the wearing off of passire and 
the development of active immunity, it is wise to swab the entire population and 
segregate all virulent carriers till a fortnight after the second dose of A.P.T. By 
this time sufficient active immunity will generally have developed to render almost 
negligible the risk of further cases occurring. By this method veiy successful 
results were reported by Fulton, Taylor, "Wells, and "Wilson (1911) in the control 
of school and institutional epidemics. To the paper by these authors and to tno 
papers by Downic aud his colleagues (1941, 1948) reference may he made for the 
rationale and application of combined active and passive immunization. 

The advantage of this method in conjunction with swabbing of the entire 
population and segregation of virulent carriers is that school closure i3 quite 
unnecessary, and that, apart from the carriers who are segregated for 6 weeks, 
every child can continue its normal education. Little is to be gained by pre- 
liminary Schick-testing of the population, as was recommended by Okell, Eagleton, 
and O’Brien (1924) in the days before combined active and passive immunization 
was shown to be practicable, and vafuable time may be lost. Moreover, the danger 
of diphtheria developing in Schick-negative reactors who are exposed to special 
risk of infection is by no means remote. On the whole, we think that there is far 
more to be gained by giving combined active and passive immunization to 
children than by immunizing only the Schick-positive reactors. The time aid 
labour expended are also less. 


The Treatment of Diphtheria with Antitoxin. 

The nature of antitoxic immunity and the general principles that determine ^ 
practical application have been discussed in Chapter 46. We are here ermcerne 
with the methods that are employed in the particular case of diphtheria in rDan ' 
and the available information on their efficacy. _ . , 

Antitoxic serum is prepared commercially by the injection of horses 
increasing doses of toxoid. In practice, only animals containing natural l p 
antitoxin in their blood are chosen, since they respond so much better t an 0 . 

to immunization. Injections are made intramuscularly two or three tunes a 
till a dose of half a litre or more can be given. When the level of anti x ‘“ 
risen high enough, three bleedings of 8 litres each are taken over a peno 0 ^ 
days. The horse is rested for a week or two and then given a short course ^ 
injections, after which it is bled again. The process may he repea e eur ^ 

times. The serum is separated from the clot, filtered, and preserve ^ 
antiseptic such as 0 3 per cent, tricresol (Dean 1908). Serum o » aine 
may be expected to contain about 1000 units pet ml. of anti oxtn, ^ 

Apart from its great theoretical interest, the isolation of antitoxin in a ata ^ r-3 t 

purity would be an important advance from the practical pom ‘(ration 0 f tbs 

vet been achieved, but considerable success has been attame in an d 

active constituents (Bneger and Ehrlich 1893, Bnegcr an jV 1912-I 3 * 

1896. Pick 1902, Gibson 1905, Bandiaf and Gibson IW ’ nt8 0 f teduiitf"’* 

And reives el al. 1923). The methods employed, winch vary in m P° 
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PUERPERAL FEVER 

Puerperal fever is a vague term In that some degree of pyrexia is not un- 
common immediately following childbirth. A definite febrile response is prob- 
ably in most instances associated with bacterial infection but in mild cases 
the microorganisms are relatively, avirulent. The severe infections, however, 
are clue almost entirely to streptococci, the majority Str. pyogenes. Infection 
with other (3 hemolytic streptococci occurs but when these are of groups other 
than Group A the infections are usually not severe. The anaerobic streptococci 
arc second only to Str. pyogenes in importance, being the cause of possibly 
20 to 25 per cent of cases of severe puerperal fever; the disease caused by these 
forms is not as rapidly fulminating as that caused by Str. pyogenes, but the 
case fatality rate is high, possibly 40 per cent. In Fatal cases of puerperal fever 
the infection generalizes to a fatal septicemia and it is highly probable that the 
pronounced invasive qualities of the streptococci are responsible for their 
virulence under these circumstances. 

A point that has been of primary interest is the source of the streptococci 
producing puerperal fever. It seems well established that Str. pyogenes occurs 
only rarely in the female genital tract and is rarely found before labor or during 
an afebrile puerperium. Lancefield and Hare, 45 for example, reported a senes 
of 855 cultures of the vagina of parturient women; one strain of Str. pyogenes 
was found among 65 strains isolated during an afebrile puerperium, and none 
among 13 strains isolated before labor. This and similar studies indicate that 
the source of infection with Str. pyogenes is exogenous rather than endogenous. 
The development of streptococcus typing and a reasonably precise definition 
of the immunological types has allowed the demonstration of the probable 
source of the infecting organisms. In the studies reported by Smith 40 ' slightly 
over 50 per cent of the streptococci from the patient were identical with those 
from the nose and throat of attendants, and a little less than 25 per cent iden 
tical with those from the nose and throat of the patient. Colebrook 47 reportc 
similar results, the percentages being 58 and 38 respectively. Data sue as 
these show clearly that the source of infection is exogenous with respect to t c 
genital tract and most probably the nose and throat of attending persons or t c 
patient herself in 75 per cent or more of cases. The infection may e 0 
dust-borne, but it seems probable that the hands play a significant part in 
transfer of infection. , r t t e 

The anaerobic streptococci, on the other hand, are normal inna itan 
human vagina. In the absence of precise immunological met o s 
identification, it may be tentatively concluded that infection uit 1 1 es 
isms to produce puerperal fever is probably endogenous for the most pa 

45 Lancefield and Hare: Jour. Exp. Med., 1935, 6/. 335. jj-ii Srationeo 

46 Smith Causation and Source of Infection in Puerperal rev 

Office, London. J93I .o,,- 

47 Colebrook Med. Res. Council, Spec. Rept. Series No. 205. 
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A system of dosage in common use is that advocated by Park (1921) (see Tati, 
110) ; but there lias been a tendency to increase the amount of antitoxin tiven in 
the severer type of case ns the result of the experience of recent years, and this 
tendency seems likely to continue. Thus, Bie (1922), in an admirable review of tte 
evidence in regard to the value of antitoxin treatment in diphtheria, advocates tie 
administration of very large total doses (92,000-170,000 units). Harries ( 1915 ) 
likewise recommends a large single dose, hut considers that it should rarely be 
jiecehsary to give more (linn 50,(XK) units, jirov icleti part or the whole of the diw* 
is given intravenously. 


TABLE 110 


Units or Antitoxin to be administered to Cases or varyino Grades or Severity 
(After Park.) 


Age or Weight 
of Patient. 

illld Cmn, 

Early 

Moderate. 

, Late Moderate 
»n<l Early 
Severe. 

Serf re and 
Malignant 

Under 2 years. 10-30 

lb. wt | 

2-15 years. 30-00 Ib.wt. | 
Adults. 00 lb. or over . i 
Route of administration , 

2.000- 3,000 

3.000- 4,000 

3.0 00- 6,000 
Intramuscular 

3.000- 5,000 

4.000- 10,000 

5.000- 10.000 i 
Intravenous ' 

6,000-10,000 

1 10,000-15,000 

1 10,000-20,000 
Intravenous 

7,500-10.000 

1 0 . 000 - 20 , 000 ; 

20.000- 50,000 1 
Intravenous j 


It might be expected that after some 50 years it would he easy to produce 
irrefutable statistical evidence of the beneficial effects of the antitoxin treatment 
of diphtheria in man. The evidence does, in truth, seem decisive to most of us; 
(hat it is still possible to bring forward contrary arguments that are not altogether 
specious is due to the fact that once a strong presumptive case has 6cen 
in favour of a particular therapeutic measure it is not justifiable to continue f 
period of (rial at a risk of human Jives. 


nr Hi/i f]nnsicn\ studios from tbo early days of antitoxin treatment, the only one tha 
J — ■. »vQno' For a period 

to two group* 

by eoparating thoso admitted on alternate days. All ca.no* imuiuiw one day 
given antitoxin, all thoso admitted on the next day were treated without an i 
so on throughout tho period of trial. The results were .i.s follows : of 239 cases 
with antitoxin 8 died, a fatality of 3-6 per cent. ; d 245 cases treate wx « ^ 

toxin 30 died, a fatality of 12-25 per cent. Applying the formula given on P ' ^ 
difference between tho case fatality in tho two groups is 8 75 per cent, an ^fag 

error of this difference is 2-445 per cent., so that the odds against the i 
due to random sampling are eovcral thousands to one (see Table o9, P- 


Other results recorded during the early and middle nmeties—comp 
between the case-fatality rates in hospitals in which antitoxin was given 


in which it was not, or between the experience in one hospital ® D .j 0 f trial 

introduction of antitoxin — all pointed in the same direction , an^ P 


ExiLUC 1UIWV.V- t I put 

ended with the adoption of antitoxin as a routine method otrea^m ^ roD g[y 


If we survey the course of events since that time we find that ^ r j n g 0 f 
yiow that, thp, use of antitoxin has resulted in a sign* 


Chapter 16 


THE PNEUMOCOCCI 


The bacterium most commonly found in pneumonia m man is a small lan- 
ceolate micrococcus which has been variously termed Micrococcus pneumoniae, 
Micrococcus lanceolatus, Streptococcus pneumoniae, or more briefly, the pneu- 
mococcus or Frenkel's pneumococcus Diplococcus pneumoniae is now the 
commonly accepted formal name 


Tin: INCIDENCE 01 OTOLOGIC AGENTS IN PNEUMONIA* 


Causative Organism 

Lobar 

Pneumonia 

Broncho- 

pneumonia 

Unspecified 

All Pneu- 
monias 

Pneumococcus 

82 48 

63 79 

77 48 

77 71 

Hemoljtic streptococcus 

2 00 

3 33 

3 99 

2 65 

Other streptococci 

1 30 

2 99 

1 33 | 

1 70 

Staphylococcus 

82 

2 00 

1 38 

1 19 

Friedlunder’s bacillus 

15 

13 

28 

17 

Influenza bacillus 

06 

25 

11 

15 

Tubercle bacillus 


OS 


02 

Tungi 


02 



Virus 



07 

01 

No significant organism re- 





corded 

13 19 

25 41 

15 38 

16 44 

Number of ca*es 

15,420 

6,092 

4,290 

25,802 


* In six representative states over a two-) ear period as compiled by Rumreich d at. 
Pub. Health Kepts , 1943, 58 121 


Of the generally recognized anatomical t>pes of pneumonia, lobar or acute 
croupous pneumonia, bronchopneumonia or lobular pneumonia, and capillary 
bronchitis or bronchiolitis, lobar pneumonia is nearly ahvavs due to the pneu 
moeoccus, though other bacteria arc occasionally involved. Perhaps the best 
quantitative data are those assembled by Rumreich and bis co-workers’ in a 
two j car study in six states representing high and low pneumonia rates These 
are summarized in the accompanying table. It will be clear that the pneumo- 
coccus is by far the commonest cause of pneumonia. The microorganisms as 
sociatcd with bronchopneumonia arc varied (sec table) and their source is 
probably almost always the nasopharynx. 2 Pneumonia is a relatively common 
disease, 101,811 cases and 34,421 deaths were reported in 1945 by 31 states, 
rates of 124.3 and 42 0 per 100,000 population respectively. 

* Rumreich et at.- pub. Health Repts., 1943, 5S 121. 

* Sec Smilhe and Duerschncr: Amcr. Jour H\g, 1947,45 1, J3. 
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factors, such as changes in the proportion of all laryngeal cases treated by tracheo- 
tomy, and in the period at which tracheotomy is performed, mate it difficult to 
assess the real significance of the recorded figures. 

In any case, the clear historical evidence of long-period fluctuations in the 
severity of diphtheria, as of other infective diseases, forbids us to place too great 
an emphasis on a progressive fall in mortality lasting for a few decades; and, 
in recent years, there have been signs that the disease is still able to reassert its 
killing power. In Berlin, for instance, the case-fatality rate in the Rudolf Virchow 
Hospital rose in 1926 to 17*4 per cent. (Deicher and Agulnik 1927), and similar 
experiences have been recorded elsewhere. How far this increase was due to severe 
infections of the gravis type, it is impossible to say, since type-differentiation of 
diphtheria bacilli is of comparatively recent origin. Another possibility that has 
to be borne in mind is that the modern processes of serum purification are removing 
some antitoxic or other factor present ill natural serum which helps to control tie 
disease. Clinicians arc disturbed at the failure of severe cases of diphtheria to 
respoud to even enormous doses of antiserum, and there is some reason to believe 
that the refined product of to-day is less potent in combating toxxmk than the 
crude serum used earlier in the century. 

We are thus left with a mass of statistical data all of which is compatible with the 
view that the use of antitoxin has had a considerable effect in lowering the mortality 
from diphtheria, but most of which is indecisive. Taking the general trend of this 
evidence with Fibiger’s early observations and adding to it the decisive results 
obtained in animal experiments, we have a sound basis for the conclusion that 
antitoxin provides the best available method of treatment, and that its early 
administration is the essential factor in controlling the clinical disease. The failure 
to establish a statistical case that is beyond criticism merely shows how hard it » 
to assess the real effect of any remedy in any human disease, unless that effec 13 
so dramatic as to be immediately and consistently evident. 

In view of recent experience, in Germany, in England and elsewhere, t ere ^ 
however, an obvious need to re-examine the problem with a view to improving 
adding to, our present therapeutic reagents. 


The Standardization of Diphtheria Antitoxin a 

We have already referred to the standardization of diphtheria 
our discussion of the toxm-antitoxm reaction (pp 273-7) IV© note ' ^ 

instability of a toxic filtrate renders it quite unsuitable as a standar o rc ^ ^ 
and that, for this reason among others, Ehrlich’s original definition o ^ ^ ^ 
antitoxin as the smallest amount of antitoxin that will neutralize ' ^ ^ 
toxin, using the guinea-pig as the test animal, had soon to be a an <->'_> ’ 
been replaced by a unit defined in terms of a standard antitoxin 1 phosphorus 
antitoxic serum, when dried and preserved in vacuo in the presence m0rc0 vcr, 
peiitoxide, maintains its potency over long periods of time. > ^ ^ 

become a general principle in biological standardization ^ o 

wherever possible, be assayed by comparing its potency' wi ass|gnf ,I by 

preparation of the same reagent, to which some unit va ue Ehrlich’* origin* 1 
international agreement (see p 1134). In the case o JP > ' ’ t ; on( ami pJ* 

antitoxin was adopted as the first international stand p ^ Report ISf 
sequent standards have been characterised in terms ftl " * , „, eig ht of tl- 

so that the unit of activity remains constant, though the aetua 
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The Pneumococci 
The pneumococcus was discovered independently in France in 1881 by Pas- 
teur, who inoculated rabbits with the saliva of a child dead of rabies, and b\ 
Sternberg in the United States, but was not known to be associated with disease 
in man before the extensive investigations of Frankel and Weichselbaum, who 
demonstrated conclusively the etiological relation of this bacterium to pneu- 
monia in man. 

Morphology ami Staining . 3 The pneumococcus is typically a small, 
slightly elongated coccus, one end of which is pointed or lance-shaped. The 
cocci commonly occur in pairs (diplococci), but variations both in grouping 
and in size and form of individual cells are frequently observed. Chain for- 
mation is common, especially in artificial media, although the chains arc 
usually shorter than those of Streptococcus pyogenes. Oval and elongated bacil- 
lary forms sometimes occur. The pneumococcus is non-motile and does not 
form spores. A well-defined capsule envelops the pneumococci in animal 







l _ . • ' * - t — 

Fig 5 1 . Pneumococcus, pure culture. Note the typical lanceolate shape and dip ococcus 
arrangement. Fuchsin; X 1050. 

exudates but, except m certain strains or in certain media, is less readil) dem 
onstrable in cultures grown outside the body. Capsules mav often be oun 
milk cultures and in media containing blood or serum. 

The pneumococcus is readily stained with the aniline dyes ant is ^ 
gram positive, although there is a tendency to become gram-negjrtne «j 
cultures and occasional strains are found to be gram -negative, in statT * 5 . J w e 
arations the capsule may often be seen as an unstained halo surroun i 
cells; it may be stained by special methods. tvnicallc 

The colonies of pneumococcus on infusion agar or mood agar -j 

small, moist, translucent and granular, with well-defined edges. e 
are a hemolytic on blood agar, and the colonies appear surroun reen . 

of greenish discoloration on this medium and resemble the co on 
producing streptococci. tn - ent (beef 

Physiology. Some pneumococci grow upon the ordinary sC No 

extract) culture media but many do not, and in any case g r0 '' ^ ^ Btolw 

3 The pneumococcus is completely and exhaustively^ discussed v 
of Pneumococcus. The Commonu ealth Fund, New IctK- 1 
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mixture that shows optimal flocculation when tested by the Ramon roeftorf a* u 
called the Lf dose. The procedure with this Htro tit in 
either of the m ere method,. The Lf doer of a suitable loaic filtrate is detemL 
titration against the atandard antitoxin. The amount of the senna under t« tu 
gn es optimal flocculation with the Lf dose of toxin is determined by a second titrstm 
Hus amount of serum contains one unit of antitoxin. 

We may set out the units or named doses employed in testing diphtheria tom and 
antitoxin as follows (see Glenny 1925) : 

(1) Toxin is measured by its direct toxic effect in the guinea-pig as 

BLL.D. (death on the 4th day) 

M.R.D. (minimal skin reaction). 

There is no fixed equivalent amount of antitoxin. 

(2) Combining power with one unit of antitoxin is measured in the guinea-pi# as 

L+ dose (mixture causes death on the 4th day) 

Lo (mixture causes minimal cedema) 
hr (mixture causes minimal skin reaction). 

(3) Combining power with one unit of antitoxin is measured in vitro ai 

if (mixture gives most rapid flocculation in Ramon test). 

The comparison of large numbers of different antitoxic sera— natural or concmtnttd 
— by these different methods has brought to light facts of considerable theoretical and 
practical importance. The L*f dose of toxin is always appreciably larger than the U> 
dose. The Lr dose of toxin always approximates closely to the Lo dore, as would i* 
expected, since a very small excess of unneutrfllized toxin will elicit the Romer reaction 
Tlie Lf dose is, in general, slightly less than the Lr dose. Glenny (1925) notes the foUowuie' 
relation between the various doses of an average toxic filtrate*. L+ dose = 021 ml > 
Lo dose — 0-18 ml., Lr dose = 0-175 ml., Lf dose = 0-155 ml. The ratio of the L 
dose to any of the in v no doses is not constant for all toxic filtrates. Antitoxin 
flocculation with both toxin and toxoid, while the determination of the L+, Loon r 
doses depends on the presence of unneut.ta.Uxcd toxin, and is hence affected hj tr 
onces in the proportion of toxin to toxoid. Moreover, as waa shown by *^enn), , T 
and Waddington (1925), not only docs the Lf/Lr ratio vary from one toiic 
another, when these are tested against the same serum, but the Lf/Lr ratio o a ^ 
toxic filtrate varies when it is tested against different antitoxic sera. It ® 
when sera are compared with one another by in vito and in vitro methods, t eirap ^ 
relative potency may vary according to the method of comparison employe , an , 

. . . i n l 'Aro value „ . 4n 

such sera, the ratio : — will vary from one serum to 


another. Glenny ^ 

Ins colleagues note that they have obtained »n tilro/tn -mo ratios varying . y r 
2 0 with different antitoxic sera, and that, in general, if 'he Ehrhch va ue is « i* 




higher than the Ramon value, t.e , if the in vitro/ m two ratio is Ion, the ser^ 
found to give rapid flocculation ; whereas, if the Ramon value * 8 , U8 ' e *. r«® 

value, the serum will be found to give very slow flocculation and the o. , (ilernij - 

plex w-ill show considerable dissociation on simple dilution. In their a * a o' 10 

and his colleagues use the inverse ratio— in nro/m ufro— so t a i a se u 0 utd le af ^ 
greater than unity has a greater protective action than its floccu 
one to expect, «hich 

The inverse ratio is a measure of avidity, a quality of an ' ’ . , rat j 0) which. ^ 
There we noted that avidity can also be measured by the J9 t j, e amount 


the serum ratio, was introduced by Glenny and to. 2 »>>"• 

of antitoxin required to neutralize the L+ dose of toxin m tt8 deUrnW^ 1 • 

by the amount necessary to neutralize this dose m a vohiroe gpoJ1 «j to the Lr/ 10 sf ‘ 
the guinea-pig intracutaneous test. These levels of testing P° 
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tritional requirements are complex; Rane and Subbarow 1 have been able to 
grow Types 1, 2, 5 and 8 but not Type 7 in a medium consisting of acid 
hydrolysate of gelatin supplemented with glutamic acid, cystine, glucose, 
pantothenic acid, nicotinic acid, choline and thioglycollic acid. Similar ob- 
servations have been reported by other workers 5 Growth on infusion media, 
particularly those enriched by the addition of whole blood, takes place at 
37° C Litmus milk is promptly acidified and often, but not invariably, co- 
agulated. The temperature range over which these bacteria may be grown is 
relatively narrow (25° to 42® C.), and they are sensitive to variations in pH 
from the optimum of 7.8, the limiting acidity and alkalinity being 7.0 and 8 3 
respectively. The pneumococcus is a facultative anaerobe, although certain 
other species of Diplococcus are obligate anaerobes. 

In general, sugars are actively fermented with the production of large 
amounts of lactic acid and small amounts of volatile acid and ethyl alcohol. 



Fig. 52. Colonies of the pneumococcus on blood agar. The areas of green hemolysis ha\e 
been accentuated in the photograph X 3. 


Differential fermentations are of no particular value in the classification of 
these microorganisms except in the case of inulin, which serves to differentiate 
the ' 

autolyze 

me " >f protein 

hydrolysis accompany autolysis, and it appears that lysis is a consequence of the 
activity of intracellular ferments. Perhaps associated with the autolvtic process 
is the lysis of pneumococci by bile and bile salts. The so-called "bile solubility” 
of pneumococci is practically a constant characteristic, although different 
strains vary in their sensitivity to bile as they do m the tendency to autolysis. 
Rabbit or ox bile may be used and added to a young broth culture in the pro- 
portion of 10 to 20 per cent. Solutions of pure bile salt (sodium taurocholate) 
arc preferable to ox bile because they may be sterilized and the concentration 

4 Banc and Subharow: Jour. Bact., 19-10, 40 695. 

5 Gilbert. Proc Soc. Dtp. Bio!. Med , 194-1, 57:363, Adams and Roc- Jour. Bact , 1945, 
49.401. 
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prophylaxy or therapy. It happens that high. potency antitoxin, are „«% and , c ; 
can he rehed on m tins respect. There are, htmever, no agreed measures of.ndihT 
irhicli therapenHc antitoxins can be specified (see, e. t „ British Ptomaeotwia 1W 
Jerno (1051 ) suggests the determination of a single association constant for each Miaaei 
to bo designated an “ avidity constant," a „d describes a method for its determination! 
out tiic practicability of tins proposal remains to be established. 


The Standardization of Diphtheria Prophylactics 

The flocculation test of Ramon (1922) provides an obvious method of dctemunii? 
the amount of toxoid in any prophylactic, and Glenny, Pope and U'addmgton 
found that the immunizing value of a modified toxin was closely related toils Lf value. 
It has, indeed, become a common practice to state the dose of toxoid contained in a pro- 
phylactic in terms of Lf units, when the actual dose of toxoid is stated at ail, wtiditf 
not often the case. But it would obviously be preferable, were it possible, to measure tk 
actual immunizing potency of all preparations by direct comparison with some arbitrarily 
selected standard reagent. 

The technical differences involved in such a comparison are, however, very great 
For the reasons discussed in. Chapter 43, a comparison carried out on a small rorokr 
of animals is quite valueless; and it is doubtful whether the precise standardization of* 
reagent used for inducing active immunity is as yet witlun the realm of practical pobtics 

The relevant Regulations (1952) in force m Great Britain, under the Thenar 
Substances Act, may be summarized as follows. 

Toxicity. Five ml. of formol toxoid, T.A.M. or T.A.F., and 1 ml. of A.P-T. w 
F.TA.P., arc injected subcutaneously or intraporitoneally into each of not less thin 5 
healthy guinea-pigs, each weighing from 250 to 350 gin. The injection Tmi^ wt cuk 
the death of any of the guinea-pigs from specific intoxication within 20 days. 

Immunizing Potency. The test for minimum immunizing potency of formol toxud 
consists in the injection into each of 10 healthy guinea-pigs of 005 ml. of FT. in 
saline, on 2 occasions at an interval of not more than 4 weeks. Not later than 3 I 
after the second injection each guinea-pig receives an intracutaneous injection o - 
of a dilution of diphtheria toxin containing 5 Schick-test doses. If, 4S er ' jB 
than 2 of the 10 guinea-pigs exhibit ft positive Schick reaction, the prepw wn 
sufficiently potent. T.A.M. and T.A.F. are tested similarly, except that T.A U w 
animals are tested with 1 Schick-test dose ; and in the T.A.F. tvst, 9 &uurw s arc 
tested with 1 and 2 Sluck-test doses. In the last case, no more than 1/3 le $ 

must react to 1 Scluck-test dose, or alternatively, no more than 2/3r to " ° ^ 

doses. For the purposes oi the tests, a Sluck-test do*c contains 0 00 
in an amount such that one twentieth (0 0005 Lf) or less given m r>ositA e 

guinea-pigs will, after 48 hours, regularly produce a local reaction o ie 


type. . , f i t f prr'tfrt 15 

A.P.T. and P.T.A.P. are diluted in saline so that th. .-quivalent oi 1 ^ J, oret |,M 
1 ml. Each of 10 guinea-pigs receives 1 ml. on two oecasi »s at an con f eP j of tk 

4 weeks Not later than 3 weeks after the second mje non, the an no. coctes0 r 
serum of each animal is determined. If the geometric mean o l ® * . r/ ia miacep 5 '” 
less than 2 units, the preparation is insufficiently po*' «* a 3Q 
1953, p- 200). „ .. - nn t,m-mc efficiency. v * 

These tests, it will be noted, prescribe lumts of toxicity o ° t j ic ^intern' 1 '* 
standardization in terms of units. Their reliability depends ‘ ^ 3 gen\3. ^ 

of guinea-pigs of an average susceptibility to toxm an o ^ ^ re(? airc™f D ’ 
we cannot know how far laboratory guinea-pigs varj . lsg { j,e test*** 

outlines are devised so that the antigenic content of prop > alternative, w 

substantial excess of that necessary for good lmmuma'o- . fof m r.y 

Chapter 43, is to exptass potency in term, of A Ubo < > bcK , 

(1939) in Gem, any used a standard preparation of d.pMlier I 
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CIO per cent) controlled. Heat-killed pneumococci are not bile-soluble. Sodium 
lauryl sulfate and similar detergents will also lyse pneumococci. 

Pneumococci may, therefore, be distinguished from streptococci by their 
bile-solubility and, less definitely, their ability to ferment inulin, in addition to 
their greater pathogenicity for mice and the characteristics of the colonics on 
agar. 

Peroxide is found in considerable quantities of pneumococcus cultures 
after prolonged incubation because of the lack of catalase in these microorgan- 
isms. This, coupled with their sensitivity to peroxide, results in the auto- 
sterilization of cultures kept in the incubator for many days. Cultures in blood 
broth, however, remain viable for several weeks in the refrigerator and the 
bacteria may be preserved for months in the cold in vacuum-desiccated spleens 
of infected mice. 


The pneumococci are more sensitive to the bactericidal activity of the usual 
antiseptics than are many other bacteria. Soaps, such as ricinoleate and oleatc, 
are pneumococcicidal in relatively high dilutions, 0.04 and 0.004 per cent re- 
spectively, and other substances such as phenol and mercuric chloride are also 
highly effective in the destruction of these bacteria. Quinine and some of its 
derivatives, such asoptochin, are also pneumococcicidal, a fact which has been 
of interest in connection with the chemotherapy of pneumococcus pneumonia 

Toxins. The severe intoxication observed in pneumococcus infection in 
man is suggestive of the formation of some toxin by this bacterium. The exist- 
ence of such a toxin has never been demonstrated, however, and the pneumo- 
coccus does not produce a toxin analogous to those of the diphtheria and 
tetanus bacilli. 

Other toxic substances arc produced by this microorganism. That th^rc is 
a hemolysis on blood plates has already been noted, and there is in addition i a 
filterable hemolysin active on sheep, guinea pig and human erythrocytes. The 
concentrated hemolysin is reported to have lethal and dcrmotoxic properties 
The pneumococcus also produces a Ieucocidin and a necrotizing substance 
similar to that formed by some of the staphylococci. Many strains pro ucc 
hyaluronidase, especially when cultivated in media containing hyaluronic 
acid. 7 A purpura-producing substance which is non-antigenic and appears n 
be a cleavage product of pneumococcal protein has been desaibcd b) a num 
of workers. Injected into white mice, extracts of pneumococci produce a p 
punc condition manifested as a dark blue discoloration of the shin o t ic t 


tail, ears, nose and genitals.® , 

Although preparations containing these activities have been repor c 
crease the virulence of relatively avirulent pneumococcus strains \\ cn ^ 
jected simultaneously with the bacteria, the virulence of j, f 

directly dependent, not on the formation of such toxic substances, u 
production of specific soluble substance and encapsulation mtneocci. 

Classification. The pneumococci are closely related to mc s r _ c 
but the degree of intimacy of the relationship is as yet open to ques 
workers regard these microorganisms as but a species of streptococcus 


Halbert, Cohen and Perkins- Bull. Johns Hopkins Hosp.. 1946, 

7 See Humphrey Jour. Path B act , 1944, 56 273 , « }927 45609. 

* Cf. Julianelle and Reunann Jour Exp Med., 1926, 43 S'- 
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sites of pathological lesions in man. They have been cultivated from the blood 
of typhus cases, from the cerebrospinal fluid of cases of general paralysis, from the 
conjunctiva in various forms of subacute or chronic conjunctivitis, from the external 
auditory meatus in cases of ear disease, from the pustules of acne vulgaris, from other 
lesions of the skin, from the urine in cases of subacute or chronie urethritis, and from 
lymphatic glands in a variety of diseases, particularly lymphadenoma. In a frsr 
instances, including perhaps acne vulgaris, the evidence suggests that the association 
is a causative one, but in most cases the early claims to have established an actio- 
logical relationship have broken down in the light of subsequent investigations 
There is, as yet, no satisfactory evidence that any corynebacterium, other than 
C. diphtheria ?, with the possible exception of C. acnes, plays any significant rile a< 
n pathogenic parasite of man ; though various species form an important constituent 
of his normal bacterial flora (Andrewcs et til. 1923, Harris and Wade 1915) 


Diphtheroid Infections in Animals. 

There ere a few diseases which occur naturally in animals other then mu, 
and are caused by infection with corynebacteria. 

Ulcerative Lymphangitis of Horses and Pseudotnberculosis of Sheep.-Botl fce 
diseases are the result of infection with 0. oris, or, as it is sometimes called « 
Prcisz-Nocard bacillus. The characters of this organism and the lesions 
produces in experimental animals have been described in Chapter 17. j 
noted that this organism, unlike C. diphtheria, is pyogenic and , , /ril 

toxigenic. The exotoxin produced by it differs. from the exotox “ . , ' J, it , 
both in the character of the lesions produced m experimental animal J 
antigenic relationships. The pathogenesis of the natural disease ^ 0 , 

seems to he determined mainly by the invasive and PL 0 * , f , 
causative organism. The part played by the toxin is at presc ceom 

tuberculosis of sheep — better known prrhaps as cam J P nickinson 1931, 
mically an important disease, particularly in Australia (see B »d ^ 

1033, 1935, Dickinson and Bull 1931, Discussion 193 ). v affected, but th‘ 
characterized by caseous abscesses. The lymph glands .arc ^ 7 ^ drr » 
lungs and sometimes the testicles may suiter too. Jimieter up K 

lifeless. The nbseesses range in size from a millimetre o Infect ; 0 „ ore"' 

3 or 4 inches ; they are rather gritty and contain a „ d 

through wounds of the skill such ns occur ill shea g, " ([ie mos , 
Infections caused by C. pyogenes— This org3 ™“ ' JL found in aus"®* 101 
portant and widespread member of the Corynebacten g P including 
with animal disease. It is responsible for A 

monia, arthritis, and mastitis in cattle, pigs, si “Pj g ;a infect ed eBOjJ 
is formed, which often gives rise tc . antitoxin . d j oiy* ° f 

this may be measured by the power of the seruu “‘V be converted into t oxf* 
cells by the toxin (Lovell 1939). The tozmj^ antitoxin 1 to* 

treatment with formalin. An alum-precipitated toxo. ^ did p> 

tion in annuals inoculated intramuscularly, hut earl) 

very hopeful (Lovell et ah 1950) pyamic <1 ise&^® ^ 

Pyaemia in Foals.— Magnusson (1923, I93S) . he c3 )] e d 0. 

foals in Sweden due to a pigment-formmg organ. ■ bronebopo™ 

p 547) As a rule the disease is characterized by su PI 
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nate them as Streptococcus pneumoniae. In general, however, it is customary to 
consider the pneumococci as a distinct genus, a practice which is justified by 
considerations of the sum of the characteristics of the pneumococci and the 
clinical and epidemiological aspects of the pneumonias According to Bergev’s 
(1948) classification, the tnbe Streptococcaccae is made up of three genera 
(1) Diplococctis, of which the type species is Diplococcits pneumoniae or the 
pneumococcus, (2) Streptococctts, with Streptococcus pyogenes as the type 
species, and (3) Leuconostoc, a group of gas-forming, chain-producing cocci 
found in milk, fermenting vegetables and slimy sugar solutions. 

The genus Diplococcus includes six species in all, the five in addition to the 
pneumococcus being obligate anaerobes. D paleopucumonine closely resembles 



Fig. 53. Pneumococcus in the peritoneal fluid of a mouse Note the capsules Fuchstn, 
X 2200. 


the pneumococcus except for its anaerobic character, occurs normally in the 
buccal-pharyngeal cavity, and is reported to be highly pathogenic. D. pin 
garum-bclh has been found in septic wounds, and the remainder, D. magnus, 
D. constcilatus and D. morbiUorinn, appear to be normal inhabitants of the 
mouth and intestinal tract, and base been found tn Ivmphoid tissue such as in 
the tonsils and appendix 

/’fietunococriis T> jvs. A point that has been of somewhat more interest than 
the formal taxonomic position of the pneumococci is the subtin ision of these 
bacteria into tv pcs. The pneumococci contain two types of antigens One, the 
so-called somatic antigen, is a constituent of the coll substance proper and is im- 
munologically identical in all pneumococci. The other, the polj saccharide 
hnptcnc or specific soluble substance (SSS), is type specific and senes 
to differentiate the immunological tv pes of pneumococci from one another. The 
pol) saccharide of Tv pc 3 has been the most thoroughly studied chemically 
(p. 2S2) and Tv pes 1 and 2 to a lesser extent. These substances have been 
isolated from most of tiie other tv pes also. The presence of SSS masks the 
somatic antigen, and antisera to encapsulated pneumococci are sharply tvpc- 
spccific. These immunologtc.il tv pcs are sometimes designated by Roman nil- 
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merals, and the numbering of the types, although purely arbitrary, is a uni- 
versally accepted convention. 

Observations by Dochez and Gillespie 9 showed that the pneumococci 
found in cases of lobar pneumonia can be divided into four distinct groups, 
designated as Types 1, 2 and 3 and Group IV, on the basis of specific 
agglutination and protection tests. Of these, Types 1, 2 and 3, found in 
the majority of cases of pneumonia (Fig. 54) and producing the most severe 
types of infection, have specific immunological character, while Group IV 
is immunologically heterogeneous and is made up of all pneumococci not 
belonging to the first three types. Through the work of Cooper and her 
associates of the New York City Department of Health 10 29 additional 
serologic types were sorted out of Group IV to make 32 types in all. Of 
these 26 is closely related to 6 and is sometimes designated 6a, and 15 and 
30 are identical or practically so. Six new types and 14 subtypes, related 
to but not identical with the Cooper types, were described by Kauffmann, 
M0rch and Schmith 11 who pointed out that the subtypes, while related, 
were stable and independent. This differentiation was made on the basis of 
reciprocal absorptions. Seventeen additional types were described by Walter, 
Guevin, Beattie, Colter and Bucca 12 of which 12 corresponded to 5 of the types 
and 7 of the subtypes of Kauffmann et ah M^rch 13 then later described addi- 
tional new types, some of which were subtypes. The practice of designating 
subtypes, viz., 7a, 7b, 7c and so on, has begun to be generally adopted. 
Under the auspices of the American Public Health Association and the 
United States Public Health Service, however, Eddy 14 has given individual 
type numbers to all pneumococcus types and subtypes so far described with- 
out regard to the relationships, sometimes very close, between many of the 
types, making a total of 75 types. Thus the purely arbitrary system of num- 
bering the types without regard to their biological relationships is reverted 
to and extended. 

Although these immunological types are readily distinguished from one 
another, cross-reactions occur in a number of instances. There appear to e 
some relations between Types 2 and 5, 3 and 8, 7 and 18, and 15 an 
which are quite likely due to structural similarities of the polysaccian e 
haptenes (p. 282). The resemblances are not sufficiently close, houe\er, 
invalidate the differentiation of these types. An intcres. ng observation a 
been that of Forster and Shaughnessy 15 of the occurrence of mixe typ » 
i.e., strains of pneumococci which react with two or more , un pu. e 
specific antisera. Similar observations have been reported by , 

Eddy. 10 Such mixed types appear to occur with some frequency as in 
in Fig. 54. . I. 

Diplococcits Mvcosits. These immunological types are cu tura 


9 Dochez and Gillespie: Jour. Amer. Med Assn, 1913 , 61:72 7. Rosen 

» Cooper, Edwards and Rosenstein- Jour. Exp. Med., 1929, 49 461, Cooper, 
stein, Walter and Pei 2 er: Jour. Exp. Med., 1932, 55 531 

11 Kauffman, M^rch and Schmith: Jour. Immunol., 1910, 3 • 279 . 

12 Walter, Guevin, Beattie, Cohei and Bucca - Jour. Imtmino ., 

15 M 0 rch Jour. Immunol., 1942, 43:177. 

14 Eddy: Pub. Heal.h Reps., 1944, 59.449, 451, 485 _,, ;306 , 

15 Forster and Shaughnessv: Proc. Soc. Exp. Biol. Med . 1 

16 Chinn and Eddy Pub. Health Repts., 1941, 56.62. 
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tinguishable with the exception of Type 3, which stands somewhat apart 
from the other pneumococci in that it produces a heavy mucoid growth 
due to its luxuriant capsule formation. It is not infrequently classified as a 
separate species, Diplococcus mucosus. Many cultures show a marked tend- 
ency to form chains, and the dividing line between Diplococcus mucosus 
and " Streptococcus mucosus " is not a sharp one, if indeed any distinction 
should be made. These coccoid, heavily capsulated bacteria for the most part 
ferment inulin and are soluble in bile, so that the tendency is to group them 
with the pneumococci rather than the streptococci. A few mucoid strains 
have been reported which are bile insoluble and non-inulin-fermenting. 

Pneumococcus Typing, 17 The determination of pneumococcus types is 
a matter of great practical importance to the therapeutic use of antiserum 
The various methods that have been developed are basically immunological 
but differ in technical detail. The immunological procedures are of three 
kinds: CO the agglutination of the pneumococci with type-specific anti- 
serum; C2) the precipitation of SSS with type-specific antiserum; and (3) 
the Qltcllung reaction. The first two have been discussed in previous sections 
and need not be considered further here. The Quellung phenomenon was 
described by Neufeld in 1902 and since then has come into general use. 
A suspension of pneumococci is mixed with undiluted antiserum (rabbit 
serum is preferable to horse serum) on a slide or cover glass, a small amount 
of Loffler’s alkaline methylene blue is added to facilitate observation, and the 
preparation is examined under the microscope. In the presence of homol- 
ogous immune serum there is a marked apparent swelling of the capsule 
without any obvious change in the size of the bacterial cell itself; no such 
swelling is observed with heterologous sera. The reaction takes place rapidly 
and the swelling is usually apparent within a few minutes. The nature of 
the process of swelling is not known; it is of some interest that it may be 
reversed by the addition of homologous SSS.* 8 The use of serum pools con- 
siderably facilitates typing, especially the identification of the higher types. 
The incidence of the various types determines the most advantageous com- 
binations of antisera. A group of combinations often recommended for use 
in this country is: (a) 1, 2, 7; O) 3, 4, 5, 6, 8; (c) 9, 12, 14, 15, 17; GO 
10, 11, 13, 20, 22, 24; (e) 16, 18, 19, 21, 28; (f) 23, 25, 27, 29, 31, 32. 
Monospecific antisera are, of course, required also. The pneumococcus to be 
typed is tested with each pool and then with the component antisera of the 
pool with which it reacts. Thus a pneumococcus may be identified in twelve 
or less tests. 10 

The sputum may be used directly in the Quellung reaction if there are 
sufficient pneumococci present, or it may be heated and centrifuged and 
the supernatant used as antigen in a precipitin-ring test (Krumwiede's 
method). In the latter instance the reaction is dependent upon the pres- 
ence of SSS in the sputum, and a negative reaction has no significance 
because of the possible lack of sufficient SSS. 

The intraperitoneal inoculation of white mice with sputum results in a 

17 Methods o£ typing are discussed in detail on pp. 620-640 o£ Heffron: Pneumonia. 
The Commonwealth Fund, New York. 1939. 

18 Kempf and Nungester. Jour. Inf Dis , 1942, 71*50. 

19 For pools used in typing all 75 types see Eddy Pub Health Repts , 1944, 59 1041. 
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GLANDERS 


Numerous investigators during the nineteenth century brought evidence fo show 
that glanders was infectious, and that the disease in man was the same as that 
in the horse. The causative agent, however, was not isolated til! 1882, when 
Loefflcr and Scktifcz (Loefiler 1886) succeeded in cultivating P/. wallet from » 
horse dying of acute glanders. They isolated it in pure culture from the live* 
and spleen, and produced characteristic lesions in the guinea-pig, rabbit, and field 
mouse by injection of the bacilli. The organisms were demonstrated histologies!!; 
in the lesions, and isolated in pure culture. 


Epidemiology in Animals. — Glanders is primarily a disease of equine await' 
Pigs and cattle are absolutely resistant. Goats, sheep, dogs, and cats somehow 
contract the disease naturally ; it has also occurred in zoological gardens amongst 
carnivora, such os lions and tigers, which have been fed on infected horse-flesh. 

There are two clinical types of the disease in horses and asses— glanders id 
farcy. In glanders, which, may be acute or chronic, the lungs are almost invamUj 
affected. Rounded, greyish, firm nodules, about i to 1 cm. in diameter, appear 
in small numbers— often not more than a dozen or so. They are embedded [» 
the lung tissue, from which they are not easy to enucleate. When recent -they 
have a dirty white centre and a dark red, or sometimes yellow, gelatinous periphery , 
the central part consists of thick pus. In older nodules the greyish central *os« 
is surrounded by dryish crumbling material, or by a fibrous capsule. 
cases there may be an actual pneumonic infiltration of the lung. Histologi 
the young lesions consist of polymorphonuclear cells, surrounded by a z0D ^ 
congestion. It is stated that, in the older nodules, there is frequently a ^ 
epithelioid and giant cells around the central necrot: area, and Burroun 10 
whole there is a layer of fibrous tissue. Occasior *lly calcification 
(Ricgler 1905, Reinhardt 1919). Glanders may invade other organs as 
the lungs, particularly the nasal mucosa and tract ea ; nodules first appea ^ 
later ulcerate and discharge a greenish-yellow ^rous fluid, some une 
with blood (Hunting 1908, Hutyra and Marek 1926). The aubma ■ 
are often enlarged ; subcutaneous abscesses are not uncommon » *® ^ 

disease nodules are distributed throughout the spleen, liver, an , 

In the mule glanders is almost invariably acute, death occurring 

‘"ml result tout direct infect,™ of tie skin, or it 
m an F Stio/of glanders. Swings » 

particularly of the extremities and flanks, which break down 
1606 
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rapid growth of pneumococci, and peritoneal exudate aspirated after three 
to six hours contains large numbers of bacteria as well as considerable 
amounts of SSS. The bacteria may be typed by the QtteUting reaction, by 
microscopic slide agglutination (Sabins method), or by macroscopic agglu- 
tination or precipitin tests. When mice are not available the sputum may 
be cultured in glucose blood broth (Avery’s method) and the broth and 
contained pneumococci used as antigen in the immunological tests. 

Variation. The smooth and rough variants that have been found in a 
variety of bacteria may also be observed in the pneumococcus. As in other 
cases, there arc various intermediate colonial types between the two extremes, 
and the pneumococcus is virulent in the smooth form and almost completely 
avirulent in the rough form. The change from smooth to rough is reflected in 
the microscopic morphology of the cells as a loss of capsule and the ability to 
form SSS. It was first observed by Stryker 20 that pneumococci cultivated in 
homologous immune serum did not form capsules; the ability of specific anti- 
body to inhibit the elaboration of capsular substance and thereby render them 
susceptible to phagocytosis is no doubt an important consequence of the im- 
mune response. Since type specificity is determined by the SSS, it follows that 
the change from smooth to rough is accompanied by a complete loss of type 
specificity; the somatic antigen is predominant and, irrespective of original 
type, the pneumococci become immunologically identical. The dissociative 
change may be reversed, although with difficulty, by animal passage or by 
cultivating the R form in the presence of anti-R immune serum, or in the 
presence of heat killed cells from a smooth culture. ' 

Transformation of Types. Of fundamental biological significance, however, 
was the discovery of Griffith 21 that the inoculation of mice with living R cul- 
ture mixed with a heat-killed suspension of smooth pneumococci of a type 
other than that From which the R culture was derived resulted in the con- 
version of the R variant to the S variety of the new type. These transforma 
tions of pneumococcus type have also been brought about in vitro by cultivation 
of R variants in blood broth in the presence of anti-R immune serum and heat 
killed smooth pneumococci of heterologous type. The S-R variation occurs m 
nature (its practical importance to human pneumococcus infections is not c ear; 
and R variants may be isolated from pneumococcus infections in man, 
whether the transformation of types likewise occurs in nature is not own 
The transforming substance has been shown to be a polymerized ri onUC „ 
acid which is active in inducing type transformation in very sma amoun 
(see p. 182). - . . t u e 

Pathogenicity for Man. As indicated above, lobar pneumom on £ ne j 
most important pneumococcal infection in man. The bacteria are no co 
to the lung, however, for they may migrate from this seat of m ec ion ^ 
the nasal passages or be distributed via the vascular system to \atio 
the body, to give rise to localized foci of infection. Pneumococcemi yy 

quent occurrence; available data indicate that 50 per cent is a a «r ^ ^ jn 
number of workers emphasize the prognostic value of bloo cu 

20 Stryker. Jour. Exp. Med., 1916, 24.49. 

si Griffith- Joyr. Hyg., 1928, 27-113. 

22 McCarty. Bact. Rev., 1946, iO 63. 
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first 5 years of this century, for example, about 75 per cent, of all cases reported 
in Great Britain occurred in London (M'Fadyean 1905). The disease used to U 
especially prevalent in the large studs of horses owned by the Municipal Omniks 
Companies ; onco the infection had been introduced, it spread rapidly through- 
out the stud. Apart from clinical cases there was an even larger number of 
carriers, which served to propagate the disease and to render its control extremdr 
difficult. 

Mode of Infection. — The mode of infection is not at all clear. Though primary 
disease of the lung appears to be very common, the belief has grown op 
that infection does not occur by the respiratory tract. It is difficult to gather 
from the literature the real incidence of primary glanders of the lung. There are 
many other diseases that give rise to lesions closely resembling the glanders nodule 
(Riegler 1905, Joest 1915) ; and our impression is that in the past many true 
cases of glanders have been classified under other headings and vice versa. Expen- 
mentally, most attempts to produce chronic pulmonary glanders via the respiratory 
tract have failed ; intratracheal and intranasal injection of the bacilli have res te 
in the acute disease. Most workers have therefore concluded that infection docs 
not ordinarily occur by this route. On the other hand, typical pulmonary esions 
have followed infection by the mouth (M'Fadyean 1904, Bonome )• n 
animals infected in this way, however, it is usual to find some degree o in 
matory reaction in the intestinal mucosa and submucosa, together wi JFF 
plasia and necrosis of the mesenteric glands. As these lesions are un ^®, . 
horses dying naturally, it is by no means certain that the disease ee U P' 
corresponds to that occurring spontaneously. Bonome (1906) «"•»«£“£ 
discrepancy by assuming that the intestinal and mesenteric glan u ar 
retrogress so that in about 2 months only the pulmonary lesions are PP 

Without discussing this question any further, we may point 0 , (or Jn j 

with tuberculosis, in which much the same arguments have e jj, fo. 

against the respiratory route of infection (see Chapter ). bvabjorpt ion 
fectious material in glanders reaches the lungs by “ ? . ’ J ree scntti« 

through the pharyngeal mucosa, or by passage through . that the 

glands, it is impossible to say with certainty. The important po mt ^ ^ 
nasal and pulmonary discharges, and sometimes the BUSCe ptiU« a”® 1 

suflering from glanders are infectious, aad ‘^at ..f . liable to conW tl 

coming into contact directly or indirectly with these discharges 

the disease. . , b su bcutai>cou 

Reproduction of the Disease.-Farcy may be tronsm occur 1/ 

inoculation. Under natural conditions, it is proba <* ^ wally „,ct.«U« 

direct infection of the skin-as in grooming-wherr J dcr3 no dol« 

infections of pulmonary origin. In nearlyevery;^o farcy, 
are present in the lungs at necropsy (M ™ p fccdinB with c»lt«£ 

Glanders may be reproduced in horses, asses, and mui / „ „ re c 

.fthehaciiiu.and^ou.n^s.— JV, ^ 


Epidemiology in Man.— Glander 
ceeded in collecting reports of 1^6 


It is a 


common. > vT0 

protean disease, and pro 
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most instances the case fatality is considerably higher when pneumococci are 
present in the blood stream- Avery, Chichering, Cole and Dochez- 3 observed 
a case fatality of 55.8 per cent in those with positive blood cultures and 8.3 
per cent of patients with negative culture. Similar results have been reported 
by others 

Among the pathologic processes that occur as complications and sequelae of 
pneumococcus pneumonia, or, it may be noted, as independent and primary 
affections, are inflammations of the pleura, pericardium and meninges. Men- 
ingitis and otitis media are frequently secondary to pneumonia, and the connec- 



Fig 54. The incidence of pneumococcus tvpes in lobjr and bronchopneumonia ob- 
served in a tuo-> ear survey in California, Colorado. Illinois, Louisiana, New Jersey and 
Missouri in which pneumococci from 12,447 cases of lobar pneumonia and 3847 of 
bronchopneumonia were typed. The relative predominance of T>pe III over Type II is 
sometimes observed. Note the more common occurrence of higher types in bronchopneu- 
monia, the relative incidence of mixed types, ie, those reacting to more than one 
antiserum, and the incidence of t> pes other than the first thirty three. Data from Rumrcich 
et al • Pub Health Repts., 1943, 58 121. 

tion between inflammation of the middle car and meningeal infection has often 
been noted To those inflammatory conditions of pneumonococcal origin might 
be added a long list of others provoked bv the same organism. There appear 
to be few, if any, organs or tissues that are not under some circumstances sub- 
ject to attack. Sinusitis, parotitis, conjunctivitis, enteritis and a great variety of 
other affections are occasionally due to the activity of pneumococci. In general, 
pneumococcus infections of this type tend to a more favorable outcome than 
similar infections with streptococci or staphylococci. 

Resistance to pneumococcal infection is, in large part, a matter of individual 
predisposition, and the mere presence of pneumococci in the upper respiratory 
tract is not alone sufficient to bring about pulmonary infection. Specific im- 
munity plays a negligible part in resistance, but the complex of factors as- 

23 Avery, Chickenng, Cole and Dochez: Acute Lobar Pneumonia. Monographs of the 
Rockefeller Institute for Medical Research No. 7, 1917. 
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to agar containing 1/200,000 crystal violet so as to suppress Gram-poniire or™, 
isms ; colonics of the glanders bacillus may be detected by McLeod's oixL 
reaction and confirmed by slide agglutination (Miller el al. 1518). A more sen*™ 
method, however, is to inject the material, preferably after preliminary incubation 
with penicillin, subcutaneously into a guinea-pig or hamster, recover the bacillus 
from the enlarged glands, andinjcctitintraperitoneallyintofresh animals Cultura 
should always be tested for virulence, and the characteristic Straus reaction 
elicited (sec p. B79). Not all strains of Pf. mallei are virulent on isolation; 
sometimes two or threo passages have to be made before the typical disease 
develops (Dudgeon et al. 1918). As a rule material from the acute disease m 
horses proves virulent, but from the chronic disease it is generally' a virulent. 

The Straus reaction is not diagnostic of glanders ; swelling of the testicles and 
periorchitis may occur after injection of guinea-pigs with organisms of the Brucella 
group, with Actinobacillus lignicrcsi , with Preisz-Nocard’s C. ovis , with Pf. uhitmori, 
and with, a few other species less commonly met with. 


Mallein Test.— 'This is used for the diagnosis of latent or chronic glacdera is 
horses. Mallein is prepared by growing the glanders bacillus in flasks of peptone 
veal broth containing 4 per cent, of glycerol. After 15 to 20 days’ incubation 
the cultures are sterilized in the autoclave, concentrated to one-tenth of theii 
volume in a water-bath, and filtered through paper (Nocard 1895). The resultant 
product is a syrupy brown liquid ; before injection, this crude mallein has 
to be diluted about 1/10 with sterile water or 0 5 per cent, phenolized saline 
Sometimes mallein is prepared by simple filtration, without concentration, of a 
broth culture ; 1 ml of this product is used for injection. The suheutaaeow W* 
is made by injecting 2-5 ml. of the diluted mallein under the skin of the neck 
positive reaction is characterized by (1) a local swelling, congestion, and ffdenu, 
often very extensive and painful, appearing some hours after the moc a w 
increasing for 30 to 36 hours, and lasting for a week or more ; it never nuppura > 
(2) a systemic disturbance, with a riso of temperature, dullness, dcpressi • 
shivering, anorexia and other symptoms ol illness the temperature 
the 8th hour, reaches its maximum from tho 10th to the 18th hour, an ® ^ 

after 3G or 48 hours. The interpretation of the reaction is large y a m e 
experience. Generally speaking, a good local reaction with a rise 0 j, e 

of 2° C. or ovor can be considered positive. A rise of only 1 ° 

accounted positive if the local reaction is typical ; otherwise it sho ® ^ 

doubtful. If the rise of temperature is less than 1-0° C„ the reac ion ^ 
A rapid rise of temperature, however high, if succeeded by an J ^ (gjl 
is of no importance. Old hoTses may fail to react. In dou cj05 ej 

should be repeated after 4 weeks. In normal horses the injection ° j n 21 to 
a very slight reaction ; the small local cedomafcous tumour is p 


30 hours. . miv be taken & 

A positive reaction, even in the absence of clinical l&case, ^ (bat, 
proof that the horse is glandered Extensive use of t e cs 1 , ^ per C o»t , 

judged by post-mortem findings, a positive result is <; orrect 1 ” tim , e e BA* 

I nfgaht e in 96 per cent, of coses. (For mtcrpretation of tie ^ 

1891, MTadyean 1893, Bonome 189i, Fotli 1891n, 6, Rep“ 

Hutyra and Marek 1926 ) ,rf trine from fever- ^ 

The subcutaneous test is inapplicable to horses suff S ra „ M of" 1 '' 
also the disadvantage that it is sometimes followed b) the If* 



390 


The Pneumococci 


soda ted with a state of physiological well-being is of the greatest significance. A ' 
preliminary depression of resistance by other infections, severe or sudden ex- 
posure to cold, fatigue and other predisposing factors, is an almost invariable 
preliminary to pneumococcus infection. The part played by pneumococcus 
pneumonia in the fatal termination of many diseases, for example, is well 
known. 

The Pathogenicity of Pneumococcus Types. The case fatality of pneumo- 
coccus pneumonia is relatively high and indicative of the pathogenicity of these 
bacteria once they have become established in the lungs. The pneumococcus 
types differ from one another in this respect; the case fatality in Type 1 in- 
fections is 25 to 30 per cent, that of Type 2 about 40 per cent, that of Type 
3, 40 to 60 per cent, and that of Group IV infections perhaps 15 to 20 per 
cent. Because of the relatively recent differentiation of the types comprising 
Group IV, data on case-fatality rates for these types are very meager as yet. 
The frequency of occurrence of the pneumococcal types in lobar pneumonia 
and bronchopneumonia is given in Fig. 54. Here the ten leading types are: 
1,2, 3, 4, 5, 6, 7, 8, 14 and 19. In some series Type 2 is more frequent than 
Type 3 and in others, including this one, the reverse is true. 

Pneumococcus Carriers. As a strict parasite, the pneumococcus is found in 
man rather than in his environment. Healthy carriers of these bacteria are 
common; 40 to 60 per cent of groups of persons examined have been found to 
harbor pneumococci in the upper respiratory tract. This proportion is variable, 
however, being relatively high during the cold months of the year and higher 
among groups of contacts than among non-contacts. The carrier state is not 
permanent but rather sporadic and intermittent; many persons may carry 
these bacteria for a short time, particularly while having colds and other infec- 
tions of the upper respiratory tract, while others may carry them for longer 
periods. There is also a seasonal fluctuation in that increased numbers are 
found in the winter months. . . 

The great majority of pneumococci found in carriers are the relative y 
less virulent types of Group IV. Types 1, 2 and 3 are much less frequent y 
found, but an appreciable portion of the population may harbor these types 
any one time (see table). In the study made by S mil be, Calaerone an^ 
Onslow 24 almost every type of pneumococcus was encountered; many in 
dividuals carried two or more types simultaneously. The types most common 
found were 3, 7, 21, 25 and 11 in that order of frequency. It is not cie 
whether an appreciably effective immunity is developed by earners. 

The Epidemiology of Pneumococcus Pneumonia. 20 Pneumococci are 
seminated chiefly through the secretions and discharges of the mo _. on 
upper respiratory tract by direct contact between persons. * m ; C ro- 

(p. 231) undoubtedly plays a large part in the transmission o e 
organisms and perhaps accounts for the seasonal incidence o . 0 f 

(Fig. 55) and the increased frequency of carriers during the co 

While it is obvious that pneumococcus infection is always exogeno 

2 *Smilhe, Calderone and Onslow: Amer. Jour. Hyg., 1943, 37 ■ 1 S6. . 74 , 

25 Cf. Finland, Brown and Barnes: Amer. Jour. Hyg-. Sec. d, 

?8 See the review by Finland: Medicine, 1942, 21:307, 
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organisms. Snkamoto (1030), however nCi nuc j c °protcin substances in ft, 
turns of I’f mallei, with which a specific prccmitet,W° ( "t p0 '>™ chM ' d « from cl- 

glu 

191 

(Iiscaso in m „l C3 , as9c3 , „ nd * ^agnosis „f‘i 

has a 8 t rong nnticomplcmcntarv action ?’ ,. Uood of ' rh,c, ‘ “ ol ‘"frequently 

the conglutiuatiug complcme„tmhsorpti„n St"Lm “’v”'* < ?° 0mbs " 9,i l 

complement-fixation test i„ p - 1 ,s more wnmtive than the plain 

^1? £ i° lM r»ufcr a fiehl I concIi*tbiw nit,nta ^ £an ^ er8 * n b, ° n * e3 but 

of film'd rs In practhc 1“ ‘7° ? f lc,ls “™ for the diagnons 

ordinary routine work «,» l et ? ■ t ° ^ '"“vdy on any one alone. let 
conjunctival maJlein tests. If t i,.'°7'" ntl0 . n " th ? complement-fixation and the 
employed. ' fii'e e doubtful result, the other tests maybe 

.doa In o”™v!,h,r'l7 7, bCCn Wcd 80 8cW ° m ‘tat it i, difficult to gain an, 
agglutiuatio tes't , rf' f ( ', 026 ) r “P orf “ « «« i" which it wa, positive. Tie 
invarmhlv cunt un i° ,- C •"''*! ln,b cm ’ *1“ forum of normal persons almost 
ho tiim mav in a t.trc ranging from 1/10 to 1/320 In gland, a 

1918 Cram?. , arm V&.120 (flalticr 1881. Collins 1903, Dudgeon rid. 

Several r o i". * t ° r ^ >ut 0,1 ^‘ e °tl‘er hand it may be extremely low 

onlv jin f n w/vi\r» ,con r [ > I )0rtetl in which no agglutination occurred at all, or 
The i , j G , ’ rk,,K,ls and Kemlitigcr 1902, Bernstein and Carling 1909). 

m y Ic J mcnt ' flxa ^on reaction is sometimes of valuo (Watson 1923, Sabolotny 
jj ‘ 1ono °« coc yt°3i8 is often present in acute glanders (Gabritfides and Rem- 
linger 1902, Bernstein and Carling 1909). 


Immunity, Treatment, and Prophylaxis. 

There is a considerable amount of evidence to show that horses may recover 
spontaneously from glanders (Nocard 1900). Only a small proportion of apparently 
ea ly horses that give a positive mnllein reaction subsequently develop clinical 
signs of tho diseaso (M'Fadyean 1900). If they are carefully observed, many of 
them are found to lose their reaction to mallein. It must be noted, however, that 
tho disappearance of the mallein reaction is no pro >i of cure (M'Fadyean 1901, 
Bonome 1906). Spontaneous recovery from gland" s does not leave the animal 3 
with a high degree of immunity. If exposed to naWral infection or experimentally 
inoculated with glanders material, they not infrequently again contract the disease 
(M'Fadyean 1900, Nocard 1900, Mohler and Eichhorn 1914). 

Numerous attempts have been made to produce an active immunity togfan w* 
Using graded doses of morvine — a substance similar to mallein — Babes (1 j 
stated that he was able to immunize guinea-pigs. Nicolle (1906) likewise claims 
to have immunized guinea-pigs (1) by repeated doses of dead bacilli ; (2) by repea ^ 
injection of living organisms in very small doses ; (3) by a single injection * 
living organisms in a non-fatal dose. But attempts to render horses immune / 
vaccination or injections of mallcm have not been successful (M'Fadyean ■ 
Mohler and Eichhorn (1914) vaccinated horses with 3 or 4 doses of dried aC[ 
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last analysis, for practical purposes it is probably endogenous in a large propor- 
tion of cases. With a high earner rate pneumococci are frequently present in 
the normal individual, and when resistance is reduced to a sufficiently low level 
they are able to set up an infection. The high incidence of pneumococci of 
Types 1 and 2 (Fig. 54) as contrasted with the low carrier incidence of these 
types, together with the occurrence of seeming epidemics of pneumococcus 
pneumonia on a small scale, has been regarded by some as evidence of exo- 
genous infection. It is more probable, however, that the greater virulence of 
some pneumococcus types operates as a selective factor to disturb the random 
distribution of types in pneumococcus pneumonia. It is known, for example, 
that minor respiratory infections may be common or epidemic in small groups 


PNEUMOCOCCUS CARRIERS* 



• Modified from HcflronV 7 data. 

f The incidence of types is greater than the incidence of earners because in some instances 
more than one type was found. 


such as a family. If a given type of pneumococcus of high virulence invades 
and spreads within the group so that a high proportion of the individuals 
become carriers, the operation of factors which reduce resistance in the group 
may result in one or more members coming down with pneumonia due to the 
type carried. Smilhe and Jewett 27 observed just such a sequence of events in a 
group of children in a nursery. The group was invaded by a virulent Type 14 
pneumococcus which caused no harm but when the individual developed an 
acute respiratory infection, the dormant pneumococcus spread to the middle 
car, conjunctivae and lungs. Such children were sent to the hospital ward and 
carried the pneumococcus which spread to most of the children there. Again, 
the infection was activated, sometimes with very serious consequences, on 
the development of respiratory infection 2S 

Other epidemiological characteristics of pneumococcus pneumonia include 
seasonal incidence (Fig. 55), which corresponds roughly with the carrier 
rate; the age incidence, characterized by high morbidity and mortality in in- 
fants and the aged; the higher incidence in males than in females, and the 
apparent greater susceptibility of the Negro as contrasted with the white race. 

,T Smillie and Jewett: Amcr. Jour. Pub. Health.. 1942, 32 9S7. 

** Tor a detailed experimental study of epidemic pneumonia see Hodges and MacLeod: 
Amcr. Jour. II)*, 1946, 44 183, 193, 207,231,237. 
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QlANDERS AND MELIOIDOSIS 


The disease appears to be primarily one of rodents. At Kuala Lumpur in tie 
Federated Malay States, Stanton and Fletcher (1925) stated that it had been 
present first epidemically and later in a sporadic form amongst their stock of 
laboratory animals during the previous 12 years. The earliest symptom in rabbits 
and guinea-pigs is a white milky discharge from the eyes and nose ; later dyspnaa 
occurs, followed by death. At post-mortem in acute cases, there are few signs 
except yellow miliary nodules on the nasal septum. When the disease has 
lasted for Rome time, minute caseous nodules of focal necrosis are found in the 
lungs, spleen, and sometimes in the liver. 


Cases of natural infection have been recorded in wild rots, ono case in a cat, 
and one m a horse. In Queensland fatal cases have occurred m sheep (Cotieiv 
1950). Rodents can Iks infected experimentally by feeding and by injection of 
the bacilli into the tissues (see Chapter 19). 

How man contracts the disease is not clear. The organism can seldom he 
demonstrated in wild rodents. Alain, Saint-Etienne and Keynes (1919), who studied 
28 human cases, noted that some of them came on when the patient was in hospital 
under treatment for another illness. Some cases have undoubtedly followed con- 
tamination of the skin, as in morphia addicts, but Stanton and Fletcher (1932) 
regard the alimentary tract as the most probable route by which the organisms 
gain access to the body. 

Diagnosis of the disease in man during life is not always easy. The organisms 
can be cultivated from the blood, from abscesses and sinuses, superficial pustules, 
and the urine. Splenic or hepatic puncture may be useful for obtaining infective 
material. In one case Martin (1931) isolated the organism from the cerebrospinal 
fluid. Suspected material should be cultivated on glycerol agar and inoculated into 
guinea-pigs or hamsters. One patient tested gave a positive mallcin reaction. 
Agglutination is not of much value, partly because most patients die before agglu- 
tinins have had time to develop, and partly because normal agglutinins to 1/80 or 
over arc sometimes present in healthy persons. At autopsy the organisms can 
be readify isolated from the visceral lesions. (For general review of the disease see 
Stanton and Fletcher 1932, dc Moor et al 1932, Souchaul 1932, Couture 1935 1 

No satisfactory ticatincnt is yet known. Penicillin is valueless, la vitro bot i 
chloramphenicol and aureomycin inhibit the growth of P/. xdatmri, hut in expert 
mental infectious m guinea-pigs auroomycm, even when started at the tme ' <j 
infection, proved powerless to alter the course of the disease (Chucks um I- 
There is some slight suggestion that the sulphonamvdes may have a bencficia t tc . 
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The Pneumococci 

Bacteriological Diagnosis of Pneumococcus Infections. The pneu- 
mococcus may be isolated by culture or animal inoculation from specimens 
such as sputum, pleural exudate, blood, spinal fluid, pus, etc. Blood agar is 
the medium of choice, the bacteria growing up in twenty-four hours as small 
colonies surrounded by a zone of green hemolysis. It is not possible to dis- 
tinguish them from a hemolytic streptococci by colonial or microscopic mor- 
phology but differentiation may be made by the fermentation of inulin and 
bile solubility of the pneumococcus and its immunological reactions. Blood 
specimens are cultured in buffered dextose veal infusion broth, containing 
5 mg. per 100 ml. of p-aminobenzoic acid if the individual is undergoing 
sulfa drug therapy, as in the case of culture of the streptococci. A portion of 



l 1 1 1 — , 

Fig. 55. The seasonal incidence of pneumococcus pneumonia. Averages ° n ™J n l 
of reported cases and deaths by months for the years 1939 to 1945 incmsne 
Supplements to Public Health Reports. 


sputum, washed in three changes of sterile saline and emulsified in sa 1 ’ 
may be inoculated intrapcritoneally in a white mouse. With virulent sjrai ” . _ 
animal will show signs of illness in five to eight hours and microscopic exa 
tion of smears of peritoneal exudate will show large numbers or encap 
diplococci. ,, i ,], e 

The pneumococcus is identified and typed with antiserum, usua v ^ 
Quelhtng reaction through agglutination, precipitin tests may e u ^ 
When large numbers of the bacteria are present in sputum, t e yp 
be done directly without culture or mouse inoculation, but since ® ^ jeaCr 
reaction is inhibited in the presence of large amounts 0 , ' n j ^ eaI I£ e r t on 

tions are not significant. Typing is readily carried out, as m ica e 
pneumococci present in mouse peritoneal exudate or cultures g j J 3 bo- 

Patliogcnicity for Lower Animals. The susceptibi it> 0 ^ highly 

ratory animals to pneumococcus infection is variable, ranging ro 




CHAPTER 63 

CHOLERA 


History.-— Though cholera has been endemic in India for centuries, there is 
no record o! its spread to the rest of the world previous to 1817 (Rirchner 
1906). Between 1817 and 1823 it invaded many parts of Asia. The second 
pandemic, 1826-37, was more widespread. Starting in India, it spread to Russia 
in 1829, and thence to Poland, Germany, Austria, Sweden, and England. Throngh- 
ont the years 1832-33 the whole of Europe was ravaged. Four thousand deaths 
occurred in London alone, and 7,000 in Paris. Canada and New York 
were infected by Irish immigrants fleeing from their native country. The population 
of Cuba was decimated, and there was a heavy toll of life in Mexico, The third 
pandemic, 1846-62, again invaded Europe and America. In 1854 the number of 
deaths in England was 20,000, in Italy 24,000, and in France 140,000. America 
was infected by way of New Orleans in 1848 ; thence the disease spread up the 
Mississippi valley and reached California. In the fourth pandemic, 1864-75, the 
disease prevailed widely over Asia, Africa, Europe, and America. The fifth pan- 
demic, 1883-96, spread over Egypt, Asia Minor, and Russia ; there was a severe 
outbreak at Hamburg in 1892 ; and several ports in France, Italy, and Spain were 
infected. The present or sixth pandemic, which started in 1902, has been confined 
chiefly to Asia, Egypt, and the Southern countries of Europe In 1946 there was 
in China one of the largest outbreaks that has ever been experienced in the East. 
Though the disease has frequently been imported into England and America, since 
1873 it has not succeeded in gaining a foothold. With the improved sanitary 
arrangements of our western civilization, cholera is being gradually restricted m 
its field ; and it will probably not be long before it is forced back and confined 
once more to a few endemic foci, such as those in Lower Bengal (Ctaster 1913a, 


Elkington 1916). 

Bacteriology. — At the Berlin Conference of July 1884 Koch (1886a) announced 
his discovery of the causative organism of cholera — the comma bacillus or Id* 10 
cholera. During the previous year in Egypt and in India he had examined t e 
fames of 32 patients during life, and the intestinal contents at autopsy of 62 patien s 
who had succumbed to the disease. In not a single instance had he ai e o 
demonstrate the comma bacillus. The organisms were most numerous in the owe 
half of the small intestine. In acute cases they were present in almost pure cu tu , 
but in cases that had lasted longer, and in whom secondary changes had occur, 
the vibrios were few and more difficult to find. In a smear rora e rlc j 
stools or the intestinal contents of typical cases, the comma bacilli were 8 { 
with their long axes parallel to one another, presenting a pic ure sun , 

fish in a stream. The organisms reexe found in the mtestmal contents, m 
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susceptible mouse and rabbit through the less sensitive guinea pig to the cat, 
dog, chicken and pigeon, which are highly resistant. Rare instances of naturally 
occurring infections in the usual experimental animals have been reported, 
such a spontaneous epizootic of type 19 pneumococcus infection in the guinea 
pig was reported by Homburger cl air * Animal experiments with the pneumo- 
coccus present an example of the general law that susceptibility is characterized 
by general septicemic infection, resistance by the occurrence of a localized 
process. The mouse and the rabbit dc\elop a rapidly fatal septicemia, and in 
these animals lung lesions, when they occur at all, arc slight and usually lim- 
ited to the bronchopneumonic type It is possible to produce t> pical lobar 
pneumonia in the rabbit bv carefully balancing the susceptibility of the animal 
and the virulence of the bacterium through the use of attenuated cultures 
or previous partial immunization. Resistant animals, such as the dog, show an 
approximation toward the type of pneumococcus infection observed in man, 
and lobar pneumonia may be produced in monkeys by intratracheal inocula- 
tion 30 The lesions produced in monkeys were considered identical with those 
in human lobar pneumonia It is of some interest that pneumococci were found 
in the blood within six hours after their introduction into the trachea and 
before the signs of pneumonia appeared, suggesting the bronchogenic rather 
than the hematogenous origin of the infection. 

Man, therefore, may be regarded as an animal of rather high normal re- 
sistance This resistance may, however, be so reduced as to permit the produc- 
tion of localized manifestations, which in still more susceptible individuals 
may lead to a fatal septicemia In some cases death is due to overwhelming 
interference w ith respiration caused by the local pulmonary lesions, in others, 
to a general systemic poisoning or toxemia 

Immunity, Experimental animals may be actiicly immunized against 
pneumococcus infection by the injection of vaccines of the smooth, virulent 
bacteria, although the immunity is not of long duration, i.c., not more than a 
few months. The development of the immune state is accompanied by the 
appearance of antibodies, preeipitms, agglutinins and the like, as well as a 
protective quality in the blood serum. In man the situation is somewhat 
obscure, there is undoubtedly an intimate relation between recover)' and the 
appearance of humoral antibodies, but immunity following infection is slight 
and transitory, and one attack may succeed another after a short interval. 
Acme immunity in experimental animals is type-specific, however, and it is 
not improbable that under natural conditions different immunological types 
may participate in successive attacks 

The question of active immunization of man to pneumococcus infection 
is of continued interest. Results suggestive of its value were obtained from 
mass inoculation studies’ 1 in 1918-1919 in this country, and from the ex- 
tensive studies of Felton and his co workers.’- I Icidclbergcr ct nl.” have 
shown that the inoculation of type-specific polysaccharides induces an antibody 

s ” Ilomlnirgcr. Wilcox. Names and ('inland Science. 19-15. 102 -1-19. 

*« Make and Cecil Jour. Exp Med , 1920, 3J-403 
Cecil. Medicine, 1925, 4 395. 

« Cf. Tilton el a!.- Pub Health Rcpts . 1941, 56 1041 ei 

a » I leidclliergcr, Macl.e<<d. Kaiser and Robinson Jour. Exp Med . 1946, .S3 303. 
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Venkatraman, Krishnaswanu, and Ramakrishnan 1941) are of the opinion that the 

lor v,bno “ " ot a caus<! « f toe cholera. De Moor (1949) points out that the 
disease— paracholera caused by the El Tor vibrio is endemic, not epidemic occurs 
at all times of the year, causes sporadic cases only, has a low incidence rate and 
does not call for the imposition of quarantine, strict isolation of patients or mass 
immunization. 

Pathologically, cholera is essentially a local disease confined to the intestine. 
The organisms multiply in the lumen and reach enormous numbers/ On their 
autolysis they liberate toxic bodies that are apparently responsible for the irritating 
effect on the intestinal tract leading to severe and repeated purging, exhaustion, 
and death. The violence of the gastrointestinal symptoms seems to be quite out 
of proportion to the almost normal appearance of the intestine at post-mortem. 
The organisms do not invade the blood stream, but may often be isolated from the 
mesenteric lymph nodes after death (Chatterjee 1939). The cholera vibrio is very 
Susceptible to acid, and it has been suggested that lowered gastric acidity /nay 
predispose to infection ; this might help to explain the higher incidence of the 
disease in young children and in old people, and in patients suffering from malaria, 
pellagra, bilharziasis, and other depressing illnesses (Abdou 1948). 

Experimental Reproduction of the Disease in Animals and Man.— Natural cholera 
in animals is unknown, but there are certain experimental procedures by which 
a disease closely resembling cholera can be reproduced in guinea-pigs and 
rabbits. 

Using dogs and rabbits, Nicati andRietsch (1884) found that the direct injection 
of comma bacilli into the duodenum was followed by a fatal disease, characterized 
by the presence of vibrios in large numbers in the small intestine. Koch (18866) 
confirmed this observation, on guinea-pigs, but pointed out that the frequency 
of a fatal termination depended on the amount of trauma accompanying the 
injection. He tried to infect the animals by the mouth ; and in order to enable 
the vibrios to pass through tho stomach unharmed, he rendered the gastric contents 
alkaline by the administration of 5 ml. of 5 per cent, sodium carbonate solution. 
Twenty guinea-pigs treated in this way were shortly afterwards fed with 10 ml. 
of a broth culture of cholera. Only one died— an animal that had recently aborted* 
This suggested to Koch that the relaxation of the animal’s intestine might nave 
been responsible for the infection. Into his next batch of 35 guinea-pigs, therefore, 
besides giving the sodium carbonate and the cholera culture, he injected 1 mi. o 
Tinct. o pit intraperitoneally to paralyse the gut, and to prolong the stay o « 
vibrios in the small intestine. The result was that 30 of the animals die , ' 

playing before death weakness of the hind limbs and collapse. At j» ec rW» 
email intestine was deeply injected and filled with a flocculent colourless Hum, 
containing the vibrios in almost pure culture. 
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response which reaches a peak within six weeks and persists for about six 
months-, booster inoculation during the following eighteen months was not 
effective in raising the diminishing titers. MacLeod et al 3i found that such 
immunization significantly reduced both carrier rate and cases of infection 
with the pneumococcus types immunized against, though not the incidence 
of other types. In the aggregate, then, these data suggest that an appreciable 
degree of effective immunity may be produced by immunization procedures. 

The results of the therapeutic use of antiserum are variable, being excellent 
with some types of pneumococci and not with others. The treatment of Type 
1 infections with specific antiserum is relatively successful in that the case 
fatality is reduced from 25 to 30 per cent to 12 per cent. Type 2 infections do 
not respond quite so well to serum therapy, the case fatality being reduced 
from about 40 per cent to 25 per cent, and Type 3 infections are little bene- 
fited. Of the types comprising Group IV, Types 5 and 7 appear, on the basis 
of present evidence, to respond to serum therapy. Specific serum therapy is 
complicated by the existence of the multiplicity of higher types of pneumococci. 
Diagnostic and therapeutic antisera have been made available commercially 
for thirty-two types of pneumococci, but it seems probable that polyvalent 
sera, based on the frequency of occurrence of the higher types, will become a 
practical necessity. 33 Combinations to give such polyvalent antisera have 
been suggested by Eddy. 30 

Sulfonamide and penicillin therapy has, to a large extent, supplanted serum 
therapy. Antiserum is generally prepared in horses, but some observations 
have suggested that rabbit antisera may be more effective, in part because higher 
protective titers are obtainable than with horse serum and in part because the 
smaller antibody molecules (p. 309) should facilitate absorption. 
coccus antisera are standardized by titration of mouse protective antibody. 

It may be noted here that a bacterial enzyme decomposing the Type 3 spe- 
cific polysaccharide isolated by Avery and Dubos 39 protects experiment 
animals against Type 3 pneumococcus infection. 40 The injection of the enzyme 
preparations, however, produces untoward reactions, notably a febrile reaction 
and leucopenia, and therefore they have not been used in man. 


34 MacLeod, Hodges, Heidclberger and Bernhard- Jour. Exp. Med , ^Asso. 

35 See the comprehensive review of this matter by Finland : Jour. Amer. 


1942, 120 1294. 


36 Eddy Pub. Health Repts., 1944, 59.1485. . * > 

37 Horsfall, Goodner and MacLeod- Science, 1936, 84:579; Jour. Am ■ 

1937, 108. 1483, Goodner, Horsfall and Dubos- Jour. Immunol., 1937, 

38 Cf. Military Surgeon, 1944, 94:386. 

30 Avery and Duhos. Science, 1930, 72.151. . ArervJ Jour- 

40 Avery and Dubos: Jour. Exp. Med., 1931, 54-73, Goodner, Du 
Exp. Med., 1932, 55-393. 
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many of the problems presented by tbe disease. From a careful study of ca Sft 
histories he brought strong evidence to show that infection spread from one person 
to another. He concluded that the poison was of particulate nature, that it was 
swallowed accidentally, that it increased in the stomach and bowels, and that it 
was voided in the stools. He gave the first properly documented description of a 
water-borne outbreak— the famous outWk associated with the Broad Street pump 
m Golden Square ; and by a further painstaking study of the distribution of cholera 
cases among inhabitants in South London supplied by different water undertakings 
brought convincing evidence of the part played in the dissemination of the disease 
by water specifically contaminated with human excrement. He noted that soiled 
linen might spread the infection and that flies might carry the poison mechanically ; 
and he anticipated current practice by his observation that both storage and 
sedimentation of water led to the disappearance or decomposition of the poison. 
Finally he laid down rational preventive measures based on personal cleanliness, 
avoidance of the faecal contamination of food and drink, and destruction of the 
poison by cooking or other means. 

In India cholera is most prevalent during the hot weather. Thus in Lower 
Bengal the maximum incidence is reached from February to May ; in the Punjab 
from May to October (Rogers 1911). The disease is commoner in men than in 
women. The case fatality is lowest in the 11-20 age group, and increases with 
age ; in the figures cited by Rogers the case fatality in patients between 11 and 
20 years of age was 51-3 per cent., in those over 50 years of age it was 73*7 per cent. 
The effect of atmospheric conditions seems to vary in different parts of India; 
those who are interested will do well to study the very careful statistical analyses 
made by Russell and Sundararajan (1928). The disease in India occurs with a 
certain periodicity, and by calculations based on the relevant data it is said to be 
possible to predict an epidemic 2 or 3 months ahead of its occurrence (Russell and 
Sundararajan 1928-27). 

The true home of cholera is the delta of the Ganges. Here the disease has 
occurred year after year for centuries. Previous to 1817 it had apparently never 
spread widely from this area, but Bince that year it has manifested an increasing 
disposition to invade not only other parts of India, but almost the whole worl 
The only other major endemic area is the Yangtse valley. The disease appears 
to be endemic m Central and Southern Madras, Burma and the Philippines, 
recurs frequently m other parts of China, in Jndo-China, Thailand, tue Butch as 
Indies, the Philippines, and Japan, but these should probably not be regar c as 
true endemic centres (Bernard 1935). In India the number of deaths from choier 
during the 10 years 1898-1907 was 370,000 or 164 per 1,000 of the populat.on. 

It is the low-lying alluvial tracts and the seaports that are most mva e , 
high land the disease spreads less readily. 

Mode of Spread.— There ore many ways in which infection 
from the sick to the healthy person. A study of the e P lden “ 0, °^, , cn 
indicates, however, that outbreaks can be divided into those dep 
water-borne infection, and (2) case or carrier infection. described 

We have already referred to the classical water-borne °utbrc 8 
by John Snow. Another example is the Hamburg epidemic - , 

and two of its suburbs-Altona and Wandsbeck-were , p ovried ^ 
different water supply. Hamburg drew its water fr0 ® , t)l0 Elbe below 

above tbe city, and did not filter it. Altona drew its water from the n 
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THE GRAM-NEGATIVE PATHOGENIC COCCI 
(NEISSERIA): THE GONOCOCCUS AND 
THE MENINGOCOCCUS 


The gonococcus and the meningococcus are the chief representatives of a 
small group of closely related bacteria whose other members arc nonpatho- 
genic inhabitants of the mouth and upper respirator)' tract of man. Two groups 
of species arc separated from one another on the basis of pigment production, 
and further differentiation is made by means of fermentation reactions. 


FERMENTATION REACTIONS Or THE CRAM-NEGATIVE DIl’LOCOCCI 
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Pigmented varieties arc frequently found in the nasopharynx (tVcijterw fluid 

1 . 11 , 111 ). 

THE GONOCOCCUS * 

Ncisscr 3 in 1S79 first called attention to the constant presence of a peculiar 
coccus in gonorrheal pus. In cases of gonorrhea of recent origin this was the 
sole orginism found, it not only occurred in the urethral and VJginal dis 
charges of ordinary gononhea. but was present in the exudate in am juncthith 
1 1’rrvmi inmvlcjjx ef pucnhra « reviewed In the rrpxt i f the Cwninittec fix Sur- 
ve> of Hocjrth on the Gorvjovetiv and G-Kt-cncci! Infection. Th-mit »rvl 
Aintt. Jour. Svph., 1936. 20 Suppl- to No. 1. 

CVatrallJ. f d. tned. Wnvemch., 1ST9, 17 49?. 
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. , 1 , ? ; n0 " e 8 “7 IV ' d '™s« than 2 weeks. In Nile water contaminated with 

feces the rilmosurviml for 4 days (Goliar and Makkawi 1948), Some natural watcre 
for example the Jumna and the Ganges, appear to he unfavourable to its survival (Hant-in 

, Speaking generally, we may say that heat and desiccation are rapidly destruc- 
tive, but that under suitable conditions of moisture and temperature the cholera 
vibrio may survive outside the body for a sufficient length of time to be of epidemic- 
logical importance. 

Patients who have recovered from cholera usually cease to excrete the organism 
within a few daj-s. Gilmour (1952), who observed 113 cholera patients in Calcutta 
until 5 or more successive daily negative cultures were obtained from the stooh, 
found that approximately 70 per cent, were negative in one week after the onset 
of the disease, 90 per cent, in two weeks, and 98 per cent, in three weeks. Four 
patients excreted the vibrio intermittently for 20, 21, 23 and 25 days respectively. 
Longer periods of excretion have been recorded but, as Gilmour points out, cross- 
infection and reinfection cannot always be excluded. Some of the older records 
suffer from the fact that the identification of the vibrio was not as exact as it 
is now. 

In Shanghai, Peterson (1946) found no persistent carriers ; 99-8 per cent, of 
the 1949 patients he examined were negative by the end of the second week, and 
only one patient excreted the vibrios for as long as 17 days. It is probable that 
the vibrio often survives in the gall-bladder and from there is excreted into the 
intestine. Greig (1913) isolated it from the bile of 30 per cent of fatal cases of 
cholera and Chatterjec (1939) from CO per cent, (sec also Elkington 1016) Its 
isolation has been reported from the urine (Greig 1913~14a). 

Healthy contacts may become infected and excrete the vibrios without manifest- 
ing any sign of the disease. In endemic areas in India where “cholera nests” 
exist, Read and Pandit (1911) isolated the organism from the stools of 7 per cent, 
of close contacts of cholera cases. Occasionally cholera develops in these healthy 
carriers — so-called precocious carriers — and, if this occurs some time after their 
contact with cholera patients, it may be very puzzling to trace the source of their 
infection. Munson (1915), for example, discovered three healthy carriers in a prison 
in Manila. These were isolated and examined daily. Two of them, after haring 
been carriers for 16 and 17 days respectively, developed cholera, and the tnir 
developed it after 18 days and died in 8 hours. As Munson points out, this man 
might have travelled half-way round the world scattering his infection broadcast 
during his 18-day period as a carrier, and died of true cholera in a place tnaii) 
thousands of miles from any other source of infection. These cases are pm a *) 
exceptional, but there is evidence to suggest that many persons do not develop iw 
disease clinically for some hours — 24 or more— after the vibrios are ^ ons J?-\ 
in the feces (Crendiropoulo 1912). Possibly the Egyptian epidemic of 1917, wmn 
started at El Korein (Shouslia 1948), may have been initiated by a earner 
abroad, but its origin remains obscure p hft w. 

The spread of contact infection may be aided to some extent yJU ■ . 

vibrios have been isolated from flies taken in infected houses, from flie 0 b 
a post-mortem room m which cholera corpses had been exam n « ! TmZJo* 
feet of flies caught 17 hours after their experimental contamination ( ^ 

Contact infection is responsible for the usual chain-spread of cholera 
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due to gonorrheal infection. Pure cultures of this microorganism were isolated 
in 1885 by Bumm, 3 who succeeded in demonstrating its etiologic relation 
to gonorrhea by the inoculation of human volunteers. This bacterium, known 
generally as the gonococcus, has been termed Micrococcus g otiorrheae and 
Dipfococcus gonorrheac, bur the genus Neisseria is now more or less generally 
accepted and this bacterium is properly known as Neisseria gonorrheas. 

Morphology and Staining. In preparations made from gonorrheal pus 
the cells of the gonococcus occur in pairs, with the flattened sides in juxta- 
position, the appearance in stained preparations resembles that of a coffee bean 
In pure culture the cocci appear as oval or spherical and are oFten aggregated in 
irregular masses without the typical diplococcus arrangement. In pus smears 
the gonococcus occurs almost entirely within the leucocytes; frequently enor- 
mous numbers may be found packed within a single phagocyte. In the earliest 
stages of infection, however, gonococci may be found extracellularly, and the 



Fig. 56. The gonococcus from pure culture. Fuchsin; X 1050. 


same is true of cases of gonorrhea of long standing. The gonococcus is not 
motile and does not form spores. , 

The colonies of the gonococcus are small, translucent, finey grn 
with lobate margin and grayish white with a pearly opalescence \v • 

bv transmitted light. Larger colonies may be lormed on special me ia- 
appearance is, however, subject to considerable variation (see on • 
Unlike the pyogenic cocci , the gonococcus and related forms are gra ^ 
the, a staining characteristic that is of considerable diagnostic \ 3 u 
serves to differentiate the gonococcus from other cocci present m as j ona iJy r 
or vulvovaginal tracts. Other gram negative cocci may be foun occ ^ ^ 
sometimes within the leucocytes, but they are rare. The ten more 
colorization in the gram stain is variable. Some strains acco jCW j n t j, e 
readily than others, and gonococci embedded in masses of pus 
stain; hence the preparation of thin, uniform films is hig 5 y ^ 

3 Bumm Der Mtkroorgantsnms der g onorrhoischen $chle"»^“ I,,,cr ^ f 
baden. 1885. 
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off, they loo Vo no .lain. On .i«,xycli„latr citrate medium tl,o roUi,, „ , 10 

lactose frnwtitrrs, mom trnn.Iuovnt limn nclln colon!,, pwra f,J. ” 

Colonic, should l.c .thoroughly mhbcd op in online ,o„|„ form n homogenem., 
,ll,|c-n,ion, mill tested liv slide agglutination ngnin.t n suitahlc dilution of a >ernm 
iwihinimg «nlilmll,~i u, I, oil. the 0 antigen. of Gardner unit Ventnlrnimifs , u |,. 
grouji I (m c p. 6(0). A provisional ii!(*ntifiration may lx« made by (|,i, 
lint it should fM- n-im-inWroi! that mic of the 0 nntigmH of I*, cholmr is {.hared 
"it*> fort, ftraitii iitlaVvjtnr* and ati H fartor with Sabn, e»trri!ulis («*<? Oohir 
am! Mnkkuwi IlMF). Tin* s*li«I«* tr«<t, if positive, should !*• confirmed by the tnbe 
method, and the <-»h>»y should |#r inoculated info peptone water fur the cholera 
red test, into umimose sucrose and nnthimxc, into jinnee phosphate medium, and 
into Ihmjjlas' broth for hiimolyrin prixluction ( s ee Chapter 22). A vihrio ghin<» 
a positive cholera red mid n negative Voges-l’rosknuer reaction, failing to form a 
soluble lia'inolyin to “beep or po.it cells, fermenting mannose and sucrose hut not 
arabmose, and npplutimtble by a «j*erific 0 nMi«rrujn may lie regarded as « rJWer.i 
vibrio If further eonfinnation is required, it may be tested for pathopenity by 
the rot r.i peritoneal inoculation of mtu* or young guinea-pigs, and for su-ccpfihility 
to lysis by n lupli’titn* cholera antiserum —I’feifTer s(I8l>r») reaction. Vibrios h iving 
the O antipen of stib-prottp I, but ha-tnolyring slmep or po.it ce||«, Mong to the 
Kl Tor group. 

In typical eases of eliolern diri*ot plntinp on to a suitable solid medium i« tic 
most eX|M‘dif!oi)« and reliable method of diapnosis. Jn other ca vs and in earners 
a thud enrichment medium, such ns lb*ad‘s (KCIH) modification of Wihon ond blur's 
medium, should lx* ti-cd tu addition. Several methmls have Ixwn employed fur 
the isolation of cholera vibrios from water; enrichment media are required, and 
an attempt may lx* made to eoncentrntc the orpani«in« by preliminary filtration 
thrmiph a porcelain eaudle (see Panja and (Ibosb Hill). Cholera vibrios from acute 
cases are m the smooth phn*e, hut from comnlescents and from water they may 
be partly «r wholly rough am 1 i na pel u fumble by smooth 0 antiserum. 

During an epidemic of cholera the bacteriological diagnosis can usually be made 
by simple microscopical and cultural examination, supplemented, if necessary, 
by the cholera-rcd and the npglutination reaction, llut in non-epidcmic times, 
or at the Spinning ol an epidemic, especially in a country usually free rom 
cholera, the diagnosis ahould never be mado till nil the tests described have eu 
performed and found positive. 

The identification of vibrios from carriers or cholera contacts, and from non 
human sources such as water or milk, is often very difficult, and has to be I* r or “ lc 
with the utmost care. Vibrios are often found under these conditions (Dun^r 
1803, Kutschcr 1893, 1895, Gotscldich 1895, 1900, Haffbnc and Simpson 1M5, 
Xcufcld and Hnemlol 190V, ltuffcr 100T, Zlatogoroff 1909, Crendtropouto h . 
Cra.tcr 1913a, 5, 1914, Jcrmnljcvn 102G) tl.at 1-car an catrcmcly clone rescml an« 
to till- rl.olcrn v.l.no, and run In* di.tingui.hrd Iron, it only .) in J‘ , ^ 
liven in cholera stool., nntigrnirally a typical forma, sucl>»3'l |0 « • 

Cl.cn (1932-33), Yang and White (1931). AoU and Osh.ro (19SI), , »nd ^ 

arc often found. In tlic examination of sucli vilinw, attemp ■ (0 bn - ng 

repeated subculture and intraperitoneal inoculation of « u '" f vjlir L°ore barm- 
about a change to the typical ant, genic form Moat “^^^ively. 
les, to guinea-pig., but the pathogenicity teat Iaoking fo r the vibrio 

In the examination of suspected convalescents, 
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gonococcus stains with the aniline elves. but polychrome stains, such as Happen 
licim's stain, 4 arc more useful Intracellular granules may be found in stained 
preparations, but in general the gonococci from young cultures stain evcnlv. 
while older cultures (twenty -Four hours and older) contain large swollen in 
solution forms which may stain poorly 

Physiology. In its nutritive requirements the gonococcus is one of the 
most fastidious bacteria, particularly upon primary isolation An enriched me- 
dium is, of course, required for cultivation Earlier media were enriched by 
the addition of ascitic and hydrocele fluid. A proteose-3 hemoglobin agar has 
l»ccn used to some extent in this country, hut the most satisfactory medium 
is chocolate (heated blood) agar prepared with an infusion base. Nutritional 
requirements appear to be highly complex and arc not well known Mueller 
and Hinton** have devised a protein free hydrolyzed casein-starch medium 
that may be autoclaved and Boor'* has been able to grow the gonococcus on a 
medium containing tryptic digest of casein, cystine, dextrose and buffer. The 
cystine appears to he required by the gonococcus but not by the meningo 
coccus. Growth is markedly stimulated by glutathione in many eases, and in 
others strains appear to require it Synthetic media have lieen devised by Wei 
ton, Stokingcr and Carpenter 7 and by Gould. Kane and Mueller" winch 
contain amino acids, magnesium, iron, etc., and will support growth of the gono- 
coccus. A sufficient supply of moisture is essential, there should lx: water of 
condensation on the tubes or plates and the atmosphere of the incuhuor 
should Ik* kept saturated with water Incuhition in an atmosphere of increased 
CO_. tension, alxiut 10 per cent, greatlv improves growth and is a practical 
necessity in primary isolation With continued cultivation on lalmratory media, 
the gonococcus appears to become vimcwhit less fastidious anil some strains 
may cventtiallv grow upon the ordinarv infusion media. The preservation of 
cultures is dtflicult, however for the gonococci die off in two to three days at 
room temperature and in six to eight tins at 37° C hut will live longer when 
kept m the cold l ven upon continued transfer the gon<Kocxi the off and cul 
lures arc frcqucntlv lost I he optimum temperature for growth is 37* C 
growth dix*s not ixxur below 30° C . and temperatures of 30~ to 31° C. are 
dcfuntelv harmful The gonococcus will grow sparse)* under anicrobic con 
ditionshut is essentialk aerobic in character. 

With respect to deleterious mfluemx's the gonococcus is a delicate micro 
nrgimwu It is readih killtxl In licit js mdiratcxl above and !>v dilute anti 
septies 1 jx-r cent phenol frr evmiple kills in one to tlucx* minutes It is 
reimrkahlv sensitive to certain of the flume dyvs (p MO' and is rapidlv 
destrovcxl l»\ silver s.vlt\ T he gonococcus is s< notive todmng and, under ordi 
mrv conditions, can survive expMire to the .nr for only a vm short tune— 
one to two hours-altliough in misses of dricxl pm it miy live rxcxptmmllv 
for six to seven weeks. 

1 he gotiixomis is not very active hiochrnmallv Glucose is fermcntul. pnn 

* A nrilnf RTfm |n|.« nr «uin mmt stu I e» on i* «» su.n »rr Ib-nt! Rru Mo! 
j.sii l'*H 1 4*14 

* MoclW Jtv! |]m> IV* S,c Hr r.JAW I'M!. J* **0 

1*1 S l , r r„i M«i. J*>I2. S >22 

* Wrl* «. Si Ijntrf *rv| c jtp-rTt V.«vr. I'M* ‘>1 *7? 

kiif j ->.J Murllrr ! I7xt JH4 4~ 2s* 
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and the umnoculatcd. For this reason statistical analysis of most of Saves’ fisnres 
is not likely to afford much information on the value of vaccination An eLp- 
tion must be made for the Sanitary Corps, nearly every member of which ,3 
two inoculations before the disease broke out. A comparison made between the 
incidence of cholera among the members of the Sanitary Corps and amon- the 
combatants is recorded in Table 113 (taken from Greenwood and Yule 1915) ° 
The value of f is high ; and the probability that the difference in the attack 
rates between the two groups is attributable to chance is much less than 1 in 10 000 
(see p. 1748). Greenwood and Yule (1915) concluded from these results that 
anti-cholera inoculation ... is a prophylactic step of importance, although an 
exact statistical measure of the degree of relative immunity conferred cannot be 
provided.” 


A more recent attempt to assess the protective value of vaccination against 
cholera was made in India by Adiseshan, Pandit and Venkatraman (1947) and by 
Sckar (1947), who studied the incidence of the disease among inoculated and 
uninoculated subjects in Madras Province during 1942-8. The figures were col- 
lected during an epidemic and are therefore open to the unavoidable criticisms 


TABLE 113 



Not Attacked. 

Attacked. 

Total. 

Sanitary Corps . . . 

2,884 

13 

2,897 

Combatants .... 

112,613 

2,192 

114,805 

Total 

115,497 

2,205 j 

117,702 


X* =• 32-79. P = less than 0 0001. 


which this method of approach entails. Nothing, wc believe, but a properly con- 
trolled trial will tell us what the real value of vaccination is. 

Kollo’s vaccine — a 24 hours’ agar culture killed by heat at 55° C. for 1 hour 
and preserved with 0-5 per cent, phenol — or a modified vaccine prepared by growing 
the vibrio in broth for 3 days at 37° C., adding 0 05 per cent, formol, and incubating 
for 3 days at 37° C , is now generally used. The standardization and dosage vary 
in different parts of the world. Two doses, each of 4,000 million or< rnisms, shou 
be given at a week’s interval, or if only a single dose is practicable 8,000 mihon 
The vaccine should be prepared with strains of the Inaba and the Ogawa-Hikojima 
types so as to contain both O antigens of sub-group I. Other methods of vaccme 
preparation have been described (see Sokhcy and Habbu 1950). 

Bacteriophage Treatment.— Though the administration of bacteriophage pro 
phylactically or therapeutically has been recommended by others thaI1 " * 

(sec Mortal 1932, Astahov et of. 1930, Ashoshov 1933) there rs very ht e euden 
to suggest that it is of any particular value. The collector of rehab figures 
peculiarly difficult, and is rendered even more so by the fact that un^ ^P 
conditions of sanitation the bacteriophage is rapidly ‘ranrfer P 

to another, thus stultifying the usual experiments method of treating ah 
subjects. There is reason to believe that the replacem eat to 

colonies of the cholera vibrio m the intestine of convalescent c - 




3^6 The Gram-Negative Pathogenic Cocci 

due to gonorrheal infection. Pure cultures of this microorganism were isolated 
in 1885 by Bumm, 3 who succeeded in demonstrating its ctiologic relation 
to gonorrhea by the inoculation of human volunteers. This bacterium, known 
generally as the gonococcus, has been termed Micrococcus gouorrheae and 
Diphcoccus gouorrheae, but the genus Neisseria is now more or less generally 
accepted and this bacterium is properly known as Neisseria gouorrheae . 

Morphology and Staining. In preparations made from gonorrheal pm 
the cells of the gonococcus occur in pairs, with the flattened sides in juxta- 
position, the appearance in stained preparations resembles that of a coffee bean. 
In pure culture the cocci appear as Oval or spherical and arc often aggregated in 
irregular masses without the typical cliplococcus arrangement. In pus smears 
the gonococcus occurs almost entirely within the leucocytes, frequently enor- 
mous numbers may be found packed within a single phagocyte. In the earliest 
stages of infection, however, gonococci may be found cxtraccllularly, and the 



Fig. 56. The gonococcus from pure culture. Fuebsin; X 1050. 


same is true of eases of gonorrhea of long standing. The gonococcus is non 
motile and rlocs not form spores. t 

The colonies of the gonococcus are small, translucent, fine } £ r3n . 
with lobate margin and grayish white with a pearly opalescence w cn ’ v> ^ - 
by transmitted light Larger colonies maybe formed on special media, 
appearance is. however, subject to considerable variation (sec be otv- 
Unlike the pyogenic cocci, the gonococcus and related forms are gra^^ ^ 
tive, a staining characteristic that is of considerable diagnostic ta ue ,. a ] 
serves to differentiate the gonococcus from other cocci present in t 
or vulvovaginal tracts. Other gram-negatue cocci may be foun oc jg. 
sometimes within the leucocytes, but they are rare. The ten en ^ 
colorization in the gram stain is variable- Some strains deco orlze 3 ™ reW j n the 
readily than others, and gonococci embedded in masses of pus 'fj ie 

stain; fience the preparation of thin, uniform films is hi# y c 1 ^ ^ 

3 Bumm. Der Mtkroorganistutts Jer gouorrhoischeit 
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gonococcus stains u itli tlic aniline cl v t*s. but polychrome stains, such as P.ippen 
helm’s stain, 1 are more useful. Intracellular granules mav l>c found in stained 
preparations, but in general the gonococci from >oung cultures stain c\en!>, 
while older cultures (twentv-four hours and older) contain large swollen m 
solution forms which may stain poorl) 

IMiv Biology. In its nutritive requirements the gonococcus is one of the 
most fastidious bacteria, particular!) ui*>n prim.u) isolation An enriched me- 
dium is, of course, required for cultivation. Earlier media were enriched b> 
the addition of ascitic and hvdrocolc fluid A proteose-3 hemoglobin agar has 
been used to some extent in this counm, but the most satisfjctorv medium 
is chocolate (heated blood) agar prepared with an infusion base. Nutritional 
requirements appear to be highlv complex and are not well known. Mueller 
and Hinton*' have devised a protein free hvdrolyred casein-starch medium 
that may lie autoclaved and Boor*' has been aide to grow the gonococcus on a 
medium containing tryptic digest of casein, cvstinc. dextrose and hufTer. The 
cvstinc appears to be required hv the gonococcus but not In the meningo- 
coccus. Growth is markedly stimulated by glutathione in many cases, and in 
others strains a ppejr to require it. Svnthctic media have Ix-en devised by Wcl 
ton, Stokinger and Carpenter 1 and In Gould. Kane and Mueller' which 
contain ammo acids, magnesium, iron, etc., and will supi*>rt growth of the gono- 
coccus A sufficient supplv of moisture is essential, there should Ik? water of 
condensation on the tubes or plates and the atmosphere of the incuhitor 
should ho kept saturated with water. Incubation in an atmosphere of increased 
CO., tension, about 10 per cent, great I v improves growth and is a practical 
necessity in primarx isolation With continued cultivation on lalxiratorv media, 
the gomxTx-ciis appears to become somewhat less fastidious and some strains 
ilia) eventuallv grow ujmn the ordin.irv infusion media The preservation of 
cultures is difficult, however, for the gonococci die off in two to three davs at 
room tcmjxT.iture and in six to eight davs at 37° C hut will live longer when 
kept in the cold Even upon continued transfer the gonocoex'i die off and cnl 
lures are freqiientiv lost I he optimum temperature for growth is 37* (' . 
growth does not occur Mow 30° C-. ami temperatures of 40’’ to 41° C. are 
dcTtnitcIv harmful Hie gonococcus will grow sparv.*lv itmler amerohie con 
ditionshut is c*ssentl.ill\ aerobic in cli trader. 

With respect to deleterious influences the gonococcus is a delicate micro 
orgmism h is readilv killed l»v heat as indirated above and hv dilute anti 
sc plies. 1 per cent phenol, for eviniple. kills in one to three minutes. It is 
icm ukahlv sensitive to etrtain <*f the 11 nine elves (p 149^ and is rapidlv 
elestroved hv silver wits '| he gomxrxctiv is sensitive to drvmg and. under ofde 
o in conditions, can survive cxjaisurc to the air for onlv a verv short tune- 
one to two homv-althmigli in misses of dried pm it tnav live cveeptionvllv 
fur six to seven weeks. 

I lirgotirxfxctiv is not verv active hinchrmicallv. Glucose lx fermented, j>rin- 

1 A rnrthsl v*ecn pMi *sr stjin I .* rtsrnt »tu fin this sum «r I'jmtt 15m Mo! 

J Pin. l rn 

* Murlift ar*l 1fm a i«t I'r e W ISp T:»4 Mo!. I ‘Ml. 4s MO 

M’«* PrsAs Tep It.J Mol. lois. s 

* MV!* *l Vs l.«CTT ■t>IC*»priMrr VeKf, 11 V"; 

♦C;si1 !. k*ie »■*! Miirl'rr Ui- n»ct . ) r M4, 4" 



CHAPTER 64 
MENINGITIS 


Introductory 

Meningitis is an inflammatory affection of the membranes surrounding the brain 
and spinal cord, which occurs sometimes as a primary disease, and sometimes 
secondarily to diseaso of some other part of the body. 

Before the advent of bacteriology the tuberculous form was recognized, the 
cerebrospinal form when it occurred in epidemics, and the post-basic form in 
children. 

The discovery of the tubercle bacillus by Koch in 1882 provided a bacteria* 
logical means of distinguishing the tuberculous from other forms of meningitis 
Pneumococci were shown by Fxacnkel (1886), Foh and Bordoni-Uffreduzzi (1886), 
and others to bo responsible for the meningitis which occasionally complicates 
lobar pneumonia. In 1887 Weichsclbaum of Vienna published his classical 
paper on the finding of a Gram-negative diplococcus in six cases of acute 
cerebrospinal meningitis ; this organism he named the Diplococcus intracellularis 
meningitidis. The same year his work was confirmed by Goldschmidt (1887) 
and by Edlcr (1884-88). Jaeger (1895), in describing the differences between 
tho pneumococcus and the meningococcus, assigned to the latter characters which 
it docs not possess, and numerous papers were published during the follow- 
ing 10 years dealing with the differences between his description and that of 
Weichsclbaum (Scherer 1895, von Hiblcr 1896, Heubner 1896, Kiefer 1896, Kistcr 
1896, Still 1898, Councilman el al. 1898, Faber 3900, Jaeger 1903a, b, Albrecht 
and Gbon 1901, 1902, 1903). The correctness of Weichselbaum’s observations 
was finally established by tho extensive studies of von Lingeliheim (1905a, 4} 
during an epidemic of cerebrospinal fever in 1904-5. Sinco riat date 
Diplococcus intracellularis meningitidis of Weichsclbaum, or, as it is now called) 
Neisseria meningitidis, has been recognized as the causative organism of t e 
disease. Still showed in 1898 that the post-basic meningitis of children » due 
to a Gram- negative diplococcus apparently identical with Weichselbaum s> an 
subsequent work has shown that tho two organisms arc the same. 

Other forms of meningitis will be dealt with at the end of the present c ap er ’ 


Cerebrospinal Meningitis 

This is an infectious disease characterized by inflammation. of the ®® nin ^ 
particularly at the base of the brain. It may be acute or chronic, ® J TJie 
sporadically or epidemically. The causative agent is the menrngo , ' 
disease can be reproduced experimentally by the intrathecal moc a f0 

meningococci into monkeys and rabbits (see Chapter 23). T 
1630 
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cipally to lactic acid, but many other sugars are not attached, indol is not 
produced, nitrates are not reduced, and no change is produced in litmus milk. 
Catalase is produced, and a characteristic that has been turned to practical 
differential use is the formation of indophenol oxidase. McLeod et d. recom- 
mend the cultivation of suspected material on 10 per cent heated blood (choco- 
late) agar in an atmosphere containing 8 per cent carbon dioxide, followed 
by tiventy-four hours’ incubation in air. A 1 percent solution of tetramethyl-p- 
phenylenediamine is poured on the incubated plate and poured off again im- 
mediately or sprayed on with a nasal atomizer. Colonies of bacteria forming 
indophenol oxidase turn a bright purple color. The bacteria are not imme- 
diately hilled and may be subcultured within half an hour. This so-called 
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Fig. 57. Colonies of the gonococcus on blood agar. X 6. 

“oxidase reaction,” coupled with the (examination of smears for granvnegatne 
intracellular diplococci, is becoming generally used in the laboratory diagnosis 
of gonorrhea. . . 

« Toxins. Although a number of-attempts were made by the ear y uor 
ers to demonstrate the formation of,. toxins by the gonococcus, varia e : resu 
were obtained. These bacteria form a weak hemolysin, and their Ce su s a , 
will kill laboratory animals when injected in sufficient amount an w> ^ ^ 
suppuration upon instillation into the human urethra. A carbo i> ra 
complex has be6n prepared by Boor and Miller n .by extraction of t e ce ^ 
M/2 trichloracetic acid which is both antigenic and toxic to mice an 
regarded as an endotoxin. # . , c j, araC . 

Variation. Numerous ivorkers have observed that the cu u ^ 
teristics of the gonococcus are subject to considerable variation. ^ cor . 
found 10 that two types of colonies may be observed which a PP e ^^ \ 3r ge, ir- 
related with immunologic type. The one, designated as Tj pe , ,s 
. * c 

0 Boor and Miller. Jour Inf. Dis., 1944, 75:47. 

J° Atkin: Brit. Jour. Exp. Path., 1925, 6;235. 
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cases will' 2,020 deaths (Flcxncr 1907«). Extensive outbreaks were reported m 
France m 1009-10, ami m lexas in 1912. More recently the disease Las increased 
m some countries. There was a particularly severe outbreak in the United State* 
in 1928-30 (see He drich 1931). In England and Wales the incidence rose ^ 
300 cases and 284 deaths in 1923, to 2,152 cases and 1,440 deaths in 1931. There- 
after it declined, but rose sharply at the beginning of the second world war to 
reach in 1940 a maximum of 11,162 cases and 2,459 deaths. By 1951 both incidence 
and mortality had fallen by nearly 90 per cent. 

The disease attacks particularly children and adolescents. Compton (1918) 
finds that the most susceptible age is 0 to 5 years ; the susceptibility is slightly 
less from 5 to 10, distinctly less from 10 to 15, and for the remainder of life it remains 
fairly low at about 1/5 of that of the 0 to 5 age group. In the Danzig epidemic 
of 1865, 93 per cent, were under 5 years of age. The disease is unusual, however, 
in the first 3 months of life. It is somewhat commoner amongst males, but 
this appears to be related more to increased opportunity for infection than to 
any special sex predisposition. Miners and soldiers are the two occupational classes 
on which the disease falls most heavily, especially young recruits. The seasonal 
incidence is striking, the greater proportion of cases occurring in winter and spring; 
during 1915 and 1916 in England, 77 per cent, of the cases were in the first six 
months of the year. Much has been written about weather conditions, A low 
temperature, a cold wind, and increased humidity of the atmosphere appear to be 
predisposing agents (Dopter 1921), but it seems probable that these act mainly by 
leading to overcrowding indoors. Fatigue exerts a powerful influence ; it is the 
recruits, unaccustomed to the rigours of military life, who furnish the greater number 
of cases in the Army. Dopter tells an impressive story of a party of recruits who 
made a long, fatiguing march to join their regiment at Versailles. On reaching 
their destination cerebrospinal fever broke out, and of a total strength of 153 men 
no fewer than 79 developed the disease. 

II. Mode of Spread of the Disease. — The disease is endemic in large towns, 
from which, at least in the post-basic form, it rarely disappears. Every winter 
and spring a few fresh cases occur — sporadic cases affecting children, less frequently 
young adults — which appear at widely separated points having no apparent con- 
nection with each other. In villages the endemic state is practically unknown. 

Every now and then an epidemic breaks out. As a rule it starts insidious y 
by the occurrence of one or two cases at intervals of a week or more ; it then g 1 
to advance by the formation of small multiple foci in families, schools, barracx - 
or gaols. Often it works itself out in one focus before passing on to anon er. ’ 
at Strassburg (Dopter 1921) in 1840 the 7th line regiment was attacked in Vctob. 
three months later it spread to the 69th regiment, of which two c '- m P^ n ' ^ 


artillery were attaeked ; in February the 34th line regiment and lie . IB " “ j 
and in March, 6 months after the commencement of the outbreak. It 

the r r:rr the caeca are not abated together, 

as if there were no causal relationship between them. distributed 

1880 and 1885 the 180 cases of cerebrospinal fever that 

over 131 streets. . 0 ft en groups, which 

The spread of the epidemic .a ^ w hercaa others, »t«ated 

from their situation appear certain to be attached, esc i 
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regular, flattened, translucent colony that, on continued incubation, gives 

rise to surface papillae; the ■ r ^ TI 1 1 11 

round, raised with slightly 

are generally recovered fro 

laboratory strains and, so 0 

thought to represent the first step in transition toward the Type II form. The 
relation of these forms to the dissociative changes of other bacteria is uncertain 
Small colony variants, presumably arising from a dissociative process, have 
been produced experimentally 11 and have also been found on primary isola- 
tion from clinical material. 12 

Classification. The relationship of the gonococcus to the other mem- 
bers of its genus has already been discussed and need not be considered further. 
The gonococci are immunologically heterogeneous, and a number of attempts 
have been made to subdivide them into types. Most of the freshly isolated 
strains from acute cases appear to fall in one serological group, while old stock 
cultures and strains from chronic cases constitute a second subdivision which is 
regarded by some as a degenerative form. "Intermediate” and serologically 
“independent” strains occur, and a sharp differentiation may not be made. The 
chemical fractionation of gonococci has* indicated the presence of polysac- 
charide and nucleoprotein components which are shared by other species of 
Neisseria, the meningococcus and Neisseria catarrhahs. 13 Type-specific carbo- 
hydrate has been found in gonococci which is said to be responsible for the im- 
munological character of Type I and II, the two groups noted above. Specific 
agglutinating antisera may be prepared in rabbits and chickens by the intra- 
venous inoculation of living gonococci. The significance of these findings to 
gonococcal infection js as yet uncertain. 

Pathogenicity for Man. Few diseases are so widely disseminated through 
all classes of society as gonorrhea. Precise information as to the incidence of 
the disease is not available, a morbidity rate of 10 per cent in the United States 
*is generally accepted as a conservative estimate. It is calculated that about a 
million fresh gonococcal infections occur each year, and there is no evidence 
'of a downward trend 14 

As a rule the gonococcus attacks primarily the human urethra and gives rise 
to an inflammation which may be followed by chronic urethritis and stricture. 
There is a marked tendency for spread of the infection along contiguous 
mucous surfaces, resulting, in the male, in epididymitis and other inflammatory 
conditions. In the female, the entire gcnito-urinarv,tract may be involved, and 
the fallopian tubes, the ovaries and the peritoneum arc not uncommonlv 
invaded. The gonococcus may also invade the blood stream from local lesions 
and be carried to various parts of the body and give rise to a variety of extrn- 
gcnital lesions. Especial predilection is shown for the svnovial membranes 
of the joints, where it causes the so-called “gonorrheal rheumatism,” and for 
the heart valvts, where it produces endocarditis. Local or general complications 

“Raven Jour. Inf. Dis., 1934. 55 328. 

i* Morton and Shoemaker: Jour. Bact., 1945, 50.585. 

“Boor and Miller. Jour. Exp. Med., 1934, 59 63; Miller and Boor: Jour. Exp. Med., 
1934, 59 75 _ 

14 Vonderlchr and Usdton: Araer. Jour. Sypht 1938. 22.537. 
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During the war of 1914-18 observations of much interest were made on tie 
carrier rate. By swabbing large numbers of the military population in camps and 
depots it was found that previous to an outbreak of cerebrospinal fever the propor- 
tion ol carriers of the meningococcus increased steadily. The normal carrier rate 
amongst troops was recorded as 2-4 per cent., but preceding an epidemic it rose 
till it reached 20-30 per cent. Soon after it had passed the 20 per cent, limit 
isolated cases of meningitis began to appear, and as the epidemic gained foot- 
hold the carrier rate likewise rose, sometimes to as high as 88 per cent. 

Investigating the cause of this “ warning rise ” in the carrier rate,” Glover 
(1920) was led to suspect a relationship between it and overcrowding in 
the sleeping huts. These huts were at the best poorly ventilated (Eagleton 
1919-20), and during the stress of war the mobilization standard had been over- 
stepped, so that beds, instead of being separated by 1 ft. 4 in., were practically 
touching each other. Glover (1920) noticed that the carriers in a given hut tended 
to be aggregated together ; three Type II carriers were in adjacent beds, two Type 1 
carriers, and so on. This pointed strongly to the direct transmission of the meningo- 
coccus from one man to another sleeping in the next bed. Finding that the spray- 
ing capacity during normal sleep was not more than about 3 ft., Glover tried the 
effect of spacing out the beds in the hope that the infection would be diminished. 
The results obtained were in accordance with expectation. The effect of the 
distance between the beds was not confined to the carrier rate. At Caterham depot, 
where there was severe overcrowding, an outbreak of cerebrospinal fever had 
occurred during each winter of the war, but subsequently to the adoption of the 
spacing-out policy in 1917-18, not a single case occurred. 

Because of the far-reaching conclusions on the relation between overcrowding 
and the carrier rate, and the importance of detecting the “ warning rise,” Glover’s 
work has received a great deal of attention. 

In the Detroit epidemic of 1928-29, Norton and Baisley (1931) found no association 
between the degree of overcrowding in the home and the contact carrier rate. During 
the outbreak of 1931 at Aldershot, Armstrong and his colleagues (1931), from a study of 
the position of earners in dormitory barrack rooms, were unable to obtain any evidence 
that infection occurred mainly at night. The carriers were scattered quite irregular j 
without any particular relation to the position of the beds. Our own nasopliaryngea 
surveys of the civilian population carried out before the second world war shone us 
that the carrier rate in institutions may be as high as 20 per cent, and over, wit ou 
any outbreak of cerebrospinal fever occurring- Rake (1934) made the same obseryaio 
Perhaps the most striking figures, however, are afforded by Dudley and Brennan ( 
Working at the Chatham naval hospital, they found that between January, * *** 
March, 1933, there were 11 cases of cerebrospinal meningitis with a carrier rate ot a 
13 per cent. During the period March, 1933, to May, 1934, the carrier rate was to par 
yet not a single case of meningitis occurred. During the same perio a e 5 . 

Hospital, Portsmouth, there were 6 coses of meningitis with a carrier ro e o ony 1 P ' „ 

Analysis of the distribution of carriers at Chatham showed no constant relation* P 
the density of the population and the carrier rate. The Mjor raft jjn'b, 
spacious sleeping accommodation had as high a earner rat ^ 00 , „ ,or- 

with the worst sleeping quarters. Chair, Schocnbach and RooWl ^ ^ 
vey at on army camp in which cerebrospinal fever J „ swabbed S3 tunes in 68 iiav< 1 
however, in the unit they examined. A group of 99 men . , b harbounng 

no fewer than 91 of these men were found on one or mom orros.ons to^ ( 
meningococci in the nasophaiynx. The average carrier ra 
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occur in perhaps 30 per cent of all cases. Gonococcal meningitis occurs, per- 
haps more frequently than formerly thought. 1 '' 

Once established, gonococcal infection persists for a long time; five to fifteen 
years' duration has been reported, but exclusion of reinfection is a difficult 
matter. Carpenter and Westpha!, 16 however, have observed infection of seven 
years duration without reinfection. Following symptomatic cure by chemo- 
therapy^ gonococci may persist in the urethral secretions; Koch, Mathis and 
Geiger 17 found, for instance, that nearly one-third of a group of 926 patients 
followed after apparent cure continued to carry gonococci. In general, very 
little is as yet known of the gonococcus carrier or the part played by the carrier 
in the spread of the disease. 



Fig. 58. Urethral smear from gonorrhea. Gram stain. Note the intra- and extra-cellular 
position of the gonococci and their typical coffee-bean shape and arrangement in 
X 2400. 


Gonorrheal vulvovaginitis occurs in epidemic form in little girls, and in 
these instances the infection is transmitted by bedclothes, towels, common ban- 
tubs and other fomites. The commonest complications are urethritis, proctitis 
and cervicitis. Such epidemics are frequently excecdinglv difficult to contro 
and constitute a serious problem in many institutions such as childrens uar s 
in hospitals. ls r 

Gonorrheal ophthalmia of the newborn is a well-known consequence 
maternal infection, infection does not occur in utero but dunng passag 
through the birth canal. Although exact information is not obtama e, i 1 
estimated that 10 per cent of all cases of blindness are traceable to t lS ‘ ' 

and that in the United States there are perhaps 12,000 children in ,. j v 
this cause. The instillation of silver nitrate or other silver salts imme 


after birth prevents infection. 

15 Branham, Mitchell and Brainin. Jour. Amer. Med. Assn.. 1938, 110 1804. 
lb Carpenter and IVestpfial Amer. Jour. Pub. Health, 1940. 30 53 • 

17 Koch, Mathis and Geiger Ven. Dis. Inf., 1944, 25 35. , ^ the Med 

58 A cnmprehensn e discussion of vulvovaginitis in children may ° . , 19 - 10 , 

ical Officer, 1938, 59 191, 203, see also Cohn, Steer and Adler. Ven, uu. 

21.208. 
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perineural spaces of the olfactory nerves. Further wort showed that material micht 
pass from the nasal to the intracranial cavity by way of the blood vessels piercing L 

Mo’ to” If C ' Rn ° C “ a ! ,0l,Iil rc P'W™«»g prolongations of the subarachnoid Lee 
mto the olfactory mucosa, havo also been described traversing tho cribriform Ltc 
mth similar prolongations found in tho internal ear and around tha optin' 
nerve . but Clark was unablo to satisfy himself that these canal/culi had any direct com- 
mumcation with tho nasal lymphatic vessels. Jfethylene blue injected into .the «„b. 
arachnoid space benca rt ’ r — *-• * ’ ** - ■ 

tions, but also the \yj ’ ■ « 

Centrifugal, whereas t ........ ,* U1U t >jui tympu/ m tho perineural spaces may, as Clark’s 

observations hayo shown, be centripetal, and thus cany particulate material from the 
nose to the brain (see also Findlay and Clarke 1935, Fake 1937). 

Another possibility is that tho organisms may invade the nasal sinuses, «ofc up a purulent 
sinusitis, and reach the skull by the lymphatics, or by direct extension through the bone. 
Numerous observers have found a sinusitis in cases of cerebrospinal fever, particularly 
of the sphenoidal sinus. Emblcton and Peters (1915) examined three patients who had 
died of the disease, and found in each a sphenoidal empyema due to tho meningococcus. 
Against this view are tho facta that, though not uncommon, sinusitis is by no means 
constant in cerebrospinal fever, and that in children, in whom the disease is commoner 
than in any other class, the sphenoidal sinus does not develop before the third year of 
life, moreover it ia possible that the involvement of the nasal sinuses may be secondary 
to tho meningitis, the organism being carried by the natural flow of tho lymph stream to 
the nose. Fl&xner ( 10076) found in monkeys, injected intmpinatty, that the organisms 
might find their way from tho meninges to the nasopharynx. 

As well as the transethmoidal and the sphenoidal routes, it baa been suggested that 
spread may occur via the Eustachian tube to the middle ear and thence to the bram. 
Tins seems unlikely because of the rarity of otitis media in cerebrospinal fever, and of 
the lateness of its development when it does occur. 

The advocates of direct lymphatic spread from tho nose to tho meninges object to 
the hmmatogenous route of infection on the ground that blood cultures are frequently 
sterile, that positive results are not more common at the beginning of the disease than 
during its later stages, and that the arthropathies and visceral lesions which sometimes 
appear as complications occur fairly late in tho course of the disease, suggesting that 
the blood has become secondarily infected from the meninges ; that this may occur in 
animals has been shown by Flcxner (19076), who found meningococci in the blood subse- 
quent to intraspinal injection. 

(6) The Hematogenous Route. — M eningococci were found m the blood by Salomon 
in 1902; Jacobitz in 1905 reported two cases ; Elser (1905-00) obtamsd 10 posi w® 
blood cultures out of 41 — mostly in the first week of the disease ; Dieu < onue 
successful in 4 cases out of 5. During the war of 1914-18 Baeslzck (1918) a * u L ,s . 
workers cultivated the meningococcus 8 times from 22 cases, and Barber an e 
(see Herrick 1918) 12 times from 15 consecutive cases. Moreover the organism w 
cultivated from the petechial spots (Muir 1919), from the swollen periarticular ‘ 

(Still 1898), from the endocardial vegetations, and from other situations clear y 
by the blood stream. Cases of chronic meningococcal septicemia histag 
sometimes with ultimate recovery, are not uncommon (for references see P j f 

From these records it is clear tot an infect™ of to Mood » ft* 

must be remembered that the meningococcus is not an easy organism > ol 

.fit is present in only small numbers to chances of nbtammg .t .n bM * 

great. With ordinary care, however, at least 25 per cent, of the bleed cultures 
expected to be positive in to first week < »« *«<■ have been advanced 

As well as the finding of meningococci in the blood, other t jamingocoeM 1 

in favour of the hematogenous route. Clinical evidence h Herrick (1918) states 
septicaemia may occur without the development of me gi • 
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Except in the case of vulvov agimtas m children, gonorrhea is spread by direct 
contact, usually sexual Once infected, an individual may remain infective 
for a long time, and gonococci may persist m the gemto-urinary secretions 
for years after apparently complete recov erv, and even though they may not he 
found by bacteriological examination the infection may be transmitted. Gonor- 
rhea persists, then, in the human population in a smoldering endemic form 
and, as a consequence of the nature of its transmission, widespread epidemics 
in the usual sense do not occur 

Bacteriological Diagnosis of Gonococcus Infection . 19 The demon 
stration and identification of the gonococcus are essential to the diagnosis of 
gonorrhea and it should be home in mind that every case of gonorrhea is po- 
tentially a medico-legal case The presence of gram negatn e intracellular diplo- 



Fig. 59 The oxidase test for the identification of gonococcus colonies. Pure culture 
on blood agar. Left, gonococcus colonies before the application of tetra methyl -p phenyl 
enediamine solution Right, the same colonies after the application of the reagent Note 
the greater intensity of color about the edges of the colonies immediately after application, 
and the discoloration of the medium. X 5. 


of the gonococcus gn es a higher proportion of positive results than direct smear 
examination alone and cultured gonococci may, of course, be identified. The 
question of survival of this relatively delicate bacterium in transport of speci- 
mens is of some importance. No really satisfactory method of preserving speci- 
mens has been developed. Of the more recent work, it may be noted that Peizcr 
and Steffen-” found that immediate streaking of the swab on plasma hemo- 

19 For a recent and detailed summary of the laboratory procedures sec Carpenter. Vcn 
Dis. Inform., 1943, 24 133, abo the summary of a panel discussion in Amer, Jour. Pub. 
Health, 1947,37.1461. 

20 Peirer and Steffen: Ven Dis. Inf., 1947, 2$ 21 S. 
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Srltl 5 Y ed g “ y “ t0 “ Simi ' ar otmonovnlmt or not,. 

valent antlmemngococcal precipitating serum in a Dreyer’s tube. Usually I L 

ft tbTtnh! ■ 0{ nT Mim “ » few minutes. 

not, the tube is incubated m a water-bath for 1-2 hours at 37 0 G ftnth 

(1933b) and Macgraitb (1035) obtained very satisfactory results with this method 
(see also Alexander and Eafco 1937). In Macgraitli’a scries of 120 cases, a positive 
react, on occurred in IIS, whereas of 180 control fluids, all but 2 were negative T 
other method affords such a rapid diagnosis. 

(2) Immediate plating . As soon as the spinal fluid is withdrawn, it should be 
streaked in quantities of I ml. over 2 or 3 plates of blood agar, ascitic agar or 
Gordon 8 trypagar (Gordon et al 1916), or inoculated on to Locffler’s serum (Fair- 
brother 1947). The cultures should be incubated immediately, or if this is im- 
possible, they must be transmitted to the laboratory in a warm container. The 
less their temperature falls below 37° C., the more likely is growth to occur, and the 
shorter is its lag period. Growth is often greatly improved by the addition of 5-10 
per cent. CQ«, to the atmosphere. Colonies should be apparent within 18 hours 
Their identity should bo determined by microscopical examination for the presence 
of typical Gram-negative diplococci and by agglutination with specific antisera 
If there is a heavy growth on the plates, this may be suspended in a small quantity 
of saline, heated to 05° C. for l hour, standardized to 50 0 million per ml , and tested 
against the type sera ; incubation should be performed by the partial immersion 
method in a water-bath for 4 hours at 50° C. A more rapid result is said to be 
obtained by the use of specific antisera prepared by the injection of chickens; 
readings can be made in about 5 minutes (Phair, Smith and Root 1943). If the 
growth is insufficient for a tube test, or if an immediate answer is required, slide 
agglutination may be used instead (Bell 1 9206), but the results should always be 
checked by the tube method. If there is insufficient growth on the primary plates 
to allow of either method of agglutination, subcultures must be made on to fresh 
plates, and the growth examined after 24 hours. The fact must not be forgotten 
that one variety of organism found in meningitis, N. Jlavesccns , may produce a 
golden-yellow pigment (Branham 1930). 

It must be pointed out that not all strains are readily agglutinable by the 
available type sera. Strains from sporadic cases are usually less readily agglutinated 
than those isolated during an epidemic. Much depends upon the strains selects 
for the preparation of the agglutinating sera (see Griffith 2917, Scott 2027, 

1920a, Murray 1929, Branham 1932, Rake 1933a). , 

It is advisable to test the fermentation reactions of the organisms isolate*- 
For this purpose colonies should be inoculated into glucose, maltose, and sucrose 
peptone water Containing 10 per cent, of ascitic fluid or blood serum. The menwg 
coccus produces acid in glucose and maltose, but not in sucrose ; tf.Jfetwew* 
without action on any of the sugars. The final identification of any strain . m 
be made on the basis of morphological, cultural, fermentation, and serol g 1 - 
reactions. , . . 

(3) Motion of the s-pinal fluid with ^nuontotiUn.lmitnn « « " 7 
wise to incubate 5 ml. of the fluid at 37” C in a sterile tube m — Jr 
proves negative. Sometimes the organisms develop in the fluid l itself, 
fail to do so in cultures made at the time of lumbar ^ " malting 

appears, the fluid should be subeultured on to smtable media, and 
colonies identified in the usual way. 
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globin agar in a screw cap bottle resulted in a high proportion of positive cul- 
tures, and these workers are of the opinion that the inclusion of dyes such as 
Nile blue or crystal violet in the medium may destroy gonococci as well as 
contaminants. For culture an infusion chocolate agar, developed by McLeod, or 
minor modifications of it such as the plasma hemoglobin modification studied 
by Thayer, Schubert and Bucca 21 is a medium of choice, and is inoculated 
directly with the specimen Cor sediment if it is urine or spinal fluid). The cul- 
ture must be incubated in 10 per cent C0 2 ; this atmosphere may be satisfac- 
torily approximated by putting the plates in a jar together with a lighted 
candle and sealing or by the inclusion of a handful of moistened fresh oats 
in a scaled container with the cultures. The oxidase test serves to differentiate 
the oxidase-positive colonies and, if picked immediately, they may be sub- 
culturcd. Identification is based upon sugar fermentations in serum broth. 

Pathogenicity for Lower Animals. The gonococcus is non-pathogenic 
for lower animals, aside from the toxicity of the cell substance as noted above, 
and gonorrhea has never been reproduced in experimental animals, including 
anthropoid apes. An experimental infection of the anterior chamber of the 
rabbit's eye has been described by Miller and bis co-workers 22 in which the 
gonococci multiply and invade intraocular tissues, especially the ciliary body 
and lens, giving rise to a chronic infection in approximately one-third of the 
animals. This infection has been made use of in the study of the efficacy of 
chemotherapeutic agents, etc. 

Immunity. Little if any immunity to the gonococcus is acquired as a 
result of infection, and second and third infections may be superimposed upon 
the first, i.e., acute upon old chronic infections. As might be expected, then, 
the therapeutic use of vaccines and various types of antisera is without effect. 
The significance of the observed extensive phagocytosis of gonococci by poly- 
morphonuclear leucocytes is uncertain. 

Some degree of immunological response is evident, however. Complement 
fixing antibodies arc usually present, and patients may give a marked s m re 
action to suspensions of killed gonococci. A number of attempts have been^nw e 
to utilize these responses in the immunological diagnosis of gonorrhea. e 
complement-fixation test has shown some promise but is not genera^ y use 
The skm reaction is apparently too variable to have practical value. a * 
also been observed that the discharges from gonorrheal inflammation 
precipitin reaction with antigonococcus serum, but this flocculation rea 
has as yet no diagnostic value. 


THE MENINGOCOCCUS 25 

Inflammation of the meninges or investing membranes (pia-arachnoi 
the brain and spinal cord may be provoked by a variety of microorgani ^ 
may occur either as a primary affection or secondarily in t e tram ricter -j z ed 
fection originally begun elsewhere. One form of meningitis, c 


21 Thayer, Schubert and Bucca 1 Ven. Dis. Inf., 1947, 28-37. 

22 Miller et oL Jour. Inf. Dis., 1945, 77-193, 201, 216. 

23 Cf. Casper Ven. Dis Inform., 1941, 22:119. 

2 * Cf. Torrey: Jour. Immunol., 1940, 38.413. 

25 For general reviews see Murray: Med. Res. Council Spec nep 
Branham- Bact. Rev., 1940, 4.59. 
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(2) Demonstration of A,, Mies.- The blood may be examined for specific »n!i- 
bod,e., m special cases ; but the diagnostic value of such tests is nTZw 
and tlioy must never be regarded as a substitute for direct cultural exLinatio,,.' 

siiircrine’Vre™ f °"7’ tha ‘ “f’ lulini "? “™ frequently present in the Mood scrum of patient, 
fro !" «ml.ro„p, n »l fever (D.cudonnd 1005, MacGregor 1010). Von Lineekeio 
(I90S) examined the sera of COS patient.. On the 1st day of disease SJ-1 »r Jnt L„ 
a positive agglutination reaction ; from the ctli to tho 20th day, £2-7 per rent. ; after 
the -1st day, only SO 7 per cent, of positive reactions were obtained. Tho titro varies 
considerably. Bettencourt and Fran,a (loot) found that it was usually 1110 to ]M>. 
occasionally titres of 1/200 or even 1/1000 were met with. Von IAigelsbcim (IMS, 
gives tho following figures: 


146 agglutinated nt . 

86 „ „ . 

30 

8 .. .. . 

1 

149 failed to ngglutmato at 


. J/J0 
. 1/25 
. 1/50 
. I/X00 
. 1/200 
. 1/10 


Gates (1918) found agglutinins almost constantly in tlio Wood of carriers of 4 to 16 
nocks' standing; the titro was gonerally 1/J0 to 1/32. 

It is seen that agglutinins aro not present in more than 50 per cent, of cases as a rule. 
MacGregor (1910) found that when severe toxaemia was present, there were generally 
no agglutinins ; likewise in chronic and in Abortive cases. They were present in greatest 
quantities in cases with nn acuto onset and fairly high fever. Other observers (Elser and 
Huntoon 1009) have found tho agglutination reaction to bo too irregular for diagnosis- 
Houston and Jiankin (1907), studying the opsonic content of the scrum of patients 
suffering from cerebrospinal fever, found that it was raised in 25 per cent, of patients on 
tho 2nd day of tho disease, in CO per cent, on tho 5th day, and in 9G I per cent, after the 
Gtli day. They stated that tho opsonin test was of great valuo in tho diagnosis of 
suspected eases. MacGregor (1910) found opsonins present in greatest quantity during 
tho 2nd and 3rd weeksofthodiseaso; like agglutinins, they ore said to bo most abundant 
in coses with acute omet. Cruicksliank (1911) Btates that circulating antibodies can 
often he demonstrated in the second week of the disease, and perhaps even earlier in cases 
of meningococcal septicaemia. 


Examination of Petechial Skfn Lesions. 

The presence of meningococci in petechial Bpots was demonstrated by Muir (1919}« 
using the cultural method. In a considerable proportion of cases the organisms can be 
found microscopically in smears. McLean and CafYcy (1931) were successful by t 
means in 14 out of 18 cases in children, and Tompkins (1943) in the Army in 39 out o 
48 cases. The petechial spot^— macules are unsatisfactory — should be punctured in 
a llagedont needle, while the surrounding akin i? pinched so as to prevent tho access o 
capillary blood to the lesion. Small drops of Wood should ho smeared on to a elide ana 
stained with Giemsa. Typical intracellular diplococci with the adjacent surfaces Bsttenea 
can be detected in this way, and confirmed by a Gram stain. They can often be 
wrhen blood culture is negative. 

Post-mortem Examinatiou.-In tbs examination of bodies 

take cultures within 12 hours of death if possible ; the memngococcn 

. - . * — — * j Q smears from tuc 

, , • }ose3y it is best to «*se 

the pus on the meninges ; it Mere n » r - •• -maflWome' may hr 

of the lateral ventricles should be carefully examined ; occasionally i 
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especially by epidemic spread and usually designated as epidemic cerebrospinal 
meningitis , spotted fever or cerebrospinal fever, is caused by a specific micro- 
organism commonly known as the meningococcus. 

This- bacterium was described by Marchiafava and Celli m the meningeal 
exudate as early as 1884, hut the first important work upon it was that of 
Weichselbaum, who, in 1887, obtained it in pure culture and described it in 
detail as the characteristic micrococcus found in six cases of acute cerebro- 
spinal meningitis. Confirmation was supplied by the work of Jager in spite 
of some faulty observation The etiologic role of the meningococcus has since 
been securely established by a number of investigations. 26 

The meningococcus has been designated by a variety of names, including 
Micrococcus meningitidis, Micrococcus tntracellulans meningitidis, Neisseria 
meningitidis and, according to Bergey (1948) Ncissena intracelhtlans. A1 



Fig 60. Meningococcus, pure culture. Note the typical diplococcus arrangement. Fuchsin, 
X 1050. 


though Neisseria is generally accepted, common usage is divided between 
tntracellulans and meningitidis. 

Morphology and Staining- In film preparations of the meningeal exu-, 
date the meningococcus is very like the gonococcus and occurs in pairs or 
tetrads both within the leucocytes and free. The diplococci are flattened 
toward one another like gonococci, and there is considerable variability in the 
size of different cells in the same smear. In cultures the meningococcus aver- 
ages a little less than 1 p in diameter, and appears, as a rule, in pairs, short 
chains are seen more rarely. The variability in size observed in meningeal 
exudate may also be seen in cultures, particularly in those more than twenty- 
four hours old. Involution forms are common, and it is not unlikely that the 
larger cells are degenerative. Capsules are usually not apparent but become 
swollen in the presence of specific immune serum— the Quellung reaction 
The meningococcus is non-motile and does not form spores. 

Meningococcus colonies in blood agar are moist, elevated, smooth and with 

86 Cf Foster and Gasbeil Cerebrospinal Fever. Cambridge University Press, London. 
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vessels contaminated with nasal mucus. It is difficult to say low frequent such 
intact infection may be, but in view of the extreme susceptibility of the meninso- 
coccus to drying and to cold, we may regard it as negligible. Neither in barracks 
nor in civilian households is this method of infection to be compared with the 
direct infection by nasal mucus sprayed from the carrier. 

In reference to the prevention of cerebrospinal fever much has been written 

^ advisa |> l,lt y of detecting and isolating carriers. Hachtel and Hayward 
(1011) were able to eliminate the disease from an orphan children’s home by 
isolating the carriers, treating them with topical applications of anti-meningococcal 
serum, and not releasing them till after two negative swabs. Apart from occasional 
instances of this sort it will be realized that, however effective such an isolation 
policy might be, its rigid application in civil or military life would be quite im- 
practicable, owing to the high proportion of carriers in any given population. 
lVhcrever possible, however, it is advisable to prevent carriers from coming into con- 
tact with infants and young children, particularly in dormitories and bedrooms 

In preventing an outbreak, or in limiting its spread, it is desirable on general 
grounds to reduce overcrowding as much as possible, to ensure adequate ventilation, 
and to induce people, as far as the weather and other conditions permit, to lead 
an open-air life and to avoid undue fatigue. Flack (see Report 1917) found that 
carriers became negative much more rapidly during fine weather and sunshine 
than during dull rainy weather. 

Chemoprophylaxis.— -Attempts at nasal disinfection of carriers with a view to 
preventing further spread of the disease were made during the war of 19H-1B 
without any conspicuous success, though light carriers were sometimes cured by 
intensive inhalation of a 1 per cent, zinc sulphate or 0-1 per cent, acriflavine spray. 
Far more hopeful are the results recorded by Fairbrother (1910) from the use 
of sulphapyridine. Convalescents who had received the drug during the acute 
stage of their illness were found, on nasopharyngeal swabbing, to be free from 
infection ; and healthy carriers who were given a short course of treatment 
cleared up rapidly. It is possible that sulphapyridine or sulphathiazole in the 
form of nasal snuff might achieve the same end. During the second world war 
chemoprophylaxis was tried on a large scale in service units. 

Kuhns, Nelson, Feldman and Kuhn (1943), for example, tried this method durig 
an outbreak of cerebrospinal fever at two military depots in the United States. A 
Camp A 1 gm. of sulphadiazine was given three times a day to a group </ 8,000 men , 
9,300 men served as ft control camp group. The carrier rate in tac treated group e 
immediately from 36 per cent, to 3-1 per cent., and never rose during the next 8 wee 
above 7-2 per cent. In the control group the carrier rate, which was originally 38 per cc , 
never fell below 30 per cent, and at the end of 8 weeks was 55 8 per cent, as 
—.• in the treated group. During the eama period no cases of cerehrospina 

, . twice a day for 3 days; 

9,500 men served as a control group, ’ine eainei at .^ d cent. 

from 30 pet cent, to 0 per cent., and never lose during ! he 8 " “ M « r M Mo* 

In the control group, the carrier rate, Utah •» originally *9 F'" « ’ in th , 

this Bgure. and at the end of 8 weeks *as 33 3 per conk*. “* 

treated group. Tiro cases of cerebrospinal fever occur treated and centre* 

17 in th? control group. It is to be noted that in each tatanro the teaW ■ ^ ^ 
groups voce kept separate, that all persons *er taken agaimt the 

admissions were given sulphadiazine, and that prccauti 
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a bluish gray tinge. They do not produce green discoloration or hemolysis 
and may be readily differentiated from the hemolytic and viridans strepto- 
cocci and the pneumococcus. The colonies are not so white and opaque as 
those of the staphylococci. 

The meningococcus stains readily with the usual aniline dyes and, like the 
gonococcus, is gram-negative. The involution forms found in cultures tend to 
stain unevenly, of course, but even young cells may show the presence of 
metachromatic granules when stained by Lofllcr’s alkaline methylene blue and 
other stains, and to a greater extent than the gonococcus. It may be noted that 
no sure distinction between the meningococcus and the gonococcus can be 
made on morphological grounds, and the identification of gonococci in gono- 
coccal meningitis is dependent upon culture and differential fermentations 




Fig. 61. The oxidase test foi the identification of meningococcus colonies. Mixed cel- 
turc on blood agar. Left, colonics of meningococci and contaminants before the app 1 
of tetramethyl p-phenylenediamine solution. Right, the same colonies after the app ica 
of the reagent. Note that the meningococcus colonies show the development o co o 
about the edges and there is slight discoloration of the medium. X 5. 

Physiology. Strains of meningococci vary considerably in the ease with 
which they may be cultivated; some strains will grow, although sparse), on 
nutrient and infusion media, but in general rich media containing serum o 
whole blood are required. Infusion base chocolate agar or blood agar 
most useful media. The hydrolyzed casein-starch medium of Muel ler an 
ton and Boor’s tryptic digest medium will support growth of this ac en 
According to Boor the meningococcus differs from the gonococcus m 
does not require the addition of cystine to his medium. Frantz a * rt : nC 
that stock cultures of the meningococcus, which are, however, ess 
than recently isolated strains, will grow on an inorganic sa h'8 ucose ^ stra ,- ns 
containing glutamic acid and cystine, and others have reported t at s . 
require only glutamic acid and glucose or lactate. 2 * In isolating t 3J1( j 

coccus it is essential that the culture medium be warm when inocu . espe . 
kept warm until finally placed in the incubator. Growt is a\o 

27 Frantz: Jour. Bact., 1942, 43 757. 

28 Gr°ssowicz Jour. Bact., 1945, SO 109, 
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of all ages with a ease-fatality rate of 8-6 per cent. ; this figure included every case 
admitted, even those dying within a few minutes of reaching hospital Suipk 
pyridine was used for 471 of the cases, sulphathiazole for the remaining 25 V e tv 
similar figures were quoted by Banks (1948) using mainly sulphathiarole and 
sulphadiazme. The fatality rate is much higher in infants and in those over 60 
years of age than at other times of life when it is reduced to between 3 and 6 per 
cent, (sec Harries 19 12, Beeson and Wcsterman 1913, Report 1914, Banks 1918 ). 
There is no satisfactory evidence to show that a combination of su/phonamides 
and serum offers any advantage over sulphonamides alone. 


Pneumococcal Meningitis 

This form of meningitis occurs as a complication of lobar or broncho-pneumonia, 
and is commoner in children than in adults. Not infrequently in children it is 
secondary to middle-ear disease. Sometimes a primary pneumococcal meningitis 
is seen. The pneumococci are present in large numbers in the cerebrospinal fluid, 
which is turbid and full of pus cells ; the cocci may bo recognized by their appear- 
ance as Gram-positive, lanceolate, capsulated, and mostly extra-cellular diplococci. 
Cultures are best taken on to blood agar or ascitic agar. The type of coccus may 
be determined in the usual way. In untreated cases the disease is almost uniformly 
fatal. Serum, treatment with univalent type serum may bo tried, preferably by 
the combined intravenous and intrathecal routes, but far more favourable results 
are to be expected from the administration of the sulphonamides (see Coleman 
1940) and of penicillin. 

Streptococcal Meningitis 

Streptococcal meningitis is most frequently due to extension from middle-esr 
disease, especially in children, and to perforated wounds of the skull. The cerebro- 
spinal fluid is turbid, and contains large numbers of pus cells and of streptococci, 
which are usually of the /1'hmmolytic type. Before the sulpbonamide era recovery 
was regarded as exceptional, though Watson -Williams (1938) points out that 
early mastoidectomy, combined with repeated lumbar puncture and the adminis- 
tration of antistreptococcal serum, may result in a substantial proportion of 
recoveries. In practice, salphonamide or penicillin therapy should be instituted 
as early as possible, along with appropriate surgical measures. 


Tuberculous Meningitis 

Tuberculous meningitis is probably always secondary to a tuberculous focus ia 
some other part of the body, but, as it is often difficult to determine the site o 
the primary lesion, even at autopsy, the disease not infrequently appears to 
primary. Osier (Osier and McCrac 1920) states that it may occur during W 
1st year of life, but is commonest between the 2nd and 5th years ; it is, ’ 

not uncommon in adults, particularly as a terminal infection in pulmonary ti 
culosis. The laboratory diagnosis is often difficult. Lumbar puncture revea 
fluid which may be limpid, and may contain only mononuclear cells. P 
content is raised , the sugar, and usually the chloride, content * re ^ 

cell count generally ranges between 50 and 400 per c.mm y ‘ 

dominate but are accompanied by polymorphonuclear . , t not infrequently 
cells. If the fluid is allowed to stand at room . H ’no clot 

forms ; this should be spread, on a slide, and stained by Ziel 
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t tally in primary isolation, by incubation in an atmosphere containing 10 per 
cent carbon dioxide. The meningococcus nil! grow mer a lemiieraturt' range 
of 25° to 42° C. with an optimum at 37° C. Although spjrse growth will occur 
under anaerobic conditions, the meningococcus is, for all practical purposes, an 
acrolie. 

Continued cultivation on laboratory media results in more luxuriant growth, 
and the bacteria presumably become less nutritionally fastidious. Meningo 
coccus cultures arc difficult to keep, however, and lend to die out in stock 
culture. In most media these bacteria die within a few dajs if not transferred, 
but vitality may be preserved for several weeks in stall cultures in starch agar 
( ! jicr cent corn starch in nutrient agar) and are best kept in the incubator. 

The relatively early appearance of involution forms in meningococcus cul- 
tures as well as their limited viability when not transplanted is, perhaps, at 
tribiltablc to their formation of an active autolv sin, and in saline suspension in 
the incubator autoljsis may take place within a few hours 'I he atilolvsin is 
heat-labile, being destroved at 65° C in thirty minutes, and suspensions pre- 
pared for agglutination studies should lie inactivated in this way. 

The meningococcus, like the gonococcus, is a delicate microorganism and not 
highly resistant to deleterious influences It is killed in a short time by drying 
and by exposure to dilute disinfectants It is particularly sensitive to beat and 
cold and. unlike many bacteria, dies out within a few dnvs at 0* C. 

'I lie meningococcus is not an active fermenter. Gmsidcrablc quantities of 
acid, presumably lactic for the most put. arc formed from glucose and maltose. 
The fermentation of maltose serves to distinguish the meningococcus from the 
gonococcus Neither is this bacterium actively protcolj tic, for coagulated 
sc rum is not liquefied 

Toxin*. Meningococcus meningitis m man and that reproduced in experi 
mental animals is usually accompanied be a prof mind toxemia. The meningo 
coccus, however, appears to form no soluble toxin, though its eel! substance 
is toxic to experimental animals when injected in relatively large amounts 
Miller and his co-workers'*’’ have shown that the toxicitv is heat stable (100 
C for thirty minutes) and the rate of its destruction suggests that the i into 
toxin consists of two substances, one much more thermostable than the othi t, 

I he relationship of the endotoxin to the "P" substance (see below) |« not 
< Icar 

Vnriation. Rough and smooth colons tvpes of the nRningotoum but 
liern described by Rnkc. v ’ who found tint reccntlv uolucd strains w» /<■ tl 
trails smooth while old stock cultures were rough Mucoid coloniis vitt oh 
sersed in a few instances The eh tnge from smooth to rough Was „ ttnlitl 
ssith a partial loss of immunological tvpe sjxxificitv. 

tn,i«<Ifinitlon. 'fhc mmingocotci are closels related to fh< j., r||rK(r , 
not onls morphologicalls and phvsiologicalls hut immunologic il|j f J, )f 

t on antigenic sulistances appear to lx- held in comm >n as indie 

I he menmgocmci are not themselves rmmunologuallv Unwr/t - - 
ssas found bv I>lpl^r' ,, tint crrtun>tr4in' culturallj "tyj , ,j 

’’ Millrf Uni J Air Inf, l)ii. I9H. • *\ 

«RAe J-Air I «p MrJ, I'M?. ST * 

-■ I> gter Ccifp rrrrf W twl. 
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If culture, and by demonstration of the specific polysaccharide in the spins) Raid 
?' b >’ a I ,recl P>tm or a hemagglutination test (Warburton, Keogh and Williams 
1 J49). Treatment with streptomycin, penicillin, and sulphonamides greatly lowers 
the case-fatality rate. Even better results, it is claimed, may he obtained with 
chloramphenicol. Prather and Smith (1950) treated 15 consecutive cases with this 
drug without, a single death. 

Non-suppurative Meningitis 

We may refer hereto a form of meningitis that follows contamination of the 
cerebrospinal fluid during lumbar puncture and spinal anesthesia. It is usually 
of a low'-grade type — sometimes referred to as serous meningitis— but fatal cases 
occur from time to time. The disease is caused by organisms which under ordinary 
conditions are lion-pathogenic, such as Pseudomonas and Achromobacler. Con- 
tamination is often due to the use of so-called sterile water for rinsing syringes. To 
prevent this totally unnecessary disease, strict asepsis should be practised. All 
apparatus used for lumbar puncture should he sterilized by heat — preferably dry 
heat — and water for rinsing and cooling purposes, except from sealed autoclaved 
bottles used on one occasion only, should be avoided (see Smith and Smith 1941, 
Garrod 1946, Report 1948). 

Other Forms of Meningitis 

Occasionally meningitis may be caused by organisms, such as B. authracis, 
Bad. coh, FriedJander’s bacillus (Gordon and Norton 1930), Sabn. lyphi, Salm- 
enterilidis (Stevenson and Wills 1933), Salm. paratyphi B (Patterson 1942), Pf. 
mallei , Br. suis (Hartley cl al. 1934, Hansmann and Schenckcn 1932), Br. abortus 
(Magoffin el al. 1949), the gonococcus (Strumia and Kohlhas 1933, Branham el at 
1938), Diplococcus mucosus (Cowan 1938, Bray and Cruickshank 1943, Christie 
and Cook 1947), Actinomyces boms (Henry 1910), Leptospira iderohatmorrhagus 
(Mane and Gabriel 1935, Mollaret and Erber 1935) and Leptospira canicoJa (see 
Chapter 82). 

For meningitis due to filtrable viruses, see Rivers and Scott (1935) and PP- 
2162-5. 
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cocci, did not agglutinate with antimeningococcus serum. These he designated 
“parameningococcus,” a term that has since given rise to some confusion and 
may well be discarded. Gordon and Murray 32 distinguished four serological 
types, which they designated by Roman numerals. These types have been 
telescoped into two groups, Group I containing Types I and III which are 
very closely related, and Group II made up of Types II and IV. Type IV seems 
to have disappeared (it is doubtful whether the European Type IV and 
American Type IV were identical) in recent years and Group II and Type II 
are synonymous. There is considerable variation in the frequency of occur- 
rence of the two groups, and in general Group I appears to be associated with 
the epidemic disease while Group II predominates in interepidemic years. 
Recently a new type, related to Type II but independent and homogeneous, 
has been found to be quite prevalent . 33 It has been designated Type Ila. The 
types of meningococci encountered at present arc, then, Group I, Group (or 
Type) II, and Type Ila. 

While it is not uncommon to encounter strains of meningococci which do 
not fall into these types, most strains may be assigned to one or another of 
them. In practice typing is complicated by the merging of types and the anti- 
genic instability of meningococcus cultures. For routine identification ag- 
glutination or capsular swelling (Quellung') with polyvalent antiserum suf- 
fices. 

Studies on the nature of the antigens of the meningococcus by Rake and 
Scherp 34 showed that three types of antigen are present. One is a polysac- 
charide common to all types of meningococci and found in the gonococcus also, 
which was designated “C” substance. A second fraction, likewise common to all 
meningococcus types and highly toxic to rabbits, is protein in nature and 
designated “P” substance. A th‘ . * ° 

III is polysaccharide in nature 

substance from Type II appear , . ■ . 

Kabat, Kaiser and Sikorski 30 have prepared the polysaccharide from type - 

While the routine typing of meningococci is probably not worth w 1 e, 
typing in connection with the preparation of therapeutic antisera is obvious y 
of importance, and at the present time such antisera are generally poly^a en • 

Pathogenicity for Man. The resistance of man to meningococcus infec- 
tion is relatively high, and the incidence of healthy carriers is invaria y con 
siderably higher than that of cases of the disease. It is probable that prec ispo 
ing factors play a large part in determining whether or not infection \\i o ' » 

insufficient clothing, inadequate ventilation, exposure to inclcmen . 
and fatigue very likely contribute in large measure to increasing suscep i 
In 1945, 7305 cases and 1539 deaths from meningococcus xnemngras 
reported by 44 states, rates of 6.2 and 1.3 per 100,000 population re ^jQQQQg’ 
this is a decline from the record peak incidence in 1943 of • per 

The meningococcus is initially present in the nasopharynx an 

32 Gordon and Murray: Jour. Roy. Army Med. Corps, 1915, 25 41 1. 

33 Branham and Carlin: Proc. Soc. Exp. Biol. Med., 1942, 4 

34 Ralce and Scherp Jour. Exp. Med., 1933, 58:341, 361. 

n C/. Menzel and Rake Jour. Exp. Med., 1942, 75* 437. 

Kabat, Kaiser and Sikorski. Jour. Exp. Med., 1944, SO 299- 
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gains access to the central nervous system The route b> which this occurs is 
uncertain, it is thought by some that the bacteria follow the perineural spaces 
of the olfactory ncncs or set up a preliminary sinusitis and reach the brain 
either via the lymphatics or by direct extension through the bona Others 
believe the meningococci reach the central nervous system via the blo<xl 
stream through a preliminary bacteremia While there is no definitive evidence 
concerning the means b) which meningococci reach the central nervous sys 
tern from the nasopharynx, the evidence appears to favor the hematogenous 
route. Occasionally the infection in the nasopharynx may extend into ad 
jaccnt areas, giving rise to conjuncm ms. pneumonia, etc. 

In the healthy' earner the infection remains confined to the nasopharvm 
and in tins ease is short lived there and produces few or no symptoms When 
the blood stream is invaded early in the disease hemorrhages usually occur in 



I',K 62 McmnfifttiCCI in spinal fluid. ilimvinj; pluR-cstmi* of ilic microorKinivrm. 
Cram stain. X 1050 


the shin and peteeliiae appear, especially on the wrists and ankles, or «>n anv 
mucous or serous surfaces. These arc apparent in twenty four hours after 
invasion and fade in a few days. The rash is quite different from other purpuric 
rashes, the spots tale geometric shapes and are highly irregular in st/c. Menm 
goeocci may l>o oliserved in smears of material taken from these lesions. Other 
s\ inptoms include sudden onset, chills, fev cr. and meningeal sy mptoms such as 
hcadichc, drowsiness, etc. Pam in the arms and legs is common ,f The invasion 
of the bliwxl stream may take the form of a fulminating mcnmgocrxxemia (the 
Waurhouse rriderichsen svmlromc) witli adrenal apoplexy as the immediate 
i aiise of death ami massiv e bilateral hemorrhage of the adrenals as the niitsum! 
mg pitliologv. "Hits form of mcningivnccal disease is unctimmon — little more 
thin 2fX) cist's have Urn reputed — and occurs much nvtrc frequently in 
infants than m adults. Its sudden and violent character with rapid fata! ter 
mm it ion li is let! to deaths due to this cause being classified as suspicious. The 
batten-mu mas also take a more chronic form, and give rise to a purulent 
svnovitn or incmnC’X'tx'vd arthritis 

I if « nwnl Jhojhui «r Str-nj Arm. J sit Mr! Su, |9U. ^iU.| 



JUJU OONORRU(EA 

USrediizzi 1894, Neisser 1894), in tenosynovitis (Hocheisen 1906), in vesiculitis 
(Wynn 1905) m cystitis, m ophthalmia (Neisser 1879), less frequently in peri-tens! 
abscesses (Colomb.m 1898), in pyelonephritis, and in perilous. P 
, r “ re lnsfai >“ s the disease may be very acute, the organisms gaining access 
to the blood stream and giving rise to a bactcramia, which aay be followed hr 
pyamia. In these cases, which may prove fatal, there is widespread infection 
throughout the body, and poet mortem there may be found endocarditis, myocard- 
itis, less frequently pericarditis, subcutaneous and intramuscular abscesses in 
different situations, polyarthritis, phlebitis, pleurisy, general adenitis, pneumonia, 
and septic infarcts in the spleen and kidneys. Several such cases have been 
reported (Leyden 1893, Ghon and Schlagenhaufer 1898, Thayer and Lazear 1899, 
Strong 1904, Duval and Lewis 1905, Wynn 1905, Hocheisen 1906, Jenkins 1D22J. 
Gonococci have been demonstrated in nearly all these lesions, and have often 
been obtained in pure culture from the blood stream both during life and after 
death (Thayer and Lazear 1899, Duval and Lewis 1905, Wynn 1905, Jenkins 1922). 
Meningitis is a rare complication (see Strumia and Kohlhas 1933). A few cases 
are on record of a gonococcal stomatitis (Crosby 1905), or parotitis (Colombini 
1898) ; from the latter situation the organisms have actually been cultivated. 

Gonorrhoea in Children. — Children suffer from ophthalmia neonatorum and 
from vulvo-vaginitis. The former is due to infection at birth with gonococci present 
in the maternal passages, the latter to infection of towels in infants’ hospitals : 
but not all cases of ophthalmia neonatorum and vulvo-vaginitfs are of gonorrhoeal 
origin, and not all Gram-negative cocci found in these diseases are gonococci. 

At one time ophthalmia neonatorum was responsible for a large proportion of 
cases of blindness, but since the introduction of the CredS preventive treatment 
it has become much less common. 

Vulvo-vaginitis is mainly an institutional disease. Like puerperal fever and the 
old hospital gangrene, it is very much more frequent in institutions where large 
numbers of patients are collected together. Thus Fischer (1895), reporting in 
1895 on the incidence during the past 2 years of the disease in the children’s hospital 
ad Altoaa, said that of 50 cases all but 10 were contracted in the hospital ; of these 
10, some had apparently been imported from other hospitals. Holt (1905) reportei 
on no fewer than 273 cases of the disease in the Babies’ Hospital, New Yor ( 
during the preceding 11 years. The disease is spread from one cot to another by 
the use of towels and other linen that are imperfectly sterilized. Once intro 
duced into a hospital or institution, it is a most difficult disease to eradicate; on J 
scrupulous care in technique, constantly maintained for months on end, wn prove 
successful eventually. The disease has a way of cropping up after it has lam do * 
mant for weeks ; to relax precautions too soon is but to court disaster. y 
means all cases of vulvo-vaginitis in children are of gonococcal ongm, 

' i - often response 

V diagnosis of gonor- 

r'hceal infection should therefore never oc muue -- ,s dc “ 1 ‘’ n 

strated. For a review of the disease, see Benson and Steer ( ). n j„Us 

It will be seen that the parts of the body attacked are not the ^s ^ , 

as in children. Gonorrhoeal ophthalmia is common ra ■ W 

gonorrhoeal vaginitis is common in inlants and children P ./ tioM . thus 

is uncommon in adults. A similar 

in adults the internal gemto-urimry organs are frequently attach , 
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1904 and had not wholly ended in 1913. In 199 cases in which antiserum was 
administered between the first and the third day of the disease the mortality was 
18 per cent. Variation in the case fatality rates in various epidemics is wide, 
however, and it is difficult if not impossible to determine the relative effect of 
differences in the virulence of the meningococci, variation in the efficacy of 
the sera employed and differences due to early or late administration of the 
serum. 

The use of polyvalent antiserum is, of course, a necessity, as pointed out 
earlier. Continued experience with antimen ingococcus scrum tends to em- 
phasize some of the difficulties of practice and interpretation. Antiserum is 
standardized by the mouse protection test, using meningococci in mucin sus- 
pension as the challenge inoculum. In spite of the beneficial results frequently 



Fig. 65. Neisseria catarrhailis. Smear from a pure culture. Note the diplococci 3nd 
elongated forms which have not yet divided. Fuchsin, X * 3 • 


repotted from the use of antiserum, there are some cases and some epi emics 
in which the serum treatment seems of little avail. 0 

Prophylactic vaccination with suspensions of meningococci as 
tempted by a number of workers, but the procedure is dnhcu c to v 
For example, Maclean and Bcv 3 n 51 found no evidence of thee C3cy ? 
immunization in their study of an epidemic in Cyprus, w i e rJ 

has reported highly encouraging results in Tonkin. In genera t er ^ 
to be no consistent and unequivocal evidence of a significant eg 
tection conferred by active immunization procedures. 

OTHER CRAM-NEGATIVE DIPLOCOCCI ^ 

In addition to the gonococcus and the meningococcus, 
of non-pigmented gram-negative diplococci are generally recogrn^ ^ healthy 
Neisseria catarrUalis is found commonly in the nasop a *> ye -^tory 

individuals as well as of persons suffering from colds an o Health 

, . . j. i Uo TjY3nUaHu fU 

50 The treatment of meningococcus meningitis is discussed r 

Repts., 1938, 53.645. _ 

51 Maclean and Bevan: Proc. Roy. Soc. Med., 1939, 32:ij? 

B2 Genevray Rev, mid. franc. d’extreme-Orient, 1941, Jv. 



1652 


GONORRHCEA 


a suitable medium (see Chapter 23). In chronic cases it may be extremely «. 
cult to demonstrate the gonococcus in films, or to isolate it in culture. This hold, 
particularly true for the female, where a diagnosis on microscopic grounds slone 
can rarely be made Appropriate measures must be taken to obtata material for 
examination from the situation most likely to be the seat of chronic infectiou- 
the deep urethral glands and the prostate in the male, the BarfMinhn And, 
end the cervical glands m the female. According to Koch (1918) cultures from 
the cervix of females suffering from acute gonorrhoea are more likely to be positire 
during the mstrogenic phase of the menstrual cycle when the cervical mucus is 
about neutral in reaction than during the non-cestrogenic phase when it is acid 
It may be noted, that the fluid withdrawn from the joints in gonorrheal arthritis 
is frequently sterile, and that the same is true of pus withdrawn from the Fallopian 
tube in chronic cases of gonorrhoeal salpingitis. 


For diagnostic cultivation the method described by McLeod and his colleaguea (1934) 
is to bo strongly recommended. The medium used is a 10 per cent, heated blood agar 
prepared from broth made according to Wright’s (1929, 1 933) method, i e., extraction of 
the minced meat for 45 minutes at 60° C. in the presence of 1 per cent, peptone and 0 2 per 
cent. Na 2 HP0 4 , followed by steaming. The broth should have a reaction of pH 7 4, and 
the minimum amount of agar necessary to give stability to the medium should be added. 
The plates are first incubated for 18 hours at 36° C. in a closed jar containing air, 8 per 
cent, of which has been replaced by C0 2 , and then for 24 hours under ordinary aerobic 
conditions. A 1 per cent, solution of tetrametbyl-p-pbenylenediambe hydrochloride is 
then poured over the plate and run off immediately. The effect of this solution is to turn 
gonococcal colonies a bright purple colour. Medium-sized convex translucent colonics 
that rapidly turn bright purple and are found microscopically to consist of Gram-negative 
diplococci may be provisionally accepted as gonococci. For further identification, when 
necessary, the colonies are picked off, and studied culturally and biochemically. A rapid 
provisional method for establishing their identity based on the solubility of gonococci 
in N/IO NaOH is described by Cantor, Shelanslci and Willard (1042). Occasionally 
colonies giving the oxidase reaction and consisting of Gram-negative diplococci are 
isolated from the genito-urinary tract which subsequent examination shows are not true 
gonococci. Organisms of this type are unlikely to give rise to more than 1-5 per cent, 
of erroneous diagnoses (sec Wilkinson 1952). Cultural methods are greatly superior to 
direct microscopical examination of smears (sec, for example, Gibbons 1937, Carpenter, 
Leahy and Wilson 1938, Sen ell, Clarke and Nelson 1941, McLeod 1947): nevertheless a 
certain number of cases do occur in which the smear method is positive w lien tho cultun 
method is negative. The greatest caution, however, must be taken in chronic cases n 
identifying the gonococcus on morphological appearances alone. As Berk (1933) pom s 
out, confusion is often caused by staphylococci and streptococci, wliif'x may occur in 


pairs and fail to retain the Gram stain. 

If swabs for cultural purposes cannot bo inoculated at once on to a suitable me '• 
measures must be taken to prevent death of the gonococci. Cox and c cr ni° , 
recommend collection of the exudate on to a small wooden toothpick; t is is PPJ 
into a tube, SO X 6 mm., containing 0 0 ml. of a mixture made up of equa part, of 
distilled water and defibrinated horse blood to which WW etysU al viol t PJ 

per 100 ml. of pnrtj-aminobenzoic acid are added. The tube fa c ( „ n .mi«ioo 

Sued stopper. By this means successful results may be obtained, 
through the post. Some workers prefer 1/0,000 thallium acetate ' * 

St al. 1930) Moffett, Young and Stuart (10*8) u» a uooden si. ah d M* d ^ 

tion into a 1 per cent, watery solution of finely groun c i re _ • buffered 

been taken, the snab is transferred to a small screw-cappcd bottle containing 
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infections. The cells as a rule are somewhat smaller than those of the 
meningococcus. Growth occurs on ordinary nutrient agar much more readilv 
than in the meningococcus, and the colonics are generally thicker and more 
opaque. Dextrose and other sugars are not fermented. Different strains varv 
in their pathogenicity for animals, but many strains are fully as pathogenic 2 s 
meningococci for white mice. In man they appear at times to excite catarrhal 
inflammation and sometimes pneumonia and meningitis have been reprt±£. 
They seem to have been conspicuous invaders m the 1918 influenza epsd—uir 
in some localities. 


Neisseria sicca is a small gram-negative coccus found on the eoswe 
membranes of the respiratory tract It grows at room temperature as irs£] & & 


in the blood stream of patients ill with clinical endocarditis. 

The Pigmented Forms. Gram-negative diplococci which for— z 
greenish-yellow pigment often best observed by transmitted light rzxri 
found in the upper respiratory tract of man. Formerly regarded sr. -r.rt- 
pathogenic, one species, N. flavescens, has been described as oceurrrr.? Sr -V 
spinal fluid in cases of clinical meningitis, as indicated earlier. These 
forms are differentiated from one another on the basis of ferrnen irjrr’r 

The Obligate Anaerobic Species. Three species of Nciiyrnz rv „ 
gate anaerobes, N. dtscoides, N. reniformis and N. orbicuhta. Tf frs-.* v -S' 
are parasites of man and are found in the mouth, intestinal tract irj'yrzCr? 
urinary tract, but arc not of known pathogenicity. Obligate ' ^ 

related to Neisseria, but differing in that the cells occur in nr,v~. 
times in short chains rather than in pairs, are placed in the gc— v *'vj ' 

There are two species, V. yarvtda and V. gazogenes, forr^rfr “ - “ e 

Micrococcus pannda and Micrococcus gazogenes. The iorrT' ' -T 

hemolytic and ferments glucose, while the latter is non her// 

not ferment carbohydrates. Both appear to be harmless pa 

arc found primarily in the mouth and intestinal tract. ’ ’ ,sr - 
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ligbrat percentage of positive results. The test is therefore of considerable value 
f“°f 5““ “ wh,oh m'eroseopie and cultural tests arc Most likely to fail fee 
Tulloch 1929, Price 1933). It is specially useful in chronic pelvic disease. 

bwee the introduction of sulphonamide an d penicillin treatment the value of 
the complement-fixation test has greatly diminished. The experience of numerous 
workers has shown that the proportion of positive results obtained now is far less 
than before, presumably owing to the failure of antibody formation m effectively 
treated cases. In some laboratories the test has been almost completely abandoned 
(Cooper ct of. 1950). 


Precipitin Reaction— This method wag advocated by Robinson and Meader (1920) 
who found that discharges from gonorrhoeal inflammations gave a precipitin reaction 
with antigonococcus serum, even when no gonococci were to be found microscopically. 
Kelley (1022), who tried this reaction, was unable to confirm their results. The test 
cannot yet bo relied on for diagnosis, A more specific sero-flocculation test was described 
by Saint- Pnx (1950), who used a special extract of gonococci. 

MetmcLe (1931) introduced his Klarungireaklion (MKR test) and Muller (1932) his 
Bathings- fteaklion (Im.B.R. test) for tho diagnosis of gonorrhoea. According to SchropI 
(1934), who made comparative observations on these tests, both of them give & higher 
proportion of non-specific reactions than tho complement-fixation test, especially with 
syphilitic sera. One or other of them may bo used, however, in conjunction with the 
complement-fixation reaction in order to amplify and control the results obtained by 
this test. 

SJdn Reaction. — Bruck (1909) found that patients with gonorrhea ehoned a skin 
reaction to dead gonococci. Kohler employed tliis test in diagnosis, and found it to be 
valuable in many cases. 

Irons (1912) prepared a glycerinated suspension from several strains of gonococci, 
which he called gonococcin. Inoculation was made on the skin with the point of a needle. 
After a few hours, m positive cases, a papule appears, surrounded by hypersmia, roachmg 
its maximum size in 24 hours, and disappearing after several days. The diameter of the 
papule and the hyperamifc zone around it is 5 mm. or more. Tho reaction was found 
to be generally positive at some time during the course of the disease, but in cases of 
severe infection, it might remain consistently negative. On the whole, it docs not appear 
to bo sufficiently regular to bo of value in diagnostic work. 


Prevention and Treatment. 

Prevention is intimately associated with early diagnosis and efficient treatment 
The mode of infection indicates sufficiently clearly the ways in wh oh the disease 
can be avoided, and the reservoirs of infection which exist in »-■}' commum y. 
The problem is one of personal and social hygiene. The prophylactic use ° ora 
penicillin administered within 2 hours of exposure to infection is said to cut ow 
the incidence considerably (Eagle ct al. 1919). . ns? 

Various methods arc recommended by different observers for pc\ o 
ophthalmia neonatorum of gonorrhccal origin. The Credo procedure, w je 
gists in instilling drops of 1 per cent, silver nitrate solution into the «>« Ml] 

,S still widely practised, though the additional or alternative off J l jn 
sulphonamides has taken its place ... some climes. A ' J aI hyt J a ouA 
New York a combination of sliver nitrate drops w th si dphatln Mo 
or 80,000 units of aqueous penicillin intramuscularly proved j 
practice (Watts and Gleick 1950) • t n0 [ on ger used (for 

Tn the treatment of gonorrheas racemes and antisera are n b 
references, see 3rd edition, p 1459). 



Chapter 18 


THE ENTERIC BACILLI: THE COLIFORM BACTERIA, 
FRIEDLANDER’S BACILLUS, AND PROTEUS 


The gram-negative, non-spore-forming bacilli make up a large group of bacteria 
which includes intestinal commensals such as the colon bacilli and Proteus, 
the enteric pathogens such as the typhoid, paratyphoid and dysentery bacilli, 
certain saprophytic forms and plant pathogens; and, as more distant relatives, ’ 
the hemophilic bacteria (1 Iemophilus); the so-called hemorrhagic septicemia 
group (Pasteurella); and the causative microorganisms of undulant fever 
(Brucella). 

By far the largest of these subdivisions is that of the enteric bacilli whose 
habitat is the intestinal tract of man. Some are, for the most part, intestinal 
commensals with but feeble pathogenic powers while others are highly 
pathogenic, producing intestinal disease of greater or lesser severity. The 
cholera vibrio is sometimes considered as somewhat set apart from the enteric 
group proper because of its curvature; this would appear to be an overemphasis 
of a minor morphological difference for not only do the longer enteric baci i 
often show a slight curvature, but after continued cultivation on laboratory 
media the cholera vibrios lose their curvature and become morphologies j 
indistinguishable from the other enteric bacilli. Still other bacteria are cose \ 
related to the enteric bacilli, in fact sometimes cannot be distinguished rom 
them with certainty, but are set apart by differences in habitat. Sue ar 
Friedlander’s bacillus, a common inhabitant of the upper respiratory tract an 
the causative agent of a small proportion of pneumonias, an t c pa 
pathogens of the genus Erwinia which produce soft rots of vegeta cs 
fatly, the members of the genera Proteus and Pseudomonas occur as ree 
saprophytes as well as intestinal commensals of occasional pat o og 

The taxonomic relationships of these forms is shown in the & J 
scheme in which the pathogenic enteric bacilli are included un er i vin ; 3 
head of Enterobacteriaceae together with Friedlanders baci us, u . 
and Serratia, the latter chromogenic saprophytes of which metem . ^ j t 
sum ( Serratta u icircescens) is the best known representative, a * n0t 

may be noted that the formal speciation adopted by Berges t j ie3 j 0 f 
correspond too well with the kinds of bacteria include un e 
Eschericheae . i s 0 f physio 

The enteric bacilli fall into certain natural groups on t 1 are , t he cob* 
logical, immunological and pathogenic characteristics- es? together 
form group which includes Bacterium coli and Bacterium a 0 f the 

with intermediate and variant forms; the Salmonella group 
414 
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m association with this disease. The introduction of serological methods 0 f 
differentiation seemed to oiler a bettor hope of solving this problem, and Moser 
and von Pirquet (1902). Meyer (1902) and Eossiwall and Schick (1905) reported that 
scarlatinal strains of hmmolytic streptococci could be distinguished by amlutina- 
tion tests. These findings were, however, not confirmed by other observers (Meld 
1903 Aronson 1903 Hascnknopf and Salge 1903); and the problem remained 
unsolved. In the light of our present knowledge we can hazard the guess that, 
along these lines alone, it would have remained insoluble. It is true that the re- 
newed interest in tho antigenic analysis of the haemolytic streptococci which followed 
on the studies of Docliez, Avery and Lancefield (1919) led to the collection of 
important new facts, and that the results recorded by Bliss (1920, 1922), Gordon 
(1921), Eagles (1924), and Stevens and Dochez (1926a and b) went far to confirm 
and extend the earlier observations of Moser and von Pirquet ; but the more detailed 
studies, which were undertaken before the second world war by Griffith (1926, 1927, 
1928, 1934, 1935), Smith (1926, 1927a), James (1926), Gunn and Griffith (1928), 
McLachlan and Mackic (1928) and others (see Chapter 24), revealed a high degree 
of antigenic heterogeneity among the htemolytic streptococci, and made it abun- 
dantly clear that there was no one antigenic type to which the name Sir. scarla- 
tina: or Str. pyogenes var. scarlatina: could be applied, though some types were 
far more commonly associated with scarlatinal infections than others, just as 
some types of pneumococci are isolated more frequently than others from cases of 
lobar pneumonia. 

Once it had been shown that Sir. pyogenes was constantly associated with 
scarlet fever it was natural to inquire whether this organism would reproduce 
the disease in any experimental animal. The results obtained when the asas] 
laboratory animals were inoculated with cultures of haunolytio streptococci, 
from any source, showed that the guinea-pig, rabbit and mouse differed in their 
resistance to this bacterial species, and that the type of infection produced varied 
in relation to the virulenco of the particular strain inoculated, and tho route of 
inoculation ; but there was no indication of any correlation between a .particular 
type of experimental infection and the source from which the infecting strain 
was obtained ; nor did any of the inoculated animals develop lesions which bore 
any obvious relation to scarlet fever in man. 

Dochez and Sherman (1922), however, found that the subcutaneous inoculation of 
guinea-pigs pith streptococci embedded in agar gave rise to a fever acoompan e y an 
erythematous rash, which later desquamated. Lafidsteinen Levaditi and Prase 1 
produced scarlet fever in monkeys by inoculation of the throat with teial exudate fmm 
scarlatinal patients. Sir. pyogenu was recovered from the fauces of animals so infected, 
but these strains failed to reproduce the disease m other monkeys. 

The proof that scarlet fever is caused by infection with hmmolytic streptococci 
rests on a series of observations that have been made on man himself ' and W 
observations have elucidated the pathogenesis of the disease, as well ^ 


JC 


causation. 

In 1914 Krumwiede, Nicoll and Pratt 
tory worker was accidentally infected by - 
living streptococci After an incubation j- x 
a typical attack of scarlet fever. In 1921 L 
scarlet fever in a series of human volunteers b 


1 > v. in which a 
’ er mouth as A 
days she passed * 
attempted to n 
the throat with 
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typhoid and paratyphoid bacilli, the group of dysentery bacilli, and the cholera 
and pamcholera vibrios. The differences between these groups, however, 
are differences of respective modal conditions of the differential characters, 
and at their peripheries the groups merge into one another to gi\ e a continuous 
series of intergrading types whose taxonomic positions and relationships have 
so far defied precise and satisfactory definition 1 A useful primary differentia- 
tion can be made on the basis of the lactose fermentation which is roughlj 
correlated with pathogenicity; the cohform bacteria ferment this sugar rapidly 
with the formation of acid and gas in twenty-four hours, while the bacteria of 


RELATIONSHIPS Or THE ENTERIC BACILLI (ENTEROBACTERIACEAE) 


Eschencheae 


Escherichia 1 
Aerobacter / 


Klebsiella 


coli type — Bacterium [Escherichia) colt 
intermediate types — no species names 
aerogencs type — Bacterium (Aerohaclrr) aerogencs 

{ coli type 
intermediate types 
aerogenes type 

Bacterium [A crob, icier) cloacae 

Bacterium fricdlauderi (Klebsiella pneumoniae )* 


Proteae . . Proteus . . 


Proteus vulgaris 
Proteus mtrabtUs 
Proteus m or gam 
Proteus reltgert 


Salmonella l\ phi 
Salmonella paratyphi A 
Salmonella ivphi-murium etc. 

Shigella shigae 
Shigella parashigac 

Shigella Jlexneri Types I to VI 

Boyd varieties Types 170, P 288, D 1 

( Shigella boydn) 

Shigella ambigua (sehmitzii) 

Shigella olkalescrns 

S ,°;z i r I^T.ceylouenm 

Shigella dispar { var madomprni{s 

The genera Ervinia and Serratia, plant pathogens and chromogenic (red) saprophytes 
re‘i>ccti\ e)> , are omitted here though classified with the Enterohaeteriaceae. 


* Bad. fricdUtnderi is an upper respiratory rather than intestinal parasite hut is closely 
related to the enteric bacilli 


the other groups, essentially pathogens, do not ferment it The distinction 
is not absolute, of course, since both the paracolon bacilli and certain of the 
dysentcrs bacilli arc slow lactose fermenters, but is sufficiently marked to 
have considerable practical value. 

Similarly, the dysentery bacilli divide into two groups on the basis of the 
fermentation of mannitol and are anaerogenic, that is to say, do not produce 
gas from fermented carbohydrates. While the Salmonella group in general 
produces gaseous fermentations, the typhoid bacillus and SahuoiicUa ga//i- 
jinrmii arc tvpically anaerogenic and anaerogenic strains of other Salmoncllac 

1 Because of the lack of belter general agreement than now crisis regarding the 
tawnoms or these forms, the writer prefers to retain the generic name Bacterium for 
mans of the enteric bicilli. As one worker has put it. a large part of the dilTicult) in 
classifying these forms arises from the fact that the "missing links" from a phslogcnctic 
punt of stew are not missing 
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accord with the view that most young children are susceptible to the erythroecnic 
toxin, but, with advancing years, acquire an active antitoxic immunity; either by- 
passing through an attack of the clinical disease, or, more commonly, by an im- 
mumzmg infection with a toxin-producing streptococcus without the production 
of the characteristic scarlatinal syndrome (see Chapter 49 and Zingher 1921). 

The administration of larger doses of erythrogenic toxin to susceptive per- 
sons yielded even more demonstrative results. In a number of cases such 
doses induced a generalized reaction with fever, nausea, vomiting and a transient 
scarlatiniform rash. Host of the recorded instances of this “ miniature scarlet 
fever” were observed during the earlier stages of the study of the crythrogcnic 
toxin ; but it still occurs occasionally, when a particularly susceptible person is 
undergoing immunization with doses of the ordinary size (see p. 1669). This 
reaction recalls the observation of Gabritschewsky (1907), who, during the inocula- 
tion of a large series of persons with a killed culture of scarlatinal streptococci, 
noted a scarlatiniform reaction in a number of his subjects. It did not occur in 
persons who had had Bcarlet fever, nor in persons injected with anti-scarlatina! 
serum prepared (Moser 1902) by inoculation of horses with scarlatinal streptococci 
(see also Szirmai 1912). 


Additional evidence was contributed by the studies of Trask and Blake (1924), who 
record tho following significant observations. A toxic substance can be demonstrated 
in the serum of patients acutely ill with scarlet fever that produces a typical skin re- 
action when injected intracutaneously into persons who have not had scarlet fever, 
and whose serum gives a negative Schultz-Chariton reaction (*.«. contains no antitoxin). 
Such injections cause no reaction in persons whose serum gives a positive Schultz-Chariton 
reaction. This toxic substance is not neutralized by a human 6erum which gives a negative 
blanching test, but is readily neutralized by a human serum which gives a positive blanching 
test. It is not neutralized by normal horse serum, but is readily neutralized by a horse 
anti -scarlatinal serum. 

We may also note hero that during the course of scarlet fever there is usually evidence 
of a serum response to other products of Sir. pyogenes. Recovery is associated nith an 
increase in tho resistance of the plasma to streptococcal fibrinolysin (Tillctt and Garner 
J933, Tillett, Edwards and Garner 1934, Stuart-Harris 1935, Bau and Kleu 193G, Waaler 
1936, Gordon and Balteanu 1937) and with an increase in antibody to tho 0 streptolysin 
of Sir. pyogenes (Todd 1932, Longcope 1936, Green 1941, Mote and Jones 1941, 

Kirby and Jacobs 1943). Rantz and his colleagues also noted that in 23 ‘of 24 pattern 
with scarlet fever there was a significant rise in agglutinins for the infecting yp« 


streptococcus. 

Taking this evidence as a whole, there seems little doubt as to its import. 
Scarlet fever in man is a disease caused by infection w tt i»r. , im 

causative organisms are, for the most part, localized m the t ro ^ j , 8 . 

maybe a transient bacteremia in some" cases. The cluneal 
disease result from the action of a soluble toxin, which is a sor e , sr(in »jbility 
lesion and carried to the susceptible cells and tissues. The varying ' WVetbW 
of children and adults, and of the same age groups m difiercn soda “ I ’ 

depends upon the presence o- absence of our-U^.. 
than man, and perhaps certain anthropoid apes, «■ ,, J„ rod-t- 

even when they are experimentally infected, because of B 

ance to the scarlatinal toxin. . • i,„ ve been isolated fro™ 

Practically HI strains of haemolytic streptococci A (Streptococcus 

case, of scarlet fever have been found to belong to Lancefieid s Group A [olrrp 


416 


The Enteric Bacilli 










1002 


DISEASES DVE TO HAEMOLYTIC STEEPTOCOCOI 


ordinary commercial antitoxin should neutralize a high proportion of all to™ 
Whether an erythrogenic toxin is produced by any other %£ " ££ 5taS*S 
streptococci is as yet uncertain (see Chapter 24). b P ^ 10 


The Bacteriological Diagnosis of Scarlet Fever. 

Scarlet fever, in its characteristic clinical form, is a disease in which a throat 
infection with Str. pyogenes is associated with a rash produced by the erythrogenic 
toxin, and a syndrome that is, in the main, toxmmic in origin. A diagnosis of a 
throat infection caused by Str. pyogenes is not therefore a diagnosis of scarlet fever; 
indeed, a clinician will frequently be concerned in distinguishing a throat infection 
of this typo from a case that, because of other criteria, would fall into the scarlet 
fever category. A throat swab has not, under these conditions, any great diagnostic 
value. \Vc should expect to isolate Str. pyogenes from every case of scarlet fever ; 
but wc should also expect to isolate it from many cases to which that diagnosis would 
not be applicable. It may be noted that the attempt to isolate Str. pyogenes 
from genuine cases of scarlet fever is by no means uniformly successful. In our 
own experience about 10 per cent, of throat swabs taken during the first three 
or four days of the disease have failed to yield this organism, though we have 
almost invariably isolated it during the second half of the first week. As a routine 
it is advisable to inoculate two blood agar plates and one gentian violet blood 
agar plate, and to incubate one of the blood agar plates anaerobically in order to 
favour hcomolysis. Very occasionally, Str. pyogenes fails to form hxmolytic colonies, 
and its recognition becomes particularly difficult (Coburn and Pauli 1941, Colebrook 
cl al. 1912). The demonstration of small numbers of streptococci in the throat 
may be aided by preliminary enrichment in sodium azide crystal violet broth (Pike 
and Fnshcna 1946). During convalescence the antistreptolysin content of the 
blood rises in about 76 per cent, of scarlet fever patients (Keith and Carpenter 
1910), but as it also rises in many other forms of streptococcal infection, it is of no 
specific diagnostic significance. 


The Diagnosis of Susceptibility or Immunity to Scarlet Fever. 

For this purpose we use the Dick test, in which a small dose of toxin is injected 
into the skin of one arm, and a dose of inactivated toxin into the skin of the ot er, 
to serve as a control. The amount of toxin injected is 0-2 ml , containing one 
skin-test dose, and the method of performing the test is essentially the same as in 
the Schick reaction (see p. 1576). The following differences should, however, be 
noted. 


The erythrogenic toxin is for more heat resistant than diphtheria toxin. The fflrotj 
that is to serro ns a control must therefore be heated at 06 C. for 45 minutes, 
test should never he ^ “’re mpid.y than the reaction io 

I ■ ' * ifq TVi^XinlULU 


day. The pseudo-reaction when H ,u«.n tle time Nations ot we p > 

times of reading the Dick test must be adjusted aceordmgy. 

The interpretation of the test doe t , not \ hc centrel) or a 
A positive reaction (positive on the test 
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The Epidemiology oi Scarlet Fever. 

There is every reason to suppose that the epidemiology of scarlet fever is closelv 
analogous to that of diphtheria. In both cases we havfdiseases eWtod S i 
primary throat lesions and a characteristic clinical syndrome that is determined 
in the main, by the effects produced by the diffusion of a soluble tain from the 
primary lesion. In both, carriers of the causative organism greatly outnumber 
the clinical cases. In both, the population at large is undergoing, from eariy child- 
hood onwards, an active immunization resulting from latent or atypical infections 
(see, for instance, Ofcell and Parish 1928, Stocks 1930, Allison ami Gnnn 1932, 
Okell 1932). They differ, however, in one important respect. Broadly speaking 
diphtheria is the only clinical manifestation of C. diphtheria. whereas scarlet fever 
is but one manifestation of a wide variety of lesions caused by Str. pyogenes. 

The earlier observations on the distribution of the causative organism, including those 
carried out in tbo authors’ laboratory at Manchester and in London (Report 1930, Straker 
e( a l. 1939), referred to the incidence of haemolytic streptococci in general, but more recent 
information is available on the incidence of Str. pyogenes in particular. The frequency 
with which this organism can be isolated from the tliroat of normal persons not in contact 
with cpidemio Btreptococcal infection of the respiratory tract varies widely with age, season, 
country, occupation and doubtless other factors. Thus the following figures may be 
quoted as examples : healthy children and adults in Melbourne 4-5 per cent {Keogh el cl. 
19396) ; school children in Melbourne 13-3 per cent. (Macdonald et al 1910); students, 
staff and out-patients in hospital at Patna 10 6 per cent. (Chatterjee and Mitter 1911); 
parturient women in Shanghai 1-8 per cent., and hospital nurses in Shanghai 4 per cent. 
(Wu 1941) ; healthy girls in o residential school in Buckinghamshire 4 2 per cent. (Report 
1941) ; patients suffering from measles on admission to hospital at Bristol 11-7 per cent. 
(Peters el al. 1942) ; Army recruits in Wyoming 8 per cent. (Schwentker 1943) ; incoming 
naval recruits in the United States 4 per cent. (Schwentker el al. 1943a) ; Bantu children 
19 0 per cent. (Murray 1943) ; patients and nurses in the Birmingham Accident Hospital 
19 2 per cent. (Williams and Harjicr 1914 ) ; 3 9 per cent, of healthy persons in Denmark 
(Ernst 1942) ; 4 per cent, of children admitted to the general medical and surgical wards 
of the RadohfTo Infirmary. Oxford (Cook el al. 1949) ; the nasal carrier rate in this Iwt 
group was 0-65 per cent. These figures, it should be pointed out, were obtained , most y 
by direct plating of the swabs on blood agar ; it is possible that, if a preliminary enrichme nt 
medium had been used, they would have been higher (see Piko and Fashena 19-4G). 

On the whole, the carrier rate in the throat of normal persons usually seems 
to vary between 4 and 8 per cent. It tends to be highest in the winter and spring, 
and lowest in the summer and autumn months. 

In any community, such as a school, where tonsillitis or scarlet fever is occurring, 
even though the number of such cases is small, the incidence of Str. pyogenes i 
the throat tends to be far higher. Carrier rates of 25 or 50 per cent., or even zno , 
axe by no means uncommon. In the nose Sir. pyogenes is much less frequen 
in the throat. The normal incidence is below 1 per cent. When i is pres 
the nose, it is almost invariably found in the throat us well. _ fr . m 

We have described on p. 1567 tbe way in which diphtheria bacdli disappea f Qut 
the throat during convalescence, and reference to Table 1 7 wi ® . 3fl d 

50 per cent, of diphtheria convalescents have ceased to carI £ f disappearance 
nr. t i«. p.fuV. has become quite clear that the m PP _ 


90 per cent, by the 50th day. 


jwuwc f f (ever is 

of haemolytic streptococci from the throat during convalescence from ... n al id 
much slower (sec Nicholls 1927, Gordon 1927, Gunn and Griffith ISSM™ 
Gunn 1932, Brown and Allison 1935, Allison and Brown 1937, de Has, 
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are occasionally met with. The general biochemical groups are indicated in the 
accompanying table of biochemical reactions. 

The separation of the pathogenic enteric bacilli and the related bacteria 
which may be confused with them on a biochemical basis is of very consid- 
erable practical value but in general should be supplemented with, or can be 
cut short by, serological methods of identification. The specimen is usual!} 
cultured on a differential selective medium containing lactose and an indicator 
together with bile salts to inhibit the growth of contaminants. The biochemical 
differentiation of the lactose-negative bacteria may be carried out as illustrated 
in the accompanying dichotomous scheme. 

The lactose-fermenting bacteria constitute the subject matter of the present 
chapter, and the non-lactose-fermenters will be discussed m the chapters 
immediately following. 


BACTERIUM COLI 

Bacterium coli ( Escherichia coli ) was described by Escherich in 1886 under 
the name of Bacterium coli commune. The original culture was isolated from 
the dejecta of a breast-fed infant, and cultures from this source were considered 
by Escherich to be especially typical. Bact. coli is, however, widely distributed, 
although “ubiquitous” only in the limited sense that it is universally found in 
the intestinal tract of man and many of the higher animals It is especially 
abundant in the colon and is so characteristic an inhabitant of this region of 
the intestine as fully to deserve the name that has been given it. From fresh, 
healthy human feces it is often isolated in pure culture by the ordinary aerobic 
methods, although microscopic examination shows that other kinds of micro- 
organisms are also present. 

Morphology and Staining. The colon bacillus exhibits considerable 
variation in its morphology. The usual dimensions observed m stained prep- 
arations from cultures upon nutrient agar or gelatin range from 2 /» to p 
m length and from 0.4 p to 0.7 p in breadth. Very short, oval and coccus 
like forms are not infrequently found and usually predominate w en t c 
bacillus is observed directly in the normal animal. The bacilli are occasion 
ally observed in pjirs or short chains. Some varieties arc encapsulate ’ Pj* rtic , 
larly those found in pathological conditions. Motility is variable, a t ou^ 
the most typical strains are motile by pcritrichous flagella. Spores arc 
formed. . 

Colonies upon nutrient gelatin are more consistent and charac en ‘ 
appearance than those upon agar media. They are opaque to P ^ ^ 
translucent, smooth, moist and homogeneous in consistency, v-'it c 0 f 
undulating edge, and exhibit the maple-leaf appearance common o /y c 
the enteric bacteria (see below). Colonial morphology is somew ^ 
upon nutrient agar. Typical colonies are opaque and grayish-u ' e > - ncU i, 3 . 
may be a tendency to become a light yellowish brownupon contm j.^ ercn{ia [ 
tion. Pigmented varieties are occasionally observed.- In ccr . t31 ^ * ca j under 
media the colonies of Bad. coli may assume other characteristics ) j on - es arc 
the special circumstances Upon Endo's medium, for examp e, t c ^ ju’ghh 
of course, red, but in addition take on a curious metallic s cen 

- Cf. Gilliland and Reese Jour. Bact., 1943, 45-499. 
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outbreak of sore throat or scarlet fever due to the same type of streptococcus in 
an institution to which he is admitted (Griffith 1931, Moore 1913, Boissard and 
Fry 1911, Coburn 1911). No bacteriological test is available to distinguish between 
infective am! non-infcctive strains of Sir. pyogenes, but it is usually found that per* 
Histcntly infective carriers have sonic abnormality of the upper respiratory tract 
such as n dtfeharge from the nose or ears or enlarged unhealthy tonsils. 

. . e * tent t0 w kicli infection spreads among a population has been studied 
in institutions (sec Griffith 1934, Report 193S, Strakcr el al. 1939, de Waal 1941) 
und other communities (Schwcntkcr 1913, Schwcntkcr el al 1943c, b). The attack 
rate is subject to considerable variation, seldom, however, in this country exceeding 
10 per cent, and often being very much lower. Though there may be a parallelism 
between the carrier rate and the attack rate, numerous exceptions occur. From 
institutional studies we have learned that there may be few cases even in the 
presence of a high carrier rate, and many cases when the carrier rate is low. Ham- 
burger (1911) and Rulienstcin and Foley (1915) had the same experience. This 
docs not seem to be determined wholly or even mainly by the previous streptococcal 
experience of the children ; and as Griffith’s studies show, immunity in any case 
is more or less typc-spccific. The evidence is far more in favour of Griffith's con- 
ception of the existence of strains possessing varying degrees of infectivity and 
mvasivcncss (sec Stocks 1911). An “ epidemic ” strain, endowed with both these 
qualities m a high degree, is liable, when introduced into a given population, to 
cause a fairly high morbidity, whereas other strains less liberally endowed in these 
respects will be responsible for merely a fen* sporadic or “ dropping ’’cases. Analogy 
with experience of the meningococcus is very close ; and there is some experimental 
evidence to support this conception (Coburn el o[. 1951). An additional factor that 
may exert a considerable effect on the extent and severity of scarlet fever is the coin- 
cidence of other respiratory disease, such as measles or influenza (see Gordon 1939). 
According to Stcbbim, Ingraham and Heed (1937), who made a very careful study 
of milk-borne streptococcal outbreaks in New York State, children under 15 years 
of ago are more infective than older children or adults. The secondary attack rate 
among household contacts was nearly twice as high when the infecting case was 
a patient less than 15 years old — 13-7 ns opposed to 7-3 per cent. The same workers 
quote figures of 20-0 and 5-3 per cent, for children under and over 15 years res P ec * 
tively in a non-inilk-borno outbreak in the same State. Gordon (1940) states t a 
children under 5 years are responsible for about eleven times os many secon ary 
cases as are patients aged 15 years or older. Cobum and Pauh (1941) I'ewise 
found that children were much more infective than adults. 

Mode of Spread of Infection. 

Though hcemolytic streptococci have been isolated from the desquamated sea 
of scarlet fever patients (sec Allison and Gunn 1932), there is V e , ev | ' f, J 0 f 
suggest that organisms from this source play any appreciable par in t 
infection. Again, direct infection by droplets or drop ct nucleus pro a J t 

importance, since very feiv streptococci are normally eipdM 1 *om th ^ 
during coughing. Of far greater significance is aerial spread by co tan “ ri 
Numerous observers have now demonstrated the preseuce of ^P ^ 

in the dust of wards or dormitories housing patents suffenn,, fro ^ GolJI „, r 
tonsillitis or other streptococcal infection (White 193 , ' - see also Chapter 

1939, Stalker ct al. 1942, Walter and Hucker 1942, Edward 1944 , see also P 
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characteristic when viewed by reflected light. Some varieties are (3 hemolytic 
on blood agar, such hemolytic strains occur with much greater frequency in 
pathological processes than in the normal intestine. 

Bad. colt stains readily with the ordinary aniline dyes and is gram-negative. 
Flagella may be demonstrated by special staining methods 

Physiology. The colon bacillus is a facultative anaerobe, growing equally 
well under aerobic or completely anaerobic conditions It grows luxuriantl> 
upon the ordinary nutrient media and may be cultivated m synthetic solutions 
containing an ammonium salt and an organic source of carbon such as glucose 
Growth occurs over a temperature range of 10° to 46° C., there is good 
growth from 20° to 40° C., and the optimum is 37° C. 

Milk is curdled with an acid reaction, usually within forty-eight hours 
Gelatin is not liquefied, but indol is produced in abundance by cultures in 
peptone water. Hydrogen sufide is produced in only very small amounts, 
cultures in the usual iron or lead acetate media are negative, but more sensitive 
methods give a positive reaction. 

Various sugars are actively fermented with the production of acid and gas, 
including dextrose, lactose, maltose, arabinose, xylose, rhamnose and mannitol. 
The fermentation of other sugars, including sucrose, is variable, but the 
polysaccharides dextrin, starch and glycogen arc not fermented. The gas pro- 
duced is a mixture of carbon dioxide and hydrogen, generally in a ratio of 
1:1. The greater part of the acid produced is lactic acid; smaller quantities of 
formic and acetic acids arc formed, together with ethyl alcohol Succinic 
acid is also found in variable but small amounts. 

The colon bacillus is of ordinary resistance to deleterious influences, being, 
as a rule, neither as resistant as staphylococci nor as susceptible as the more 
delicate bacteria. Most strains are killed by exposure to 60° C. for thirty 
minutes, but occasionally more resistant varieties arc encountered In common 
with the other gram negative bacteria, it is considerably less susceptible to the 
bacteriostatic action of dyes than arc the gram-positive microorganisms, and 
selective media containing dyes are commonly used in the primary isolation of 
the enteric bacteria The ability of the colon bacillus to grow in the presence 
of bile is likewise made use of in differential media (MacConkey’s broth) in 
the bacteriological examination of water. 

Variation. The existence of two colony types of Bad. coli has long been 
known, the one the flat, maple-leaf form, and the other a smaller, raised, 
round, moist type. The colon bacillus dissociates into rough and smooth 
colonial types, the S form giving rise to smooth, round, domed, shiny, trans- 
lucent colonics, while the R colony type is characterized by an irregular, 
dull surface, jagged outline and opacity. It has been suggested that the R 
form is the more virulent. 

Toxins. As in the case of many other bacteria, the cell substance is 
toxic to experimental animals upon parenteral inoculation. The specificity 
of the endotoxin has not been established. Vincent 5 has described two toxic 
substances formed by the colon bacillus, the one a heat-labile neurotropic 
toxin and the other a heat-stable entcrotropic toxin. An cntcrotoxic substance 

* Vincent: Compt. Rend. Acad Sci- 1925, ISO 239, 407, 1083, 1624, sec also Wein- 
berg and Prevot: Compt. Rend. Soc. Biol., 1927, 97.164. 
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, . Tb * LlSt °? 8 e arlet fc . VGr ? rovidca an excellent example of an infective disease 
^ Inch has exhibited variations m its behaviour during the past century. We have 
already noted the mildness of the type of infection now prevalent ; but this mild- 
ness is of recent development. In 1861-5 the death rate from scarlet fever 
in England and U ales, was 982 per million living ; twenty years later it had dropped 
to half this value ; in the quinquennium 1921-5 it had fallen to 29 per million 
and in that of 1947-51 to less than 1 per million. This decrease in mortality has’ 
during recent years, been associated with a shift in the age incidence of the disease,’ 
so that the maximum morbidity now occurs in the 5-10 age group. 


In a disease such as scarlet fever in which the carriers among the general popula- 
tion largely outnumber the cases we should not expect isolation in fever hospitals 
to exert any appreciable effect on the frequency of the disease among the popula- 
tion at large ; and we may note that Woods (1928), in a statistical study of the 
incidence of scarlet fever in various districts in this country over a period of 25 years, 
could find no evidence that isolation had any effect on the prevalence of the 
disease. 


So far as the patient himself is concerned, it must be remembered that cross- 
infections in hospitals are very common, and that they may be responsible for 
complications and for increasing the duration of treatment. Their incidence may 
be greatly reduced by nursing the patients in cubicle blocks, or in wards reserved 
for patients infected with the same serological typo of organism (Aliison and Brown 
1937, Cooke and Neisser 1937, Peters el al. 1942, Bergman 1944), though the admin- 
istrative difficulties of the latter method are often considerable. A further measure 
that promises success is the treatment of floors and bed clothes with dust-laying 
oils (sec Wright cl al 1944, Harwood et al. 1944, Report 1944, and Chapter 91). 
In order to diminish the risk of cross-infections, it is wise, if possible, to isolate the 
patient at home ; or, if admission to a hospital is advisable, to restrict the stay 
to the minimum period necessary — usually 2 to 3 weeks (see Gordon 1940) 
Chemoprophylaxis of persons exposed to risk was tried on a large scale in 
American naval depots during the second world war. Watson and his colleagues 
(1943), for example, recorded apparent success from the daily administration o 
1 gm. of sulphadiazine to contacts during an outbreak of scarlet fever. Further 
experience, however, of this method proved disappointing owing to the emergence 
of sulphonamide-resistant strains — particularly Types 17 and 19 which not on y 
gave rise to fresh cases during the prophylactic regime, but proved uisuseep i c 
to treatment by therapeutic doses (see Report 1945, Damrosch 1946, Deama er 


Outbreaks of scarlet fever in schools and other institutions are often very 
difficult to deal with. Segregation of heavily infected carriers and t e P as ® 
immunization of contacts may at times be called for, but our contro « ' 
disease cannot be compared as yet with the case with which we can bri g 
Siberia to a sudden close" Particular care should be taken before 
convalescents to an institution Though most convalescent carriers rp 
become non-infective within 3 or 4 weeks, occasional carriers may 
for much longer and be responsible for introducing the disease mtoth ) 

Search should be made in all convalescents for abnormality of the W J (o 
atory passages, and any child who is found to be a earner of Sr. p W e»e 
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that has been reported by other workers 4 is of interest in connection with the 
epidemiological implication of colon bacilli in outbreaks of food poisoning. 
Some strains of cob produce filterable hemolysin. 

Pathogenicity for Man. The ability of the colon bacillus to set up 
pathologic processes in man is very slight. The microorganism is constantly 
present in the intestinal tract and, although excessive sugar fermentation 
with the liberation of irritant ac ids and gas may possibly be responsible for 
some cases of diarrhea, in general it does little harm. The term pathogenicity 
is, as has been pointed out elsewhere, a relative one, and Bad. coli may, on 
occasion, invade the body tissues and set up a focus of infection. The urinary 
tract is probably the most frequently invaded, and the majority of cases of 
cystitis are of coli etiology. The colon bacilli may also play a part in the 
formation of gallstones, the bacillus is frequently found in the core of gall- 
stones and, in culture, can precipitate cholesterol and other biliary constituents 
The injection of colon bacilli into the healthy urinary bladder or gallbladder 
does not produce infection in experimental animals, but infection occurs if 
the bile duct or urethra is obstructed. Local infections such as abscesses, con- 
junctivitis and the like have been observed but are not common. B act. colt 
septicemia is very rare, but may occur as an agonal invasion in acute infecti\c 
processes. A hemorrhagic septicemia caused by Bad. coli sometimes occurs 
in newborn children and is known as Winckel's disease. 

In general, however, coli infection is rare except in cystitis, and it is 
probable that the pathogenic powers of the colon bacillus have been exag- 
gerated, particularly by the early writers who in many instances failed to 
differentiate coli from other members of the enteric group. It may be noted 
that the common occurrence of agonal or postmortem invasion of the body 
by the colon bacillus tends to dimmish the value of evidence derived from 
finding this bacterium in the internal organs after death. 

Pathogenicity for Lower Animals. Bad. coli is of low pathogenicity 
for laboratory animals. Txvo milliliters of a broth culture injected ultra 
pentoncally will kill a guinea pig within a few days, and killed baci i are 
very nearly as effective. Spontaneous infection of lower animals is not 
The diarrhea of young calves known as "scours” has been attn ute 
Bact. coli septicemia. The colon bacillus is also thought to be a factor ^ 
causation of diarrhea of foals and young pigeons. Local infection *p a 5 0 ’ 

in one series of 286 cases of bovine mastitis, 10 were apparent y u 
members of the colon-aerogenes group, of which 3 were typical Boct. co i- 

Varieties of Bacterium Coli. The aboi'e discussion has 4 en erJ f 

"typical” Bact. coli and, although the description holds true vn R , 
"atypical" strains are not infrequently found. These varieties may e ^ ^ 
for pedagogical purposes, into two groups, one "fermentative ^ V ‘' acves 
the other, the strains intermediate between Bad. coli an • " ^ 

The latter straddle the lines of demarcation drawn between t e ^ 
by various differential tests and will be discussed m a later se 
connection. , owing to 

The Fermentative Varieties. These may, of course, e m * 

* Jordan and Burrows Jour. Inf. Dts., 1935, 57:121. , ^ 155. 

5 Gwatkin, LeGard and Hadwen Canadian Jour. Comp. I\ e , » 
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Ab in diphtheria immunization, the mast significant result, have been reported 
fewr hospitals or other institution* in which the risk of contracting scarlet fernrisuirasualiy 

Benson (1028) records tho effect of Dick-testing and immunization on the ineidtnee 

‘ h ° T” 8 , 6talT ° f tt0 EdinW S h City Fever Hospital. From 
101 J to I02o, the incidence of scarlet fever fluctuated between 4-82 and 10 27 per cent 
Immunization was started in October 1925; in 192G the incidence was 3 52 per cent 
and m 1927 it was 0 67 per cent. The figures for 1928-31, as given in the Annual Reports 
of the Medical Officer of Health for Edinburgh, Bhow that the very low incidence of scarlet 
fever was maintained. 


Dick and Dick (1929), summarizing their records, state that among 11,684 immunized 
persons in institutions where scarlet fever was epidemic, no case of scarlet fever occurred, 
and that of 1,191 nurses or interns immunized before commencing work in fever hospitals 
none contracted the disease. 

In a group of nurses aged 18-26 years, Cruickshank (1D3C) found the percentage inci- 
dence of Bcarlet fever to be 0 0 in the naturally Dick-negative, 2 8 in nurses Dick -negative 
by immunization, 15 0 in nurses who were positive after immunization, and 25 0 in nurses 
who were originally positive but were not immunized. 


It may be noted that the experience of active immunization in man b in general 
accord with the view that the protection afforded is less effective against the invasive 
than against the toxcemic effects of hiemolytic streptococcal infection. Thus Kin- 
loch and others {1927} note an increase in the frequency of streptococcal tonsillitis 
among the nursing staff of a fever hospital after immunization, suggesting that the 
typical scarlatinal syndrome had been replaced by an infection confined to the 
throat. Benson (192S), on the other hand, recorded a slight diminution in the 
incidence of tonsillitis among the nursing staff after immunization ; but the diminu- 
tion was insignificant in comparison with the much greater decrease in the incidence 
of scarlet fever among the staff over the same period (see also Place 1938, Rhoads 
1949). 

In practice, owing partly to the difficulty of giving five injections, partly to 
the severe clinical reactions that follow in some subjects, and partly to the absence 
of protection conferred against infection as distinct from toxamia, the use of active 
immunization is very limited. Its chief value is for nurses in fever hospitals, or 
some children’s institutions, and for countries in which the death rate from toxic 
scarlet fever is high. , . , 

Inoculation of contacts with antitoxic serum affords passive protection 
2 to 3 weeks, and may he used in sick or debilitated children or for other specie 
reasons, when the risk of repeated exposure b negligible. 


The Treatment o! Scarlet Fever. 

Antitoxic Sera.— Clearly, the demonstration that a „«£ 

can be obtained by immunizing a horse against erythrogemc toxin rais s q 
of the value of such antisera in the treatment of the disease in mam 
It seems reasonable to suppose that a spec, tie a 1 " 
effect on those manifestations of scarlet ever that are ** 

We mieht expect a saving of life m severe toxeenuc c , Whether 

and a more ipid subsidence of the fever in the 

the serum exerts an indirect effect on the bacteria “^^?“- fcn ces, it » 
of toxamia from the body and thereby improving its aut.bacten 

difficult to say. 
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the number of sugars whose fermentation by these bacteria is variable A 
few of" these are, however, well known and may be mentioned briefly In 
regard to the sucrose fermentation, about half of the strains of coli isolated 
are able to ferment this disacchande while the other half are not, and the 
two fermentative types have been given different names, the strains of Bact. 
coli that ferment sucrose are called Bacterium colt communtor, while those 
that do not ferment sucrose are termed Bacterium coli communis (or co m- 
ntune). 

Much less frequently strains of Bact. coli are isolated which do not imme- 
diately ferment lactose, *.e., their colonies on Endo’s medium are white. In 
the course of incubation, however, red papillae develop on the white colonies 
which, upon subculture, ferment lactose and breed true Such strains have 
been known for many years and are termed Bacterium coli mutahile This 
phenomenon is discussed elsewhere (p. 174) m connection with bacterial 
variation 

A fourth fermentative type which resembles Bact. coli in all particulars 
except that it ferments sugars with the production of acid and no gas is 
generally known as Bacterium coli anaerogencs. Although these names are 
commonly used they have no taxonomic standing and are a matter of 
convenience only. 

The Paracolon Bacilli. Another fermentative variety whose relationship to 
the typical coliform bacteria is not clear is that which is characterized by 
late (five to fourteen days) lactose fermentation. In this respect these strains 
resemble the Sonne and dtspcir dysentery bacilli, and some strains resemble 
the typhoid and dysentery bacilli m that they are anaerogenic. They may 
be grouped into paracolon coli, -intermediate, and -aerogenes strains. 0 They 
appear to be pathogenic to a minor degree, not only having been found in 
association with mild enteric infection, but also having produced laboratory 
infections. Perhaps the greatest difficulty in assessing the possible pathogenicity 
of the paracolon bacilli is that of identifying types and strains with precision. 
In a number of instances, however, immunologically identical or closely related 
strains have been found in outbreaks of diarrheal disease, and the close cor- 
respondence of the immunological character of the microorganism with the 
epidemiology of the disease is strongly suggestive of an etiologic relationship 
They are perhaps to be regarded as transitional forms between the lactose- 
fermenters and the non-lactose-fermenters and possibly allied to the Sonne 
dysentery bacilli. The group is, however, a heterogeneous one and is not to be 
regarded as a well-defined type of enteric bacteria. 

Bacterium cloacae, regarded by many as a distinct species, may be mentioned 
here, for it differs from Bnct. coli in that indol formation is variable and gelatin 
is liquefied The latter property serves to set Bact. cloacae off from the other 
mei ’ 1 1 ’ ' ’ d as an 

mtc which 

do >o been 

found to have some pathogenic properties. 7 

6 See Stuart, Wheeler, Rustigan and Zimmerman Jour. Bact , 1943, 45. 101; Stuart and 
Rustigan Amer. Jour Pub Health, 1943, 33'1 323. 

7 Caminita et at, t Pub. Health Repts., 1943, 5S.1 165. 
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streptococci. In practice, it is advisable to give antiserum when the initial tossmia 
as shown by a temperature of 102° F. or over and a bright rash, is severe. A sm* 

tT® °h ^ 000_6,00 ° USiL unifs shouId be infected intramuscularly (Joe 1951) 
Though the antiserum may protect to some extent against complications, there 

Jlt “ e e ™ en ' c of an y curative effect when it is given after the complications 
have developed. 


The Standardization o! Scarlatinal Antitoxin.— As in the case of all other antisera 
the standard of reference is an arbitrarily selected sample of scrum. The unit was 
originally defined as an amount of antitoxin neutralizing a certain number of 
“ skin tcsfc doses ” man (see Dyer 1928), but later the proper course was taken 
(see Chapter 43) of equating the unit to the specific activity of an arbitrarily selected 
quantity of a standard preparation of antitoxin. For many years a standard 
antitoxin and an antitoxic unit, established by the National Institutes of Health 
(N.I.H.) in the United States of America, had the status of a provisional inter- 
national standard and unit. In 1953 a stronger antitoxin was established as the 
international standard, with an international unitage equivalent to the existing 
N.I.H. unit (Report 1953). 

The neutralizing power of the antitoxin may be estimated by intracutaneous 
titration of toxin-antitoxin mixtures, or by a flocculation test. Most laboratory 
animals, however, arc insusceptible to the toxin Parish and OkeJJ (1927) attempted 
to circumvent this difficulty by testing the capacity of antitoxins to prevent acute 
septicsemic death in rabbits inoculated with virulent Sir. pyogenes (see also O’Brien 
et al. 1929). 


In 1930, however, Fraser and Plummer described a method of titrating scarlatinal 
toxin and antitoxin in the skin of Chinchilla rabbits ; and further experience with this 
test suggests that, with certain modifications, it gives results as accurate as those obtained 
in the human skin, or by the method of Parish and Okell (sec Kolchin et al. 1933, Plummer 
1934, Buttle and Lowdon 1935). A version of Buttle and Lowdon’s method is accepted 
as satisfactory in the British Pharmacopoeia (1953). Veldec (1932) and Malcolm and 
Wyman (1935) developed a similar test, using the ear of the rabbit ; but the method is 
difficult to apply except by experienced workers and with rabbits selected for susceptibility- 
Many attempts have been made to titrate the erythrotoxin by a constant-antigen 
flocculation method analogous to the Ramon titration of diphtheria toxin. Success u 
in vitro titrations of erythrogenic toxin, tallying with those in man and anima s, ave 
been made, using solutions of toxin containing over 50,000 skin test doses (Bane an 
Wyman 1937, Bunncy and Koerber 1941, Hottle and Pappenheimer 1941, Proom - 


Rao and Moloney 1950). 

Convalescent Serum.— Convalescent serum in the treatment of wallet fever as 
certain advantages over horse antitoxic serum and is preferred by some W£>1 
(see Gordon 1933, Fox 1937, Platou, Dwan and Hoyt 1941). It does no! : g 
rise to serum reactions, it is homologous and is therefore excreted more s ow y, 
it may have antibacterial as well as antitoxic properties. Largc-sca c cs • P 
convalescent serum indicate that it may be at least as e ec nc .(,<171 ^op 
reducing both mortality and complication rates (Fox and Hard^o\ W h 
and Young (1939, 1911), who recommend its use the septic forms of scarlet lc^ 
found that a pooled serum containing 60 antitoxic units per m i . conv3 | MCCn t 
a horse antitoxin containing 6,000 units per ml., an c °" ant ;b 0 dics. Moore 
scrum owed its efficacy to antibacterial as we as o a - ^ antibacterial 

and Thalhimer (1939) tested convalescent sera for ant t . b (t . ricK L,| power, 
activity. The antitoxin content averaged 3*3 units per ml. ^ ebactencw I™ 
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bacterium aerogenes 

Eschcrich originally described two types of grain-negative lactose-fermenting 
bacilli, the one Bact. coli and a second which was non-motile, somewhat shorter 
and plumper, and which clotted milk more rapidly. This second variety, first 
termed Bacterium lactis aerogenes, is now generally known as Bacterium 
aerogenes C Acrohacter aerogenes'). Bact. aerogenes is commonly found in 
soured milk and, unlike Bact. coli, appears to live a saprophytic existence in 
nature on the surface of grains and similar places. Because of the apparent 
difference in the origin of these two kinds of Jactose-fermenters, their differ- 
entiation has been a matter of great interest in connection with the use of 
Bact. coli as an indicator of fecal pollution (p. 253). 

Because of the close resemblance of Bnct. coli and Bnct. aerogenes, the 
latter may be adequately described in terms of its differences from the former. 
The morphological differences arc minor and variable and cannot be used 



Fig. 66. Bacterium aerogenes. Smear from a pure culture Note the coccobacillarj fo 
Fuchsin, X 1050. 


as differential characters. Bact. aerogenes, it may he noted, is o ten encjps 
lated, while the presence of capsules on Bact. coli is relatively inrrequen • ^ 
general, the fermentative power of Bact. aerogenes is somewhat greater 
that of Bact. coli, the ratio of carbon dioxide to hydrogen in the > 

is about 2:1, milk is curdled more rapidly, and starch ou -this 

in gelatin is more luxuriant, in gelatin tubes a projecting nail- ea gr 
characteristically produced Indol is not produced in peptone so utl ° n 
In conjunction with the above differences, three additiona tes s 
monlv used in the differentiation of these bacteria: „ r a 

O) The methyl red test is no more than the determination o ^xl^es 
dextrose broth culture after two to four days’ incubation, ac . co ^ 
and maintains a high acidity, and when the indicator is a e i ^ t j ie 
Bact. colt ts said to he methyl red positive. In Bact. aerogenes cu .^ [cator 
other hand, the hydrogen ion concentration is lower, the a e 
yellow, and Bact. aerogenes is said to he methyl red negatn e. 



1674 DISEASES DDE TO imMOhYTIO STREPTOCOCCI 

response to infection. In some, the prevailing clinical disease n-as scarhtina- 
m others, it was sore throat, without the rest of the scarlatinal syndrome (Davis 
andRosenow 1912, Stokes and Hnchtcl 1912, Coleman and Wheeler 1926) This 
epidemiological evidence has been greatly strengthened during recent years by tit 
studies of Griffith and others (see Glover and Griffith 1931, Griffith 1931) which 
have shown that a single antigenic typo of Sir. pyogenes, spreading in a closed 
community such as a school, will produce scarlet fever in some cases and toasife 
in others. It seems probablo that the alternative clinical manifestations of tonsil* 
Jitis and scarlet fever ore determined mainly by the ratio between the toxigenicity 
of the infecting strain, and the antitoxic immunity of the host (see Okcll and 
Parish 1928, Okell 1932). 

Acceptance of this view entails the assumption that different strains of Sir. 
pyogenes vnry considerably in their ability to produce the crythrogcnic toxin invito, 
since our knowledge of the distribution of antitoxic immunity, as revealed by the 
Dick test, renders it improbable that the average resistance of the communities 
affected can have differed widely enough to account for the striking difference in 
the clinical manifestations observed. 

It would perhaps be unwise to interpret the term “ toxigenicity ” too literally, 
because the strains may also be characterized by differences in invasiveness and 
in the capacity to multiply freely in the tissues. The studies of Griffith and his 
colleagues on outbreaks of streptococcal infection in schools supply some of the 
strongest evidence in support of the view that there exist ‘'epidemic strains" 
endowed with a heightened power of spreading naturally among the population at 
risk. On the whole strains of Sir. pyogenes giving rise to scarlet fever appear to 
be more pathogenic than those giving rise only to tonsillitis. Rhoads (1019), for 
example, observed among nurses at Cook County Hospital an incidence of otitis 
media twice as high and of nephritis five times ns high in cases of scatlet fever as 
m cases of ordinary streptococcal sore throat. A good deal of unpublished evidence 
points in the same direction, but further observations on this point are called for. 

It is by no means clear what proportion of sore throats met with in practice is duo 
to infection with Sir. pyogenes. In the study carried out at Glasgow by Anderson an 
his colleagues (Landsman et at. 1951) tho observers were surprised to find that on } 
out of 100 sore throats yielded lucmoljtic streptococci on culture of tho nose or t 
Xor is it clear, in many cages of BO re throat In which Sir. pyogenes is found, what par 
organism is playing in the causation of the lesions. In the study just quoted, t ® ^ 

of 40 cases m which hicmolytic streptococci were present m abundance con aine 
higher proportion of cases exhibiting headache, anorexia, vomiting, swcating.cn 3 ? 

rigors than the group of 22 cases in which streptococci were sjanty or tho 8 rou P * ' 
cases in which they were absent. In these two latter groups there "as a ug cr ^ 
tion of cases with sneezing, rhmorrheea. stuffy nose and cough. The au ors are ^ 
ground when they conclude that a clinical diagnosis of streptococca “ ri ’ roa 
bo made with any degree of assurance. 

Mention has already keen made under scarlet fever of the occasional 
infectivity of convalescent carriers having enlarged unhealthy o ■ ■ s 

of these, throat swabs may fail to detect btemolytic strep ococci, ’ ^39 

can usually be isolated from about 50 per cent of excised 
Keogh ct al. 19396, Macdonald et ol. 1940). Kants (194 ) d^ ^ (iw3 , 
per cent, from the tonsils after removal, but of only 16 p 
swabs before tonsillectomy. 
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(2) The Voges-Proskauer reaction is a qualitative test for the presence of 
acetylmethylcarbinol or, more properly, for diacetyl. In the fermentation of 
glucose Bad. acrogenes forms acetylmethylcarbinol along with organic acids 
and other products, while Bad. coli does not form this substance. The culture 
is grown in glucose-peptone broth for two to four days. When 5 ml. of 10 
per cent potassium hydroxide solution is added a deep pink color develops 
on standing m cultures of Bad. aerogenes but not in cultures of Bad. coli. 
Bad. aerogenes is, then, Voges-Proskauer positive and Bad. coli is negathe 
and there is a negative correlation between the Voges-Proskauer test and the 
methyl red test. The mechanism of the Voges-Proskauer test is as follows 
upon standing in the presence of alkali the acetylmethylcarbinol present is 
oxidized to diacetyl, which in turn combines with an unknown constituent 
of the peptone to form the colored substance Acetylmethylcarbinol is not 
formed during the early stages of fermentation by Bad. aerogenes but as a 
consequence of further decomposition of the initial products of fermentation, 
hence a two- to four day culture must be used 

(3) The citrate test is dependent upon the ability of Bad. acrogenes to 
utilize sodium citrate as a sole source of carbon in a synthetic medium A 
medium consisting of sodium ammonium phosphate, potassium phosphate, 
magnesium sulfate and sodium citrate is inoculated with the bacteria Bad. 
aerogenes grows in this solution and is said to be citrate-positive; Brief, coli. 
docs not grow to any appreciable extent and is said to be citrate-negative. 

The differential reactions of Bad. coli and Bad. aerogenes may be sum- 
marized in tabular form- 
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The four most commonly used tests, mdol, methyl red, Voges-Proskauer 
and citrate, are frequently referred to bv the mnemonic Tmvic” or TMViC,” 

which fixes them in order. 8 In this terminology typical colt is C4 — | — ) 

and typical aerogenes ( \- +). 

Other criteria have been used from time to time, including the fermenta- 
tion of cellobiose, inositol, glycerol and other carbohydrates, the utilization 
of uric acid and the Eijkman test The last consists in the fermentation of 
lactose at 45.5° ±0 2° C., and gas formation in forty-eight hours is taken 
as positive. Bact. coli is positive to this test, while Bad. aerogenes is negative. 

The Colon-Acrogcncs Intermediates. ‘Typical” Bact coli and “typical” 
Bact. aerogenes arc, as indicated abo\ e, readily differentiated, but these bacteria 
represent extremes which are connected by a variety of intergrading forms. 
On the basis of the IMViC tests 16 combinations are possible, and all of these 

K Cf. Parr Amcr. Jour. Pub Health, 1936. 26 39. The relationships of the coliform 
bacteria are discusses! at length m the re\ic\\ bj Parr Pact. Ret., 1939, 3-1, See also 
Vaughn and Let me: Jour. Bact . 1942. 44 487. 
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mT'nTu 19 ? 6 'J iU ?j b ^ n MldBi SS“ 1925, Colebrook, L, 1926, Kmloch „ al 
1928, Colebrook, Dora C., 1935, and others), Dora Colebrook (1935), for instance in 
reviewing the results recorded by various workers, notes that among the fatal casts 
of puerperal fever the proportion due to infection with hiomolvtic streptococci 
varied from 68 to 96 per cent Most of these streptococci belong to Group A a 
small proportion to Groups B, C, D and G, and very rarely to some of the remain, V 
groups (Lancefield and Hare 1935, Gardner 1939, Chatterjce and Jhtter 19111° 
Infection by hnmolytic streptococci other than Group A is not usually seme, 
though among these milder infections a number of authors have noted severe and 
sometimes fatal cases of septicaemia, often associated with infective endocarditis, 
following puerperal or post-abortion infection bp streptococci of Groups B, G and 
rarely C (Colebrook and Purdie 1937, Fry 1938, Macdonald 1939, Hill and Butler 
1940, Rosenthal and Stone 1940, Ramsay and Gillespie 1941). 

Puerperal fever results from streptococcal invasion of the tissues. There is no 
reason to suppose that the erythrogcnic toxin plays any essential part in its causa- 
tion. The disease is as common in women with a negative Dick reaction as in those 
who react positively (Burt-White el nl. 1930, Stent 1930, Baird and Cruickshank 
1930) ; and an attack of the disease in a Dick-positive woman does not render her 
Dick-ncgativc (Kenny and Colebrook 1937). 

Sources of Injection.—' The question to be decided is whether the streptococci 
are of intrinsic or extrinsic origin — whether, that is to say, they are present in the 
genital tract before labour or are introduced from without during labour or the 
puerperium. The balance of evidence strongly favours their extrinsic origin. 

Careful studies of the vaginal flora before labour have shown that hemolytic 
streptococci ore very infrequent (Fromme 390S, Kanter and Pilot 1924, Lockhart 
1925), and that the small proportion of strains that are found then or during the 
normal puerpenum do not usually belong to Group A (Hare and Colebrook 193b 
Lancefield and Hare 1935). Nor can Str . pyogenes be demonstrated on the perineal 
or peri-anal skin of normal pregnant women (Colebrook, Maxted and Johns 1935) 
or in their fames during the early stage of labour (Hare and Maxted 1935). 

If we abandon therefore the intrinsic origin of infection, wo must deterimn c 
the source of the streptococci that reach the genital passages from without. T e 
possibilities are the nose and throat of the patient herself or of some other person 
m the vicinity. Since the normal nasopharyngeal carrier rate of Sir. pyogenes is 
about 6 per cent., it would be unjustifiable to conclude that a strain isolate ro® 
the vagina was necessarily derived from the throat of the patient or a contac , 
but by identifying the specific type of each of the streptococci ischted, ar m° r 
significance can be attached to the results. 

Smith (1931, 1933), studying 49 cases of puerperal fever caused by Sir. pyogenes, foun 
an antigenically identical strain m the throat or nose of 8 of the patients »n ° „. 

the contacts, thus accounting for 39 out of 49 of the series. Dora o e W - n 
studying 63 cases, obtained corresponding figures of 24 and 39 reapec ive j, ° t j, e 
some of the latter group the organism was isolated from the nasopiarynx _ tra[)q f cr 
contact and the patient herself, rendering it difficult to decide in w uc (i 
had occurred. source 

We may conclude that in a fairly high proportion of cases JJ* ‘ T, tto ,K 

of uterine infection with Sir, pyogenes during labour or the pile P 
or nose of some person in contact with the pat.cnt-usually a doctor, nun 
or nurse— or of the patient’s own throat or nose. 
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have been found 0 The allocation of these intermediate forms to coli or 
cierogenes is, obviously, a difficult matter and probably not advisable. It is 
the practice of many to set up a “coli group,” an “nerogenes group” and an 
intermediate group * which may be referred to in the aggregate as the colifom 
bacteria. The existence of the intergrading types so lumped and the atypical 
strains of coli discussed earlier has interesting phylogenetic implications that 
cannot be considered here. 

The Immunological Relationships of the Coliform Bacteria. The 
antigenic structure of the colon bacilli has been investigated by a number of 
workers and most intensively by Kauffmann. 10 There appear to be three kinds 
of antigens present, viz.: 

Cl ) Heat-stable O antigens, of which 1 10 have been found. Of these, 25 occur uith 
sufficient frequency for diagnostic use with most strains of coliform bacteria. 

(2) Somatic surface antigens, designated as “envelope” antigens or K antigens. These 
function as “blocking antigens” in" that their presence interferes with agglutina- 
tion with O antisera. Three kinds of K antigens have been described. 

(a} Those which are designated L antigens are thermolabile and the O agglutina- 
bihty of bacterial suspensions is restored by boding. L antisera may be pre- 
pared by absorption of LO sera with the homologous O antigen, viz., boiled 
bacteria. The colonies of strains containing L antigens are somewhat more 
^opaque than those which do not contain them. About 24 L antigens hate been 
described. 

Cb) The component of the K antigen designated the A antigen is present m en- 
capsulated coliform bacilli, is a specific polysaccharide, and bacteria contain 
ing it give a QueUung reaction in antiserum. It differs from the L antigen in 
that it is thermostable. So-called N variants lacking the antigen are found in 
translucent areas at the edge of the large, dense and relatively opaque 
colony. About 20 A antigens have been found. 

(c) An antigenic component of the K antigen complex, designated the B antigen, 
is thermolabile but differs from the L antigen tn chat the heated antigen can 
absorb antibody though heated suspensions will not agglutinate m memo 
specific B antiserum. The B antigen appears to be relatively rare. 

(3) The flagellar or H antigens of the coliform bacilli are often poorly a ei eloped- 
22 components have been found of which 20 are used for purposes of ideate ca 

Kauffmann has developed a serological classification of coliform bacil i. 
largely Boot, colt, based on the distribution of O, K and H antigens, n 
eral, about 80 per cent of strains having K antigens contain L antigens, an 
the other 20 per cent contain A antigen or B antigen. Strains containing ^ 
antigen appear in a general way to be the more toxic and more resistan 
phagocytosis and the bactericidal action of antibody, and are foun mor ’ 
quently in pathological material than in feces. Some of the coliform a ^ 
are immunologically related to some of the other gram-negative aci i, 
the plant pathogens, Friedlander's bacillus and Salmonella, while ot c 
to be related to certain of the pneumococcus types. , . v h;] c 

Wallick and Stuart 11 have made the interesting observation \ oc f ca |iy 
most of the colon bacilli harbored by a given individual were imtnti^ ^ 
identical, or nearly so. individuals showed a continuous succession ^ 

each predominating for a few weeks or months and then being rep 

0 Sanborn- Jour. Bact., 1944, 48. 21 1. . 

See the review bv Kauffmann Jour. Immunol.. 1947, 57 71. 

tt Wallick and Stuart Jour. Bact., 1943, 45 121. 
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l ™ d , ^ e . obaetvatioM of White (1933) suggest that this 
.tural habitat. In this case therefore there can be little 
:tion is largely intrinsic. (For other references in relation 
and their role in puerperal fever, Bee Chapter 24.) 

Other Types of Puerperal Infection.— It remains to add that a few cases hare 
been reported in which a fatal pyremic infection due to Staph, aureus has developed 
during the puerperium ; but these are rarities. 

In regard to the less severe and fatal types of puerperal infection, which are for the 
most part localized to tho pelvis, a variety of bacteria may be responsible. Many cases 
ate due to a localized infection with Bad. coli, and these are not infrequently associated 
with an infection of the urinary tract. Another group of cases are due to pelvic infections 
with the gonococcus ; and another group, especially after abortion, to infections with 
Cl. welchii (sco Butler 1941). Infections caused by anaerobic non.sporing bacilli of the 
Fvsiformis group are briefly considered in Chapter 79. 

Other Infections associated with Hcemolytic Streptococci 

Cellulitis and other forms of suppuration due to Str. pyogenes are discussed in 
Chapter 67 ; the part played by this organism in acute respiratory infections is 
considered in Chapter 74, and its relation to acute rheumatism in Chapter 68. 


of the female genital tract 
may be their principal nj 
doubt that puerperal infe( 
to anaerobic streptococci 
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fresh type. It was noted also that iirmnmologically identical types were some- 
times biochemically different 

The Ecology of the Coliform Bacteria. The distnbution of the coli- 
form bacteria in nature is a matter of some importance in connection with the 
use of these organisms as indicators of fecal pollution and has been studied 
by a number of workers The results of these studies are most conveniently 
expressed in the accompanying tabular form modified from Griffin and Stuart. 12 
Although the percentages given there may not be regarded as an accurate 
expression of the distribution of the coliform bacteria in nature, it will be 


PERCENTAGE DISTRIBUTION Or COLIFORM TYPES* 
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* As compiled from \ arious authors In many instances the strains studied w ere not isolated 
at random; the percentages are, therefore, weighted, and great significance cannot be attached 
to them. 


clear that no strict lines of demarcation regarding habitat may be drawn 
Aerogenes and intermediate types are found in the intestinal tract in appre- 
ciable proportions, but it is probable that coli found in water, soil and 
elsewhere in nature is present as contamination and is always fecal in origin. 

FRIEDLANDER’S BACILLUS 

A heavily capsulated bacterium, closely related to the coliform bacilli, 13 
was described by Friedlander in 1883 as the causative agent of pneumonia. 
As indicated in a previous chapter, the pneumococcus is the causative bac- 
terium in the great majority of lobar pneumonias, but the bacillus described 
by Friedlander is also responsible for a small proportion of pneumonias in 
man. The bacterium has been variously known as the pneitmobaallus, Bac- 
terium pneumoniae. Bacterium friedlanderi, Bacillus ntucosus capsulatus, 
Encapsulate pneumoniae and Klebsiella pneumoniae. 

Morphology nml Staining. Friedlanders bacillus is a short, thick oval 
rod 1 to 2 p long and 0.5 to 0.8 p thick, arranged singly and in pairs end to 
end. The diplobacillus arrangement is common in the body. Some strains are 
pleomorphic in culture, showing filaments and other forms, but these are not 
usual. These bacteria are non-motile and non-spore forming. A heavy capsule 

i* GnfHn and Stuart. Jour. Bact., 1940, 40 83. 

13 Sec the comparative stud> by Overman and Rcitgcr. Jour. Bact., 1941, 42 699. 








1080 DISEASES DDE TO E&H0LYT10 STREPTOCOCCI 

Haiie, R. and Colibrook, L. (1034! Path. Bad., 89. 429. 

Hiia, R. and JIaited. W. R. (1935) J. Pat 4. Bad., 4i. 513. 

Harries, E. H. R. (1927) An n. Jt,p. rmd. Oflr III Ih, Birmingham, p. 69. 

H artery, P Tdlloch, 1\ . J., Anderson, M., Davidson, IV. A ., Grant, J. Jamieson 
1\. M., Neubauer, C., Norton, R., and Robertson, G. H. (1950) Spec Rep See 
med . Jits. Court., Lend., No. 272. [ p 1 ' 

Harwood, F. C„ Pownev, J., and Edwards, 0. W. (1944) Brit. mid. J., i 615 
Hasenknopf and Saloe. (1903) Jb. Kindtrhnlk., 58. 218. 

Hektoen L. (1903) J. Amts. mtd. Ass., 40, 685; (1935) Ibid., 105 1 
II el1.tr, S. (1827) Mei. Elm., 23, 320. ' 

Henninosen E J. and Ernst, J. (193S) J. Hy,„ Camb., 38, 3S4 ; (1939) Ibid., 39, 51. 
Henry, J, N. (1935) J. Amer. med. Ass., 105, 488. 

Hill, A. M. and Butler, H. M. (1940) Med. J. Aust., j, 293. 

Hirsii, II. L., Rotman-Kavka, G„ Dowling, H. F., and Sweet, L. K. (1947) J Amer mei. 
Ass., 133, 657. 

Hobson, F. G. (1936) Lancet, i. 417. 

Hottle, G. A. and Pafpeniieim er, A. M. (1941) J. exp. Med., 74 545 
Husler, J. (1927) Munch, med. IFschr., 74, 707. 

James, G. R. (1920) J. Hyg„ Camb., 25, 415. 

James, G, It., Joe, A., and Swyer, R. (1929) J. Uyg., Camb., 29, 347. 

Jersild, T. (1948) Lancet, i. 671. 

JocmiANN, G. (1905) Z. klin. Med., 56, 31G. 

Joe, A. (1951) Brit. med. J., i. 181. 

Jones, F. S. and Little, R. B. (1928a) J. exp. Med., 47, 945 ; (19286) Ibid , 47, 957. 
Kanter, A. E. and Pilot, I. (1924) Surg. Oynec. Obstel., 38, 96. 

Keefer, C. S., Rantz, L. A., Shuman, H. H., and Rammelkamp, C. H. (1942) Arch, intern. 
Med., 69, 952. 

Keefer, C. S. and Spink, W. W. (1936) J. din. Invest., 15, 17, 21. 

Keith, J D. and Carpenter, J. ( 1046 ) Canad. J. publ. Hlth , 37, 127. 

Kelsey, H. (1941) Med. J. Aust., i. 728. 

Kenny, M. and ColebrOOK, L. (1937) J. Path. Bad., 44, 91. 

Keogh, E. V., Macdonald, I., Battle, J., and Puckey, M. C. (1939a) Med. J. Aust , i 792. 
Keogh, E. V., Macdonald, I., Battle, J., Simmons, R. T., and Williams, S. (19396) 
Brit. med. J., n. 103G. 

Keogh, E. V., Simmons, R. T., and Wilson, H. (1941) Aust. J. exp. Biol. med. Sci., 19, 51. 
Kidd, P. (1944) Mon. Bull. Mintst. Hlth. Lab. Serv., 3, 135. 

Kinloch, J. P., S.MiTn, J, and Stephen. (1928) “Maternal Mortality in Aberdeen, 
etc.,’’ Scot. Bd. Illth. Edinb. 

Kinloch, J. P., Smith, J., and Taylor, J. S. (1927) J. Hyg., Camb., 26, 327. 
Kibkbride, M. B. and Wheeler, M. W. (1926) J. Immunol., 11, 477. 

Kodama, T., Chiku, Y., Kodaika, T., and Kodama, A. (1937) Kilasato Arch, M, 
Kodama, T., Ozaki, M., Nisiyama, S., Ioarasi, J., Tiku, Y., and Kawamura, It. (MW] 
Kilasato Arch., 16, 110. 

KoLcniN, B. S. (1940) J. Lab. clin. Med., 25, 762. 

Kolchin, B. S. and Klein, I. F. (1941) J. Immunol., 41, 429. 

Kolchin, B. S., Vladimir, F. B , Shapiro, R., and Feio, I. (1933) Immunol , 24, 

Krumbieoel, E. R. (1938) Amer. J. publ. Hlth, 28, 1096 „ , 

Krumwiede, C., Nicoll, M., and Pratt, J. S. (1914) Arch, intern. Med, 13, J0J. 
Lancefield, R. C. (1928) J. exp. Med, 47, 91, 469, 481, 843, 857. 

Lancefield, R. C. and Hare, R. (1935) J. exp. Med., ,61, 335. 

Landon, J. F. and Greenfield, N. (1948) Amer. J. Dis. Child., 46 , . SO. 

Landon, J F and Jackson, S J. (1948) Amer. J. Dis. Child 76, 6<> T< 

Landsman, J. B , Grist, N. R-, Black, R., McFarlane, D , Blais, W., arJ Ander • 

Landsteiner? K.^Levaditi, G, and Phaser, E. (1911) Ann. Inst. Pasteur, 25, 754. 
Lash, A. F. (1926) J. Amer. med. Ass., 86, 1427. 

Lenthe, H. (1927) Dlsch. med. TTacAr., 53, 313. 

Little, G M. (1939) Canad publ. Hlth. J., 30, 488. 

Lockhart, L. P. (1925) J. Obslet. Gynaec 32, 49. 

London and N. England Committee. (1925) Bnt. med. J., 1 . “J. 

W. T. (1936) j. dm. 15, t _ ^ j M rflB . M ,J , 36, 312. 


i. 849. 


426 


The Enteric Bacilli 

is present on the bacilli in the body and is particularly evident in cultures on 
the richer media such as blood agar or media containing sugar. 

A slimy growth is produced on artificial media, and the colonies are round, 
amorphous, raised with a glistening surface and mucoid in consistency. There 
is no hemolysis on blood agar. 

The Friedlander bacilli stain readily with the usual aniline dyes, and are 
gram-negative. The capsule may be demonstrated in stained smears by special 
methods. 

Physiology. These bacteria are facultative anaerobes whose optimum 
temperature is 37° C. and temperature growth range from 12° to 43° C 
Nutritive requirements are exceedingly simple; these microorganisms grow 
luxuriantly upon the ordinary nutrient media and in simple synthetic solutions. 
In the writer’s laboratory, representatives of all the types of Friedbnder's 
bacillus have been found to grow well in the presence of an ammonium salt 
and simple carbon compounds such as acetate and, in one instance, formate. 


i* 

4 *■ 

[J. 



Fig 



67. Fnedlander’s pneumobacillus showing the capsules, blood-agar culture, 
with methyl alcohol and stained With carbol gentian violet nerryj. 


Fermentation reactions are highly variable from strain to strain, 
general a number of sugars are fermented. The lactose fermentation Isva V . 
Gelatin js not liquefied and indol production is variable. In view 0 re , 

of these bacteria to the coliform group it may be noted that the met > re 
citrate tests are positive, while the Voges-Proshauer test is negatne. 

The Friedlander bacilli are killed by exposure to 55 G. for t ir y ' ^ 

but are unusually resistant to drying and are said to survive ior a pc 
months. They are of average resistance to the usual germicidal c cr j?' q-|, c 
Variation. These bacteria dissociate as rough and smoot i , jj 
commonly observed colony type is regarded as the smooth orm ‘{ n 
analogous to the “mucoid” phase observed in some other ac . ^ 
the case of the pneumococcus, thc S-R transformation-^-^ 
the loss of the capsule and with a loss of immunological t)pe pec 
smooth form is virulent and the rough form avirulent. ^ rather 

Classification. Although an inhabitant of the upper r ( es F ir . ' CQ j;f D rni 
than intestinal tract, Friedlander’s bacillus is closely re atec 0 . ; t i$ 
bacteria, especially Brief, aerogenes. In the Bergey (19 ) c as 
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Friedltwder's Bacillus 

grouped with Brief. coli and Bact. aerogenes under the Eschericheae as 
KlebsieUa pneumoniae. This bjcterium is, hovvev er, exceedingly difficult to 
differentiate from the mucoid phases of the cohform bacteria and it is doubtful 
as to whether its individuality is such as to justify its status as the sole repre- 
sentative of a separate genus. It seems preferable, therefore, to include it in 
the same genus as the cohform bactena as Bacterium friedlanderi. 

Types. In spite of a number of attempts it has not been possible to make 
use of fermentations or other biochemical reactions in subdividing Bact. 
friedlanderi. Through the work of Julianelle , 14 however, it has been found 
that these bacteria may be divided into sharply defined immunological types. 
Analogous to the situation in the pneumococci, two types of antigen are present. 


1 



Fir 68. Colonic* of Fricdl3ndfr‘s bacillus on blood agar. Note tbe large sire and mucoid 
appearance. X 3 

The one, apparently nucleoprotcin in nature, is species-specific, and the other, 
a polysaccharide present in the capsule, is type-spccific. Juli.incllc has differ- 
entiated three serological types. Types A, B and C, to which the majority of 
strjms lxdong, and a Group X for the remainder. Type B is immunoiogically 
similar to, although not identical with. Type 2 pneumococcus The relative 
proportion of these types found in nature is indicated by Julianclle’s study 
of 80 strains; 42 belonged to Type A, 12 to Type B, 7 to Type C and 19 to 
Group X. The Type A sirains were largely from human sources and the 
T\pc B strains from lower animals. He has also reported that in Triendlandcr's 
lnctllus pneumonias. Type A was found in 64 per cent. Type B in 14 per 
cent. Type C in 7 per cent and Group X in 15 per cent. 

I’ntliogrnlrlty. Microorganisms of this group are not infrequently found 
associated with various upper respiratory infections in man. though it is likely 
th it in most instances they arc secondary invaders. They arc commonly present 
in the n.wophary nv of persons suffering from chronic sinusitis or chronic lung 
infections such as bronchiectasis. Pneumonia due to rricndlanders bacillus 
is rare and males up less th in l per cent of all pneumonia, hut the case fatality 
Jul.ancHe Jour. Ttp Mrd, 44 M3. 681. 735. ibul . I9J0, 52 539. Ann Ini. 
Met! ,1941, 51-190. 
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belonging to the same genus, is n frequent cause of the same type of infection either 
invading the blood stream directly from the lung, or from some suppurative focus 
such as an empyema Staph, aureus may produce a purely septica-raic infectioa 
following a localized infection ; a staphylococcal “ scarlet fever ” uhen the 
toxaemia of acute or fulminating infection results in a generalized erythema 
(Stevens 1927, Simpson 1953) ; and acute lymphangitis. The generalization, of 
a staphylococcal infection more commonly takes the form which is described in the 
following section. The occurrence of a transitory invasion of the blood stream by 
streptococci of the viridans type in cases of oral sepsis will be referred to in Chapter 
68 (p, 1715). Attention may be drawn to the occurrence of septicaemia due to 
the non-sporing Gram-negative anaerobic bacilli of the Fusi/ormis group. This 
type is particularly liable to follow anginal infections, though it sometimes occurs 
after appendicitis or endometritis (sec Chapter 79). Scpticmmia due to anaerobic 
streptococci also occurs. 


Infections by anaerobic bacteria arc liable to be overlooked because diagnostic 
culture of the blood is seldom made anaerobically ; and in the same way infections 
with bacteria that need an excess of carbon dioxide for growth (Chapter 3) will not 
be discovered unless a sample of blood is cultivated in air containing 5-10 per cent 
C0 2 (see Khairat 1910). 

The great majority of bacteria which produce suppurative lesions may on 
occasion give rise to a secondary septicemia ; and in almost all fatal cases of this 
typo such an invasion of the blood stream occurs during the terminal stages of 
the disease. Thus a scpticmmia occurs in cases of acute peritonitis, in rare cases 
of acute gonococcal infection, and so on. In some meningococcal infections, the 
septicrcmia appears to precede the appearance of purulent meningitis. Other 
bactcrfcnuc organisms include the coliform bacilli, Proteus spp. and more rarely 
chromogenic organisms like Ps. pyocyanea and Chr. prodigiosum. 

It is sometimes asserted that in 6epticmmia organisms arc multiplying m the 
blood, whereas in bactencmia they are derived from infected tissues. Such a 
distinction clearly cannot be drawn from the results of blood culture ; it rests 
indeed on dubious clinical inference. The large and rapid increase in the num er 
of circulating bacteria that sometimes takes place just before death suggests mu ti 
plication in the blood stream ; but with this exception, the gepticmmic phase o any 
bacterial infection is probably the expression of a rapid and continuous imasion 
of the blood stream from the tissues, cither from a single focus which is nc 
and extensive, or from the multiple foci which have been established earlier in 
disease. In the frankly suppurative diseases, in which the primary or secon a 
foci are accessible to surgical interference, the results of adequate drainage es ' 
to the efficiency of the clearing mechanism of the blood stream, if continuous 
invasion can be prevented. 


Pyremia. 


This term is employed clinically to designate a type of general infection, ^ 
mechanism of which differs, to some extent, from that re erre o a • q 
some bacterial infections, and particularly in the more severe or cttt 

with Staph, aureus, such as acute osteomyelitis, metastatic a scesse cage3 
in such situations as the kidney, the brain, or the m y°^ ar u “‘ mK ]tjpIe 

of appendicitis, or o! other suppurative lesions m the abdomm a'csondition 

abscesses may occur in the liver, in direct relation to the po a 
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Moltke 1 * found that production of hydrogen sulfide and the decomposition 
of urea distinguish Proteus from all other gram-negative gelatin-liquefying 
bacilli. In a study of 194 strains he observed a definite division on the basis 
of maltose fermentation; 37 fermented maltose and 1 57 did not. All but one 
of the maltose-positive strains produced indol and none of the maltose-negative 
did. There were other correlated qualities. At the present time the bacteria 
comprising the genus Proteus are classified entirely on a biochemical basis. 
As noted above, the group is distinguished by its ability to hydrolyze urea; 
the liquefaction of gelatin is no longer regarded as a significant character. 
Four species are recognized, Proteus vulgaris, Proteus mirabilis, Proteus rettgeri 
and Proteus morgani; the last is known in the earlier literature as Morgan’s 
bacillus (see below). These arc distinguished from one another on the basis 
of the fermentation of mannitol, maltose and sucrose and the formation of 
indol. 

Antigenic Structure. Proteus contains both H and 0 antigens (p 301) 
when motile, and the non-motile, non-swarming strains contain only 0 

r 



Fig. 70. Proteus vulgaris colony on blood agar. Note the swarming exhibited as successive 
waves of growth (Dack). 

antigen The species of Proteus arc immunologically heterogeneous but com 
mon antigens are frequently encountered and an immunological classi cant) 
of these bacteria has not been practical. Certain Proteusstrains arcagg ut,n ^ 
by the serum of patients having typhus fever. These so-called A strains 
an antigen common to the typhus rickcttsiae and the agglutination o 
bacilli (the YVcil-Felix reaction) is of diagnostic value in typ us 
820). In the Proteus strains the antigen is a part of the O antigen ^ 
specificity is determined by an alkali-stable carbohydrate haptene w ^ 
also found in the Rickettsia prowazeki • It> The best known or t e 
X-19. The X strains, it may be noted, frequently ferment maltose. ^ en 

Pathogenicity, Proteus, both in mixed and pure cu tures , ^ ^ 

found to be associated with a variety of pathological conditions^^ mgnV 
the eye and ear, pleuritis and peritonitis and suppurative a sc 
parts of the body are among the many instances in whic ^ a p roc j uc er 
power of this bacterium in pure culture can hardly be doubte • en dei)t 
of cystitis it probably ranks next to Bacterium colt. Besides i ^ p K t. 

18 Moltke Contribution to the Characterization and Systematic C as 

proteus vulgaris (Homer). Copenhagen. 1927. * c x p Med , 1^ ’ 

19 Cf. White. Brit Jour. Exp. Path., 1933, 14.145, Castaneda, jour. 

60-119- i bid., 1935, 62 289. 
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of soft nodes of granulation tissue situated in a network ot fibrous strands. Em- 
bedded in the granulation tissue are small yellowish-white granules about tie 5 ; !e 
of a gram of sand. Those consist of grape or mulbeny-liie clusters of Gram-positive 
micrococci surrounded by a zoogtaal substance. The granules are sometimes 
referred to as Bollinger s granules, and the organism has been called 11. asmfotmm 
though there is little doubt that it is in fact Staph, aureus . A similar picture is sees 
m mammary botriomycosfs of swine. In cattle, however, the colonies are sur- 
rounded by definite clubs instead of by an undifferentiated mass, and thus hear a 
close resemblance to true actinomycosis. In all three animals the disease may be 
reproduced by experimental inoculation of Staph, aureus under suitable condition?. 
Similar staphylococcal lesions have been observed on at least 10 occasions in man 
(Drake c i al 1946). 

Allied to botriomycosis is an enzootic staphylococcal infection of lambs, some- 
times referred to as tick pyaemia. It is common in Northumberland, Scotland and 
Ireland. Infected lambs may die from septicremia a few days after birth ; tbo^e 
that escape develop chronic abscesses of the joints and liver ; the meninges may 
also be invaded. The disease is caused by Staph, aureus. No satisfactory specific 
means of prevention is yet known (see McDiarmid 1916, Foggie 1918). 

Streptococcal Infections of the Skin and Subcutaneous Tissues. 

Erysipelas, on acute spreading infection of the true dermis, has been considered 
in Chapters 53 and 66. 

Impetigo contagiosa, a contagious and sometimes epidemic infection of the 
superficial layers of the skin characterized by early vesiculation and subsequently 
by weeping, yellowish-brown, scabbed lesions, is usually thought to be streptococcal 
in origin. It is in fact associated with Group A streptococci, Staph, aureus, ot 
with both (Cruickshank 1941). In a total of 180 patients, Bigger and Hodgson 
(1043, 1944) found the staphylococcus in 98-8 per cent, and the streptococcus in 
36 7 per cent. The streptococcus was seldom found alone and generally appeared 
late in the disease, suggesting a secondary infection. Cruickshank (1953) distin- 
guishes the streptococcal variety, in which the organism is found in the blister 
in the early stages, and which occurs most commonly in children aged 5-9, fioni 
the bullous staphyloccal variety discussed on p. 1685. (See also Fricdbcrg 191 •) 

Cellulitis is an acute spreading infection of the subcutaneous tissue, c “ at f c 
terized by the formation of a scro-pundenfc, often blood-stained exudate, wt 
no evidence of localization. Rapid lymphatic spread, and septicemic genera it 
tion, arc far more frequent than from localized staphylococcal infections- 
very acute infections, such as those which may follow post-mortem woun > 
local manifestations may be minimal, the spread being so rapid that an ocu ^ 
fatal septicaemia dominates the clinical picture from the first. In these cas 
streptococcus concerned is almost always Str. pyogenes , 

It may bo noted that a comparison o! the modal types of stap y oco 
streptococcal infection affords an excellent example of the impor ance 
ences in the biological characters ol bacteria, in deter mining t o yp 
which they produce when they gain access to the tissues. 

Mastitis in Cattle.— This important disease can only be toucb ® d 
Those seeking further information are reW t0 * e ^ ntty (Jlinrtt, 

and to the series of papers b 7 Minett and hrs “ ' * a gubtefortl 1931. 

Stahleforth, and Edwards 1929, 1930, 1932, 1933, Mmett and StoWelort 
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pathogenicity, it is found so commonly associated with other microorganisms 
in purulent war wounds and similar processes that its activ itv as an accomplice 
is probably second only to that of the cocci. 

In certain affections of the digestive tract Proteus has been frequently held 
to be the responsible agent. In diarrheic stools, especially those of infants, it 
has often been found in large numbers, and is regarded by many as a cause 
of infant diarrhea. 20 The real relation of Proteus to intestinal infection is, 
however, still obscure. 

Certain food-poisoning epidemics have been ascribed to Proteus These 
cases have been collected and subjected to a critical analysis by Bcngtson, 21 
who concludes that a definite proof of the causal relationship between the 
bacterium isolated and the illness is lacking in all instances Further evidence 
is needed to establish the role of Proteus in food poisoning. 

Animal inoculation shows that a great range of virulence exists among 
the Proteus cultures that have been tested. Freshly isolated strains from 
pathological sources may produce definite lesions, including abscesses, enlarge- 
ment of the spleen and a diarrheic condition. One strain from a case of 
peritonitis has been reported which killed mice in amounts of 0.005 ml. of 
broth culture. The ctiologic agent of "red-leg” disease of frogs, "ulcer disease” 
of brook trout, and "red sore” of pike has been found to be a bacillus closely 
related to the Proteus group and it has been classified as Proteus Uydrophiltts •** 
The cell substance of these bacteria is toxic on parenteral injection and, as in 
the case of the enteric forms, appears to be a glucolipid. No difference in 
toxicity is apparent between strains of pathogenic and non-pathogcnic origin. 

Morgan’s IlacHIii*. This bacillus was isolated by Morgan 23 from the 
stools of infants suffering from summer diarrhea. Although it was first desig- 
nated as "Morgans No 1," the other varieties of "Morgans bacilli” have long 
since faded out of general interest and recognition, so tli3t the name Morgan 
bacillus is usually applied to “Morgan’s No. 1.” In its cultural characteristics 
Morgan's bacillus resembles the coliform bacteria. Although it docs not liquefy 
gelatin, it is closely related to the Proteus group, and it is therefore classified 
as Pr mordant. 

This bacillus appears to have played a part in a number of outbreaks of 
summer diarrhea of infants and has been isolated from paratyphoid like fevers. 
It has l>een found to give rise to spontaneous epidemics of enteritis in mice. 
Injected mtraperitoncally into mice, Morgans bacillus produces a rapidly 
fatal infection. 

Nctrr nnd Tanar: Amer. Jour. DigeM. Dis , 1943, 10 344. 

RrnRtson Jour. Inf. Du . 1919. 24 429 

Kulp and Borden- Jour. Bact , 1*142. 44 673. Herd and Toner Canadian Jour. Re*., 
See C. 1942. 20 161. 

Morgan Bril. Med. Jour , 1906, 
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the year. It is far commoner in dry cows than in cows in milk, and usually develops 
shortly before calving. One or more quarters of the udder are affected. Constitu- 
tional symptoms, sometimes accompanied by swelling of the hock joints, are not 
uncommon. The disease is often chronic, and abscesses in the udder tissue may 
break through the skin. Microscopical examination of the udder secretion reveals 
enormous numbers of Gram-positive diphtheroid bacilli, which, when cultivated on 
coagulated blood serum, give the typical pitted appearance due to liquefaction. 
It should be noted that C. pyogenes, besides being associated with summer mastitis, 
is responsible for a variety of other suppurative infections in cattle. 

Staphylococcal Mastitis. — This form usually occurs a few days after calving 
One or more quarters of the udder are affected. The disease is sometimes acute, 
accompanied by gangrene, and may prove fatal. More often it is of the chrome 
catarrhal type (see Minctt 1937). The discharge from the affected quarters con- 
tains largo numbers of haemolytic coagulase-positive staphylococci — Staph, aureui. 
Occasionally a chronic granulomatous disease develops, usually referred to as 
actinomycosis, but more properly termed botriomycosis (see p. 1463). 

Diagnosis of Mastitis. — In its more severe forms mastitis can be detected by 
clinical means alone, but the chronic streptococcal types of infection usually call for 
laboratory assistance. Individual quarter samples of milk are preferred for examina- 
tion, the fore-milk being the most suitable. In well-developed cases of the strepto- 
coccal disease flakes in the fore-milk are visible against a dark background ; the 
reaction of the milk is more alkaline than normal ; on centrifugation of the milk 
the cellular sediment is found to be increased and to exceed 1 part per 1,000; by the 
Breed smear method the cells usually number more than one million per ml. ; micro- 
scopical examination of the centrifugal deposit reveals the presence of fairly long' 


TABLE 117 


Differential Reactions of Mastitis Streptococci (Modified from Seavtn NM8) 
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chained streptococci ; and cultivation of the centrifuged 
of streptococci which, on further examination, are found to belong t e 
mastitis groups (see Table 117). The most delicate test consists m th 
of the gravity cream or the centrifuged deposit, preferably m cp ? (( ra jlk 

taining icsculin and crystal violet (Edwards 1933). or er ’ c of sodium 
samples from the udders of each cow may be incubated » the P« 
azide and bromcresol purple as a preliminary mea Cunninebam et oi 

Sr. egalaCim (Edwards 1938). (See also Plastndge e rf. 1046, Cunning 
1946, Che 1919, McEiven and Cooper 1947, Slavic 1948.) anlJ 

Prevention and Treatment o! Mastitis— The early 0 . f dealing 

his colleagues led these workers to suggest a modified erad.eat.on pla 




Chapter 19 


THE ENTERIC BACILLI: THE SALMONELLA GROUP 1 


The first member of this large group was described in 1888 by Gartner, who 
isolated it from diseased beef responsible for an outbreak of gastro-enteritis, 
and named it Bacillus enteritidis. Similar bacteria have been found frequently 
in foods epidemiologically implicated in outbreaks of food poisoning, others 
are responsible for outbreaks of disease in rats, mice and other rodents, others 
are found in the paratyphoid fevers in man, and still others are responsible 
for certain poultry diseases. 1 These bacteria are parasitic and, although widely 
distributed in nature, do not maintain a saprophytic existence. 

Morphology and Staining. These bacilli are gram-negative rods closely 
resembling and indistinguishable from the coliform bacteria. They stain readily 
with the usual dyes such as methylene blue and carbol fuchsin. No particular 
arrangement of the cells is apparent on microscopic examination All species 
except S. pullorum and S. gollinaruvt are actively motile by means of 
peritrichous flagella. No capsules are apparent and spores are not formed. 

Physiology. The bacteria of this group have simple nutritional require- 
ments, growing readily on the usual nutrient media. In synthetic media an 
ammonium salt and glucose, pyruvate, lactate, etc. are adequate sources o 
nitrogen and carbon, and the great majority of strains do not require bacteria 
vitamins or amino acids. 2 The optimum temperature is 37° C. but growt 
occurs at a reasonable rate at room temperature. They are facultative anaero es, 
growing equally well under either aerobic or anaerobic conditions, and some 
species develop relatively strong reducing intensities. 

The group is characterized biochemically by failure to ferment actos ^, 
salicin, and inability to liquefy gelatin or produce indol. There are a 'ery ^ 
exceptions to the two last, S. eastbounte and some strains of S. ! . on 

S. panama produce indol, and S. dar-es-salaam liquefies gelatin 1 e e '° j c 
of gas commonly accompanies the fermentation of sugars though ana ^ (e j 
strains of S. enteritidis, S. typhi-murium and paratyphi C have een re j 

In the past considerable significance has been attached to t e ‘ ^ 

biochemical reactions of these bacilli and they have been separaj^^ has 
basis. In recent years, however, the antigenic structure or these t j,; s 

been emphasized and antigenic analysis has been carried xur crme nta- 

group than with any other bacteria The differential value o sug^ net erec- 
tions and other biochemical reactions remains of primary impor a unter ed 
less. The biochemical reactions of some of the more 

Salmonella species are given in the accompanying >able (p o/ 

1 For a comprehensive discussion of these bacteria see Kauffma 
the Salmonella Group. Munksgaard, Copenhagen 1941. 

2 Lederbcrg- Arch Biochem., 1947, 13:287 
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Jamieson and Stuart ( 1 M 0 ) described a small outbreak of mfidm enjorarfitu in 
ydung lambs unassociatcd with joint lesions anil apparently caused by Sir (tredit 

c ™ roo " 1 j7 0 “” 11 in inftcliom to™. Eateley and 

Battle (I WO) described flee sub-types of equ.no Group C streptococci, all of which ™ 
associated with respiratory catarrhs, wound infections and suppurative lesions in varim 
parts 1 of tho body. Their l>pe 1 appeared to bo the causal organism of sfronjies, a suppura 
fivo lesion of the upper respiratory tract, characterized by abscesses in the throat end 
BUumaxiHary region. In India, however, Unjagopnhn and Israil (1915) found Type 4 
most frequently. Bazclcy (1940) was able to immunize mice against infection! with 
Typo 1, using vaccines of heat-killed capsulated streptococci. 


Conjunctivitis.— One of the commonest causes of acute conjunctivitis is the 
Koch -Weeks bacillus or the closely related II. influenza (see Chapter 33; Davis 
and Pittman 1950). This disease appears to be widespread, occurs in epidemic 
form and shows a definite seasonal prevalence in different countries. It is common 
in Egypt, where the bacillus was first isolated by Koch. Another, less common, 
cause of conjunctivitis is the pneumococcus. This type of infection, which n 
more severe than tliafc due to the Koch- Weeks bacillus, is irregular in distribution, 
is confined chiefly to children, and may occur in localized epidemics. It is more 
common in Eastern than in Western countries. Subacute, or angular, conjunctivitis 
is due to the ftlorax-Axenfeld bacillus (see Chapter 34). Gonococcal conjunctivitis 
— ophthalmia neonatorum— is described in Chapter 05. Staph, aureus is associated 
with a mild inflammatory disease in infants known as “ sticky eye ” (see Taylor 
and Caiman 1918). (For a general account of the bacteriology of conjunctivitis 
see AxenfelA 4028.) 

Suppurative Lesions in Bones and Joints.— Acute osteomyelitis, occurring 
independently of a compound fracture, is almost always due to infection with 
Staph, aureus . It occurs mainly in children, in whom it not infrequently develops 
after a simple blow, or similar trauma. The infection is blood-borne. Acute 
suppurative periostitis is rare. When it occurs, it is usually a streptococcal 
infection. A subacute, or chronic, periostitis occasionally occurs as a sequel ot 
typhoid or paratyphoid fever, and is caused by the bacillus responsible for t e 
primary infection. Such abscesses occur most commonly over the ribs, or t c 
cranium. , . , 

A metastatic purulent arthritis may occur as a sequel to infection witn o f 
pyogenic bacterium ; though the pneumococcus is tho organism most, frequen y 
isolated in such cases. Other bacteria are rarely isolated from true suppura ti 
arthritis in man, except in those cases which follow wounds entering t 0 
In animals other bacteria are often responsible for this condition, as, for ms 3 ' 

Corynebaderium pyogenes and Erysipelothriz rhusiopalhim. 


Suppurative Lesions ot the Alimentary Tract. 

Appendicitis— The bacteriology of acute appendicitis, and of the ? S '°orcBis 
appendix abscesses, is very coniuscd. it is possible that the primary 
in tho wall of the appendix, and that it is due a , “ 00 ^ b0r “ “aft” c te.»l 
a streptococcus of the virMans typo (see Koscnow 1915). The c J 
flora of this part of the intestine ensures a rapid secoodarymvasionof thejan.^ _ 
tissue with a host of different bacteria, among which Bar i. « > V 
and the bacteriology of the lesion found at operation is corresponding y 
Vcillon anti Zubcr (1898), using a combination of aerobic anil anaerone » 
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Toxins. No soluble toxin is formed by the bacteria of the Salmonella 
group, but, as is the case of many other bacteria, their cell substance is toxic 
upon parenteral inoculation. This toxic quality of two species, S. cntcritidis 
and S. acrtrycke, has been investigated and found to be a property of contained 
glucolipids (p. 205 and p. 284) which have immunological individuality 
(somatic antigens) and hence arc, in a sense, specific. Pharmacologically, 
however, they arc not specific, and their activity does not differ to a marked 
degree from that of the cell substance of other bacteria. 3 

The Immunological Differentiation of SnlmoncIIa Bacilli. The 
techniques of antigenic analysis have been developed through the efforts of 
White 4 in the study of the Salmonella group, and the antigenic composition 
of bacteria of this group is, perhaps, better known than that of any other 





© . 

® © 


& 

Pig 71. Colonies of Salmonella typhimunum (acrtrycke') on nutrient agar. Twenty- 
four hour culture X 3. 

bacteria. Many members of the group are immunologically complex, whether 
because they arc innately so or because they arc better known in this respect 
than most other bacteria is difficult to say. 

flagellar and Soiwitic Antigens. Two types of antigens arc present in the 
bacteria of the Salmonella group, one associated with the cell substance and 
the other with the flagella. Early noted by Smith and Rcagli, 15 the first was 
termed somatic antigen and the second flagellar antigen. These types were 
later observed by Weil and Felix/* who designated them O and // antigens 
respectively (p. 301). The O antigens arc arbitrarily designated by Roman 
numerals. Two species of Salmonella, S. paratyphi C and S. ballerup, also 
contain Vj antigen (p, 451); this antigen is heat-stable and in tins and certain 
other respects appears to lie closely related to the O antigens 

These two types of antigen, each of which may be, and frequently is, rep- 
resented in a single bacterial strain by more than one component, differ from 

* See Cameron, Delaficld and Wilson ' Vi . 1940, 51.223. 

* White ,M«i. Res Council Spec R» 03, J926. 

s Smiili and Reagh. Jour. Med lies 
8 Wed and Felix, Ztschr f Immuni 


•»9 24. 
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m 43 cultures from the lymph node. He concluded that bile, by its inhibitory action in 
culture, prevents the detection of the streptococcus, which is the cause of the primary 
infection. These observations clearly suggest that Bad. coli may, in many cases, play the 
part of an important secondary invader, favoured by the selective action of the bile 
rather than that of a primary agent. Leon and Campuzano (1946) found bacteria in 
13 4 per cent, of biliary' samples from persons w ithout cholecystitis, and in 84 4 per cent, 
from those with cholecystitis. Tho percentage frequency of the most common bacteria 
were : enterococci, 43 7 ; coliform bacilli, 30 0 ; and Staph, aureus 27-1. 


Peritonitis.— Some cases of peritonitis are primary, for example, certain cas«s 
in children duo to infection with the pneumococcus ; but the great majority of 
cases are secondary to some primary intra-abdominal lesion, such as appendicitis, 
perforated gastric or duodenal ulcer, or some type of intestinal obstruction. The 
species of bacteria concerned in the primary invasion of the peritoneum depends 
in part on the nature of the primary lesion, in part on the flora of the section 
of the intestinal tract involved. In intestinal obstruction the bacteria from within 
the intestine tend to make their way through the intestinal wall, and to produce 
a mixed infection. In such cases, and in the later stages of any infection of the 
general peritoneal sac, other than those which are acutely fatal, the bacteriological 
picture is usually dominated by the colon bacillus. 

Fatal post-operative peritonitis is often due to infection with a hemolytic 
streptococcus, and a similar infection may occur as part of a septicemic infection 
Pelvic peritonitis, following salpingitis, is usually due to tho gonococcus. Other 
bacteria which may be found in the peritoneal exudate include Staph, albvs, 
bacilli of the Proteus group, and Ps. pyocyanea (see Dudgeon and Sargent 1905). 
In those cases in which free transit has occurred from the interior of some part of 
the lower intestine, anaerobes of the Fusiformis and Clostridium groups may be 
present. Cazzamali and Miglierina (1933), who examined 81 cases of acute peri- 
tonitis, found that aerobic organisms accounted for about two-thirds and anaerobic 
for about one-third of the total number isolated. In point of time the aero ic 
organisms preceded the anaerobic. Bad. coli seemed to be able to diffuse more 
rapidly through the peritoneal cavity than any other organism, though streptococci 
persisted for the longest time. In cases of perforated gastric or duodenal u cer no 
organisms could be detected for 6, or even 12 hours, but after this time the pen one 
cavity was always infected, the commonest organism being a non-hmmolyttc s ^ re P ® 
coccus. From a prognostic point of view, excluding infections with Sir. pyogen , 
the fewer organisms and the fewer species there are present, the more avoum 
is the outlook (see also Meleney et al. 1931). 


Suppurative Lesions of the Respiratory Tract. • u H ct 

Suppurative lesions of the accessory sinuses of the nose usually arise J JJL 
extension from tie nates or nasopharynx, and _ the bacteria m ' J al 
responsible are the potentially pathogemo constituents of the ^ 

flora — Str. pneumonia, Sir pyogenes, and H. influenza. A i Acut e 

quently isolated from eases of suppurative sinusitis is S ? • M ^ ia 
infection of the nasal sinuses with the cerebrospinal meninff* 

believed by some observers to play a part m the g 

(see Chapter 64). . . , t t : g media. The gr eat 

Under this heading, we may, for eonvemcnce^d t or ^ 

majority of oases in man are caused by Sir. pyogenes, o p 
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THE SALMONELLA TYPES (SPECIES) 


Immunologic Types 


Group 


Species 


Antigenic Formulae* 


Somatic Antigens 


Hagellar Antigens 


Phase 1 Phase 2 


S. paratyphi A 


(I), II, XII 


paratyphi B 
abony 

typhi-niurium 

Stanley 

heidelberg 

Chester 

san die go 

salinatis 

saint paul 

Zagreb 

reading 

koposvar 

koeln 

kaapslad 

derby 

essen 

budapcst 

California 

brandenburg 

bispcbjerg 

abortus equi 

arcchavalela 

abortus ovts 

altendorf 

tesas 

Stanleyville 

oahu 

abortus bovii 
brcdency 
scldeissheim 
schuarzengrutid 


paratyphi C 

cholerae-suis 

lyphi-suis 

thorn pson 

monlccideo 

oranicnburg 

virchow 

oslo 

atncrsjoort 

braenderup 

potsdam 

bareilly 

hartford 

mikawashinia 

tettnessee 

infaniis 

concord 


(I), IV, (V) 
(I), IV, V 
(I). IV, (V) 
IV, V 
IV, V 
IV, (V) 

IV, (V) 

IV 

I, IV, V 
IV, V 
IV 

IV, V 
IV, V 
IV 

(I), IV 
IV 
I, IV 
IV 
IV 
I, IV 
IV 

IV, (V) 

IV 

IV 

IV, V 
IV, V 
IV, V 

(I), IV, XXVII 
I, IV, (XXVII) 
IV, XXVII 
I, IV, XXVII 


VI, VII, (Vi) 
VI, VII 
VI, VII 
VI, VII 
VI, VII 
VI, VII 
VI, VII 
VI, VII 
VI, VII 
VI, VII 
VI, VII 
VI, VII 
VI, VII 
VI, VII 
VI, VII 
VI, VII 
VI, VII 


b 

b 

(0 

cl 

e, li 
e, h 

d, e, h 
e, h 
e, h 
e, h 

e, (h) 

e. *h 

f. g 

g. ™ 

g, * 

g, m, t 
I, v 


k 

U, Zjj 
I, V 

b 

l,v 
b, z» 
d 


(c) 

(c) 

(h) 

g, m, s 
m, t 


d 

c, h 
1, v 

y 

y 

y 


( 1 , 2 ) 
e, n, \ 
1,2,3 
1,2 
1,2,3 
e, n, t 
e, n, ztt 
d, e, n, zis 
1,2,3 
1,2 
1,5 
1,5 
1,2 
1,7 


e, n, zu 
e, n, x 
e, n, x 
1,7 
1,6 
1,7 

e, n, Zii 

1,2,3 
e, n, x 
1,7 


1,5 

1,5 

1,5 

1,5 


1,2,3 


e, n, zj» 
C. n, Zii 

1,5 


1,5 

1,2,3 


• Naturally 
account. 
Legend: ( ) 


occurring diagnostic formulae; experimental pha«e a 
— antigen may be absent; ( 1 — incomplete antigen 
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associated with a recto-vesical fistula. Cystitis is a not uncommon complication 
of gonorrhoea, and is then due to the gonococcus, atone or in association with other 
organisms Tuberculous cystitis or pyelonephritis, which is itself associated with 
pyima, is frequently complicated during its later stages by a secondary infection 
with Bad. coh, staphylococci, or other organisms. 

Infectious of the bladder and of the pelvis of the kidney provide another ilte- 
tration of the importance of local mechanical factors in promoting bacterial 
infection. Renal or vesical calculi, enlarged prostate, urethral stricture, vesical 
papilloma or carcinoma, are all conditions which, sooner or later, are associated 
with an infective cystitis. Staph, aureus is tho organism most commonly found 
in urinary calculi, both in tho stone itself, and in the adjacent tissues (HeHstiom 
1924, Winsbury- White 1935). 

Pyelonephritis is sometimos observed in cattle and is characterized by a 
membranous necrotic inflammation, which attacks principally the papilla? and leads 
to progressive destruction of the kidney ; there is an accompanying inflammation 
of the capsule, and often considerable fibrosis of the pelvis of the kidney, the 
ureter, and the bladder. The disease is produced by the Gram-positive diphtheroid 
bacillus C. icnale, alone or sometimes mixed with streptococci, cohform bacilli, 
C- pyogenes or other organisms (Glage 1928 , Jones and Little 1930). Though it 
commonly attacks adult and particularly female cattle, the bacillus may he acquired 
in early life, and is carried in the vagina (Weitz 1917) or urinary tract. It appears 
to have a predilection for the medulla of the kidney, but it is not clear whether 
infection reaches the tissue via the blood stream or as an ascending infection from 
the urinary tract (Lovell 1951). The disease should be regarded as contagion 
(Morse 1950) Prolonged treatment with penicillin appears to offer the best hope 
of a cure (Lovell and Cotchin 1947, Lovell 1951). 


Infection of Wounds 

Bacterial infection is a common sequel to wounding. All wounds, from trivia 
cuts to the extensive areas of destruction that follow burning, are liable to infection, 
though in general the larger and deeper the wound and the more damaged an 
“ devitalized ” the wounded tissues, the greater is the susceptibility to infection. 
The risk of infection to a clean operation wound, closed so as to heal by first m n 
tion, is relatively small ; and that of an extensive compound fracture, with crus ng 
or laceration of the tissues, is high. Few organisms are introduced into a c wn 
operation wound, and after operation the wound can be adequately pro ec 
against subsequent infection. The same is true of the “ physiologica won ^ 
in the genital tract of the post-parturient woman ; sepsis does not eve , 
precautions are taken against the introduction of bacteria during an a e * ^ 
The accidental wound, whether inflicted in civil life or in war, differs m 
tissues are usually more damaged, and in the greater likcuhoo ^ 

will be contaminated by bacteria present in the environment of e wou ^ 
time of infliction. The bacteria include those from the skin an ? , U 0D 

wounded person, and those from the soil, dust, dirt and ot er e n cota . 
or arc driven by force into the wound. Infection in these y oan wo0 nds. 

moner and has been studied more extensively than has in ec J ^n our c on- 

There is, however, no essential distinction between the wo * body* 

elusions will apply with varying force to infection of a °P en tie bacteria 

It will be convenient to make an arbitrary distinction between 
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THE SALMONELLA TYPES (SPECIES)-Cp«/riW 



Antigenic Formulae* 








Flagellar Antigens 










Group 

Species 


Phase I 

Phase 2 


5. georgiu 

\I,\II 

b 

e, n. z,» 


S papuana 

VI,. VI,. \ II 

r 

e, n. zu 

C-l 

S richmond 

VI, \ II 

l 

1.2, 5 

S cardifi 

VI, VII 

1, 10 


S- daylona 

\ I, VII 

L 

1.6 


S mission 

VI, VII 

<1 

1,5 


i> Singapore 

VI. VII 

L 

e. n, x 


S nr*. port 

VI, VIII 

(e, h) 

1,2,3 


S kotlbus 

\I, Mil 

e, h 

1, 5 


A ituimchcn 

VI, Mil 

d 

1, 2 


6 mexicatta 

VI, VIII 

d 

1.2,4 


5 puerts 

VI, Mil 

e, h 

1. 2 


S Oregon 

VI, VIII 

d 

1.2,5 


S manhatlan 

VI, VIll 

d 

1,5 


S lllch field 

VI. Mil 

1.' 

1.2,5 


5 morbijieans botis 

VI, Mil 

1,5 

C-2 

„S nanishnio 

M, \ 111 

a 

e, n, \ 

S. bonanenus 

VI, \ III 


e, n. \ 


$ glostrnp 
$ dursuldcrf 

M, \ III 

M, Mil 


e, n, z,» 


S tailahassce 

M. Mil 




A. galttni 

VI, VIII 

b 

e. n, \ 


A hidalgo 

VI, VIII 

r 

e, n, zu 


A i-o-jimo 

VI, VIII 


L 5 


5 amhent 

(VIII) 

1, ' 

1.6 


5- Virginia 

(VIII) 

d 



S Is phi 

IX, (,.) 

d 



A enterthdis 

(I>. IX 




S duhhn 

I, IX 




A roiloct 

I. IX 




A. mosaic 

IX 




A llegdam 

IX 




S ter la 

IX 




A" pemaeola 

IX 




A tlaibi'me 

I. IX 

fc 

1,5 


S. sir dot 

(I). IX 

a 

1. 5 


A Ionia Itr.da 

IX . 

a 

e. n, x 


A. durlsw 

IX ■ 


r n. Z,i 

I> 

A onannen 

I. IX V XII 

b 

1. 2 


A raslboii me 

Mt.ix i 


1. 5 


S. panaira 

LIX 

1, \ 

1. 5 


A dar-es salaam 

I. IX 

1. « 

c. n 

.S (oetllngrn 

IX 

1.x 


1 > 

(It. IX 


1. 5 

j ,S g llh fwm m 

IX 



1 .S psdl-'riim 

IX 



1 .S cats a: Id 

IX 


1.3,5 

| ■> l.'j/lJHJ 

IX 

1.x 

1. 11 


(I). IX 


f, n, i 

>.S fi«~. x.rl 

IX 

I. X 

1.5 


IX ’ 

* 

1.5 
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infecting and carrier strains through a community, led to the elucidation of stanWo. 
coccal epidemics other than those among wounds, Newly-born infants are free 
from SlapL aureus, hut, in hospitals at least, their noses are colonized within a 
lew days, and up to 96 per cent, may lie carriers by the second week of life ■ the 
carrier rate is lower in infants at home, and it is only in the D-15 year age group 
that it approaches that in adults (CunlifTc 1919 ; see also Rountree and Barbour 
1950, Hallmark and Laurcll 1952, Laurcll and Hallmark 1953, Ludlam 1953) 
The higher carrier rate in hospital holds also for adults ; the frequency is higher 
111 the wards than in out-patient clinics, or in the outside world— evidence of 
greater staphylococcal hazard, which is strengthened by the observation that 
some incomers to wards acquire types of staphylococci carried by the hospital 
population (Miles el al. 1944, Barber el al. 1949, Rountree and Barbour 1951) In 
home surveys, no particular type is associated with carriage or infection {Williams 
1 946, Wallniark and Laurell 1 952). However, Barber and her colleagues (1949), and 
subsequent workers, using penicillin-resistance as well as the phage type as a means 
of identification, found that one or a few phage types predominated among hospital 
populations infected with resistant cocci. There is, however, little to suggest that 
these predominating types have a peculiar infectivity for man 

3t is evident from investigations of maternal mastitis, and of pemphigus and con- 
junctivitis m the newly bom infant (Elliott et al . 1941, Allison and Hobbs 1947, Bather 
et al. 1949, Farker and Kennedy 1949, Denton et al. 1950, Oeding 1952), and of sycosis 
barbsc (Hobbs et al. 1947), that the method of spread varies : it may be directly from 
infant to infant, or via mother and nurses ; nasal colonization and the staphylococcal 
infection may increase concurrently or separately ; and the nose may be infected from the 
lesion or the lesion from the nose. Attempts to check such outbreaks must obvious!) 
be designed to meet all the possibilities of spread beta ecn these various sites. Self infection, 
as well as cross-infection, is probably common. A relation between intractable fimrn 
culosis and persistent nasal carriage was suggested by Dolman in 1935 ; and Valentine 
and Hall-Smith (1952) record cases of furunculosis and sycosis barbcc where not only was 
the same typo of coccus present in the nose and the infected lesions, but successful treat- 
ment included measures to prevent further self-infection from the nose. 

Epidemic outbreaks are associated with hospitals probably because of the ease wit 
which the environment becomes heavily charged with Staph, aureus ; but they are 
confined to hospitals. In a family of 7 children, Harrison (1948) foul’d the same p S® 
type of coccus in two with acute suppurative arthritis, one with acute osteomjehtis an 
in the nasal mucosa of two others. 


Treatment of Pyogenic Infections 

Surgical. — Although the discussion of surgical methods of treatment 
us beyond our proper ground, it i3 permissible to point out that genera , a ® 
logical principles indicate the paramount importance of judicious surgica in 
ence in those acute suppurative infections which are accessible to sue roe ' « 

The removal, or adequate drainage, of a localized focus of infec ton w? 
enable the defence mechanisms of the body to deal satisfactorily with the tern g 
bacteria. We have emphasized above the importance of mec am 
many cases of acute or chronic pyogenic infections ; and the rec i 

abnormalities by surgical means frequently results m a bacterioogi * p #|pV 

many substances, enzymic and otherwise, that have been Rofe t be 

necrotic, viscous or purulent material from infected ’ Jj a deoxy 

modern use of two enzymes from Sir pyogenes itself— a fibrin 1)- 
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THE SALMONELLA TYPES (SPECIES )— Continued 

I Antigenic Formulae* 


Immunologic Types 


Group 


S. Ionian (L II) 

5. give 
S. Uganda 
S. anatum 
S. muenster 
S. nyborg 
S. vcjk ✓ 

S. maleagridis*' 
S. shangani 
S. Zanzibar 
S. a»icg«r 
S lextngton 
S. veltevrcden 
S anon 
S. biilanlatt 
S. saipan 


Somatic Antigens 


III, X, XXVI 
III, X, XXVI 
III X, XXVI 
III, X, XXVI 
III, X, XXVI 
[III, X, XXVI] 
III, X, XXVI 
[III, X, XXVI] 
III, X, XXVI 
[III, x, XXVI] 
III, X, XXVI 
[III, X, XXVI] 
III, x, XXVI 
III, X, XXVI 
III, X, XXVI 
III, x, XXVI 


5. newington 
S. sclattdta 
S. new brunsuick 
S. Illinois 
S. Cambridge 


III, XV 
III, XV 
III, XV 

[111), [XVI, XXXIV 
III, XV 


6' senftenberg 
S. mlocse 
S. simsbury 
S. taksony 


I, III, XIX 
I, III, XIX 
I, III, XIX . 
I, III, XIX 


6'. heics 
S. carrau 
S. onderstepoort 
S. florid a 
S. madclta 
S sutidsiall 
S. kentucky 
S aberdeen 
S rtibtslav 
S pretorta 
S solt 
S. luctana 
S. lenezia 
S. Senegal 
S. marseitte 
S. chandans 
S. grumpensis 
S poona 
S borbeck 
S Mississippi 
S. wtchita 
S. katana 
S. worlhington 
S. cubano 
■ S erKittalu 
i A hull mg f oss 


VI, XIV, XXIV 
VI, XIV, XXIV 
(I), VI, XIV, xxv 
I VI, XIV, xxv 
[I|, VI, XIV, XXV 

(I), VI, xiv, xx\ 
[vim, xx 

XI 

XI 

XI 

XI 

XI 

XI 

XI 

XI 

XI 

XIII, XXII 
XIII, XXII 
XIII, XXII 
I, XIII, XXIII 
I, XIII, XXIII 
I, XIII, XXIII 
I, XIII, XXIII 
I, XIII, XXIII 
XVI 
XVI 


Flagellar Antigens 


Phase 1 

Phase 2 

I, V 

1,6 

1, V 

1,7 

1, Z,s 

1,5 


1,6 

e, h 

1,5 

e, h 

1,7 

e, h 

1,2,3 


i.w 

d 

• 1,5 

k 

1,5 


1,2,3 

Z\D 

1, 5 


Zt 

l 

Zl 

1,5 

1.5 

1.6 


1,6 


1,7 

1, V 

1,7 



e, h 

J,w 

g,s. t 


d 


Zjl 

i 

z« 

d 

1,5 

y 

e, [hi 
d 

1,5 

1,7 

y 

e, n, x 

i 

Zl 

1,2,5 

r 

k 

e, n, x 
1,2,3 

1,5 

y 

e, n, Zi» 



1 

1, 5 


1,5 


d 


d 


z 

1 6 

J,v 


b 


d 

f, g 

t 

z» 

e, n,z» 

h 
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n given drug, is a consequence of antibiotic therapy that must alarm fc hme 
m mind. There arc on record a number of ward epidemics of streptococcal infection 
of burns and wounds caused by a drag-fast .strain of Sir. pyogenes (see CMetiook 
et nt. 1944) ; but, though there was in each case ample opportunity For the thera- 
peutic induction of drug-fastness in the epidemic strain, no proof that it lad become 
drug-fast under these conditions was in fact forthcoming. (See also Damrojch 
1(MG, Hartman and Weinstein 1948). 

The changing fortunes of Staph, aureus during recent years provides an instructive 

example. 


In 1044 Spink and Yivino noted in the U.S.A. an increasing frequency of Bulphoimmide 
resistant cocci ; and a number of observers recorded the replacement of penicillin-sensitive 
by penicillin-resistant staphylococci in war w ounds (Roy and Greenberg 1045, North del 
I04G, Harley et af. 1046). North and Christie (1945) found in one hospital where penicillin 
was being used a higher proportion of penicillin-resistant cocci than in a hospital where 
it was not. Among Staph, aureus isolated in certain hospital communities. Barber (1947, 
Ilarbcr and Whitehead 1949) records that 14 per cent, were resistant in 1940, 31 percent 
in 1947 and no fewer than 37 per cent in 1948. Similar increases were observed in other 
countries, associated with the introduction of the general use of antibiotics— particularly 
with penicillin, but to some extent with streptomycin and the broad -spectrum antibiotics. 
The high frequencies of resistant cocci are associated with hospital wards (as compared with 
out-patient clinics and out-of-hospital communities) ; w ith the use of antibiotics ta tto 
wards ; and with the length of stay of patients and staff in hospital. Moreover, resistant 
strains arc found both in healthy camera and infective lesions. The process is apparently 
a W’ceding-out of penicillin-sensitive strains by the antibiotic, leaving the resistant stra®, 
which are penicillinase-producers, in possession of tho field. There is no good evidence 
of induction of resistance. In a number of the surveys, the resistant strains that remain 
are restricted to n relatively smnll number of phage types (Barber et ah 1949, Rountree 
and Thomson 1949, Boc and Vogelsang 1949, 1951, Forbes 1949, Biegelman and 
1950, Cairns and Summers JD50, Rountree and Barbour 1950, 1951, Erlanson 19a > 
Klwood 1931, Low bury el al. 1932, Clarke et al 1952, Vogelsang and Boe 1952, M®* 
1953, Finland and Haight 1953, Forfar et al. 1933, Spink 1954). 


The use of an antibiotic lias clearly produced communities in which resists^ 
forms prevail among healthy carriers and among infected patients, inespec tw 
individual treatment with the antibiotic. The existence of two or more anti low 
that attack the bacterium without induciug mutual cross-resistance is per a P s 
best safeguard against the dangers of such a situation. 

•--*» - .i:. relatively infrequent, result of antibiotic therapy 

irons 1 ! 

oli. f* 

infections were transformed into infections with tut peiucmm tv-tu'cilto 

’ r» J~.«. Tbn RUimression of mouth bacteria by onupe^ ^ 


flora in the infected tissue. But, as Uarrotl pumw - -•> .i e in tecuPS 

fact there is an initial equilibrium maintained by natural antibiosis* „ g „s when 
strains ; the antibiotic might he st.mnlat.ng the gimvth of the "e.rinfc«iw ^ w ,l 
Pa. pjocyanea infection of tho urinary tract appears mendoca P o»J 

penicillin (sec also Stanley 1947). The “ replacement or neirtj infMW” 

he very severe. Finland and his colleagues drey attention P ^ lB rt 

of this land: staphylococcal pneumonia rtplacmg pueumoooe . 
infections, “ staphylococcal dysentery." and « staphylococcal scarlet fever 
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THE SALMONELLA TYPES (SPECIES) -CW/«*i/ 


Immunologic Types 

Vnligenic formulae* 

Somatic Vntigens 

f lagcllar 

Vnligens 

a™,. 

Species 

Phase 1 

| I’lia«c 2 


6 gam inara 

X\ I 

(1 

1, ‘ 


5 ssenlrs 

\\ I 

k 

!, 2, 3 


S ktrlec 

X\I1 

h 

1.2 


5 ccrro 

XVIII 

Z, Zn. Z» 



S mem phis 

XV 111 

k 

1,5 


S. miuncsola 

XXI, xxv I 


e, n, s 



XXV III 


e, n, in 

V (Cent.) 

S. pomona 

XXVIII 

> 

l. 7 


5 hormatcht 

XXIX l\i) 

Z,l>, (Zll) 



S hallrnip 

XXIX, (Vi) 

Zn 




XXX 

l» 

e, n, x 


S adclaide 

XXXV 

h K 




XXXV 

m, 1 




XXXV III 

k 

1,6 


S. champaign 

XXXIX 

k 

1,5 


S’ ttii>crtus 


*«. *3 



one another in several respects The flagellar antigen is the more unstable 
and is destroyed by boiling and by exposure to alcohol or weak acid, somatic 
antigen, on the other hand, is stable to boiling, alcohol and acid. Cultures on 
phenol agar (0 1 per cent) of bacteria normally containing both 11 and O 
antigens are found to contain only O antigens, the formation of flagellar anti 
gen having been suppressed. H antigen reappears immediately on cultivation 
on nutrient agar. In the agglutination reaction, bacteria lacking flagellar 
antigen arc characteristically clumped in a finely granular precipitate (O ag- 
glutination), while bacteria containing flagellar antigen are agglutinated in. a 
coarse, flocculcnt precipitate (// agglutination). 

The H and O agglutination titer of an antiserum may be determined bv 
the use of II and O antigens in the agglutination test. // antigen is common!} 
prepared by adding an equal volume of formol (Ob per cent formalin) saline 
to an eighteen to tvvent) four-hour broth culture. In the preparation of 
somatic antigen the flagellar component is destroyed by treatment vvith'alcolml, 
the growth from an eighteen- to twenty four hour agar slant culture is emul 
•abed in 1 to 2 ml. of absolute alcohol, healed at 60° C. for one hour, cen 
trifuged and the sediment suspended in 0.5 to 1 ml. saline. It mn lx.* used 
for slide agglutination or appropriately diluted for macroscopic agglutinin 
titrations. 

Ihese two tv pcs of antigen are immunological!)’ independent, and the 
immunization of an animal with a microorganism containing both results 
m the pnxluction of antibodies to both. There is, however, a marked differ- 
ence in titer, for the O umibndv titer is gcncrallv much lower than that of 
the // antiUxly; in the writers laboratory antisera hav ing / 1 titers of 1 . 20.000 
to 1 50,000 hav e show n O ti ten of 1 . 2000 or less 
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AntLSoariatinal (antitoxic) and the ordinary type of antistaptococcal 
eerum, which have already been described in relation to the treatment of sea* 
fever and puerperal sepsis (Chapter 66), have on the whole given disappoint;,,, 
results in cases of septicemia. 1 ' 


Active Immunization. — Examination of the blood serum of man and amuri 
has shown the presence in small amounts of natural antitoxin to staphylococci (<ce 
Bryce and Burnet 1932, Parish, O’Meara, and Clark 1931, Murray 1935, Nelrs and 
Poncclct 1935, Gernez and Pannequin 1937, Weiss 1939). In normal human adults 
and new-born babies the antitoxin titre expressed in terms of international unit- 
is generally about 0*2 5-0*75 unit per ml. In patients suffering from superficial 
staphylococcal infections such as acnc, blepharitis, furunculosis, and sycosis, the 
average titre is very slightly higher or practically unaltered. In cases of car- 
buncles the titre is often slightly raised, and in cases of chronic osteomyelitis it 
is generally high, though not always so (see Blair and Hallman 1935-36), and may 
reach 15 units or more per ml. Experimentally and clinically it has been found 
that treatment of animals and patients suffering from chronic staphylococcal in- 
fections with formolized toxin— toxoid— but not with staphylococcal vaccines, h 
often followed by a rise in the antitoxin titre and considerable improvement in tie 
local condition ; though thcro seems to be no definite relationship between the 
absolute titre attained and the retrogression of the infection. The preparation ol 
the toxoid requires care, and strict precautions must be taken to ensure its innocuity 
and its antigenic potency (Dolman and Hitching 1935, 1936, Smith 1936, 1937, 
Farrell 1941). The dosage recommended by different "workers varies somewhat. 
Dolman (1933, 1935) starts with a dose of 0-05 ml., increases by 0-05 ml. weekly, 
till at the eighth injection 0-5 ml. is given. If a second course of injections is 
needed, it is probably wise to rest the patient for a month or two. There sewn* 
to be fairly general agreement now that toxoid is of considerably more value than 
vaccines of whole staphylococci. Furunculosis and staphylococcal skin lesions 
appear to be particularly benefited by toxoid treatment. The results have been 
disappointing in chronic osteomyelitis (Blair and Hallman 1936, Buchman 193T}. 
In cases of acne, staphylococcal toxoid may well be combined with a vaccine o 
C. acnes. (For reports oil treatment with toxoid see Dolman 1933, 1935, Dolman 
and Hitching 1935, Connor and McKic 1934, Parish, O’Meara, and CUtk 1 > 
Murray 1935, Whitby 1936, Merrier 1937, Ramon ct al. 1946, Bocage el al 1M, 
MacDonald and Taylor 1951 ) . . _ 

Vaccines of Bad. colt and of Proteus vulgaris arc sometimes of use in win ) 
infections. For further discussion of the value of vaccine treatment the rea er 
referred to the monograph by Dudgeon (1927). 
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THE SALMONELLA TYPES (SPECIES)— Cmlmuci 


Immunologic Types 


Group 


Species 


Antigenic formulae* 


Somatic Antigens 


flagellar Antigens 


Phase V 


S. fond on (L II) 

S give 
S. Uganda 
S. anal urn 
S. muensler 
S. nyborg 
S. vcjfo y* 
S. maleagridis 
S. shangani 
S. Zanzibar 
S. amoger 
S. lextngion 
S. vettevreden 
S. orton 

S. bulanlan 
S. saipan 


S. narington 
S. scfondta 
S new brunsidek 
S. Illinois 
S. Cambridge 


S scuftc nber g 
S niloese 
S. Simsbury 
.S toft sony 


6’ hexes 
S. carrau 
S onderstepoort 
S jlortda 
S madtha 
S sutidsiall 
S kenlucky 
S aberdecn 
S. rubtslav 
S. Pretoria 
S soil 
S liictana 
S. t enezia 
S. Senegal 
S marsetlle 
S ebandans 
S. grumpeusis 
S. poona 
S borbeck 
S Mississippi 
S. wichita 
S. hatana 
S. Worthington 
S. ettbana 
S onentalis 
S. hutting f oss 


III, X, XXVI 
III, X, XXVI 
III.X, XXVI 
III, X, XXVI 
III.X, XXVI 
(III.X, XXVI) 
III, x, XXVI 
(III, X, XXVI) 
III.X, XXVI 
[III.X, XXVI) 
111, X, XXVI 
(III, X, XXVI) 
III, X, XXVI 
III.X, XXVI 
III, X, XXVI 
III.X, XXVI 


1, V 
1, V 
1, Z|» 
e, h 
e, h 
e, h 
e, h 
e, h 
d 
k 

y 

Zio 


III, XV 
III, XV 
III, XV 

[III], [XVI, XXXIV 
III, XV 


e, h 
e, h 
1, v 


I, III, XIX 
I, III, XIX 
I, III, XIX . 
I, III, XIX 




VI, XIV, XXIV 
VI, XIV, XXIV 
in, vi, XIV, XXV 
[II, VI, XIV, XXV 
[I], VI, XIV, XXV 
I VI, XIV, XXV 

iviin, xx 

XI 

XI 

XI 

XI 

XI 

XI 

XI 

XI 

XI 

XIII, XXII 
XIII, XXII 
XIII, XXII 
i, xni, XXIII 
I, XIII, XXIII 
I XIII, XXIII 
I XIII, XXIII 
I, XIII, XXIII 
XVI 
XVI 


e, (hi 
A 

y 


b 

A 

I, g 


1,6 
1, 7 

1.5 

1.6 

1,5 

1.7 

1,2,3 

1," 

• 1,5 
1,5 
1,2,3 
1,5 
u 
1,5 

1.5 

1.6 

1,6 

1.7 
1,7 
1,5 
l,w 


1.5 

1.7 

1. 5 

1. 7 

1.7 
e, n, x 

Z6 

1,2,3 

e,n,* 

1,2,3 

1.5 

e, n, z<« 
e, n, x 
1,5 

1.5 

e,n, v 
1,7 

1. 6 

1.6 

1,5 
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Tin: S\LMONTI.I„\ TM'rs (SPPCinS) —Concluded 


Vntigcnic I ormul.ic* 


Immunologic Tjpes 



Simadc Antigens 

I lagclhr 

\ntigens 

(■roup 

Species 

I’ha«e I 

1 Phase 2 


5 {dmiKtini 

| XU 

<1 

1 I, "» 


.V szrttlfs 





,S. Lirlce 

\\ II 

l> 

1, 2 


S (fffQ 

XUIJ 

z«, zn 



S mtmphts 

X\lll 

t, S 



XXI. XX\ I 

b 

e, n, \ 



XXUII 


e, n, zn 

r (Cunt ) 


XXUII 


1, 7 



XXIX <\|> 




S. lallrrnp 

XXIX, (Vi) 

XXX 

*1. 

b 

e, n, i 



xxx\ 

f, K 




xxx\ 

m, t 




XXXUII 

k 

1,6 


S champaign 

XXXIX 

k 

1,5 


S uii\cross 


zi. z„ 



one another m sc\cral respects. The flagellar antigen is the more unstable 
and is destroyed by boiling and by exposure to alcohol or weak acid, somatic 
antigen, on the other hand, is stable to boiling, alcohol and acid. Cultures on 
phenol agar (0.1 per cent) of bacteria normally containing both H and O 
antigens arc found to contain only O antigens, the formation of flagellar anti- 
gen having been suppressed, H antigen reappears immediately on cultivation 
on nutrient agar. In the agglutination reaction, bacteria lacking flagellar 
antigen are characteristically clumped in a finely granular precipitate (O ag- 
glutination), while bacteria containing flagellar antigen arc agglutinated in a 
coarse, flocculent precipitate (Jf agglutination). 

The H and O agglutination titer of an antiserum may be determined by 
the use of H and O antigens in the agglutination test. H antigen is commonly 
prepared by adding an equal volume of formol (0.6 per cent formalin) saline 
to an eighteen- to twenty-four-hour broth culture. In the preparation of 
somatic antigen the flagellar component is destroyed by treatment with'alcohol; 
the growth from an eighteen- to twenty four-hour agar slant culture is emul- 
sified in 1 to 2 ml- of absolute alcohol, heated at 60° C for one hour, cen- 
trifuged and the sediment suspended in 0 5 to 1 ml. saline. It may be used 
for slide agglutination or appropriately diluted for macroscopic agglutinin 
titrations. 

These two types of antigen are immunologically independent, and the 
immunization of an animal with a microorganism containing both results 
in the production of antibodies to both There is, however, a marked differ- 
ence in titer, for the O antibody titer is generally much lower than that of 
the H antibody, In the writer's laboratory antisera having H titers of 1 . 20,000 
to 1 : 50,000 hare shown O titers of 1 • 2000 or less. 
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specific AND non-specific flacellar antigens. The flagellar antigen is, in 
turn, of dual nature. One kind, designated as specif c flagellar antigen, is in 
dividualistic and contributes in no small part to the immunological identih 
of a given Salmonella species. The other, termed non-specific flagellar antigen, 
is made up of a limited number of components which are frequently shared 
by the various Salmonellas and hence contribute to the immunological relation- 
ship between the species of these bacteria. The specific flagellar antigens are 
arbitrarily designated by lower case letters (the choice was unfortunate since 
the more recently discovered antigens are designated z lf z 2 , z 3 , etc.), and the 
non-specific ones by Arabic numerals. 

The antibodies to these antigens behave independently; in the presence of 
homologous H and O antibodies heated antigen agglutinates in the character- 
istic fine granular form, while with unheated bacilli coarse flocculation occurs, 
mixed, within the range of the O antibody titer, with the granular clumps. 
The antibodies may be selectively absorbed by appropriate antigens, and suclt 
absorbed sera arc sometimes designated mono-spectfic sera. By the absorption 
technique using homologous, heterologous or treated antigens, the antigenic 
components of the bacterial cell may be determined, and through mampula 
tions of this kind, termed antigenic analysis (p. 300), White,"* Kauffmann 1 
and Others have elucidated the complex antigenic structure and interrelation- 
ships of the bacteria of the Salmonella group. 

Antigenic Formulae. By identifying these antigenic components it becomes 
possible to write a formula that describes the immunological character of a 
given species or strain. Such formulae for antigenic structures are commonl) 
used and are illustrated m the accompanying table. 

Classification. While the bacteria given the common generic name 
Salmonella are obviously closely related to the other members of the enteric 
group, the interrelationships of the varieties or types of these bacilli to one 
another is not altogether clear As indicated above, prior to the emphasis upon 
immunological character which has been marked since the 1920 s, actern 
of this group were separated from one another on the basis of physio ogica 
characters In the more commonly occurring varieties, at least, there is 
marked association between biochemical properties and immunologies c 
stitution. It would seem neither justified nor desirable to subordinate c 
pletely the physiology of these bacteria to their antigenic character- ^ 

However this may be, the extent to which antigenic composition s to ^ 
allowed to determine Salmonella species is open to qiestion. t ^ 

customary to consider a new immunologic type as a n* w species, an ^ 

these were given place names. As a consequence a great nl,m r 0 an£ ) 
have been described and continue to be, at the rate of set era c \ ei ? ^vioiidy 
at the present time the situation has become absurd. Simplification i 
essential, but what form it will take is as yet not clear Salmon^ 3 

Variation. Possibly because the antigenic structure o ^ {lon in1 y be 
group is known in considerable detail, two general types o revC rsiblc 

differentiated. One of these is a type of fluctuating, compe^ ^ Ju- 
immunological variation known as phase variation, and the 
sociation known to occur in practically all bacteria 

7 Cf- Kauffmann Ztschr. f. Hyg u. Infektionskr., 1937, 120 1/7. 
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i I ^nt h i“™!rir«‘ rf -! , i hcr i ' ro ' i,,ced ° niy .“ **** “'«•«»» ■» wood , 


were usually classed as Str. viridana, 
were also isolated, 


r were non-hccmolytic. A few haemolytic* strains 

Lesion, resembling those in rheumatic infection of man hare been pnrimwi in ratta 
by intravenous inoculation of these various streptococci. They include endwirditii, non. 
suppurative myocarditis and arthritis of all degrees of severity, sometimes associated 
with extensive, secondary bony changes (Boynton and Paine WOO, 1013, Cole 19 01 WicHei 
100S, Bracht and Wackier 1000. Coombs el of. 1912, Jackson 1912, Rosenoiv 1911 T* 
and \Veir 1021, Birkhaug 1027, Small 1027, Gross el al. 1929, Clawson I9J0, Mm 
and Stewart 1031). But although the analogy between experimental rheumatism n 
the rabbit and the natural infection in man is close, it is not exact. This applies pai 
ticularly to the myocardial lesions. Aschoff (1004) described in detail charactemtit 
nodular collections of cells in rheumatic myocarditis, and his observations have ten 
fully confirmed by later workers (Ccipo! 1905, 1009, Fraeokel 1912). In spite of a certus 
resemblance between some of the myocardial lesions in rabbits and the typical Axbsl 
nodule (Coombs et al. 1012, Jackson 1012), it is very doubtful whether the rabbit lesions 
can bo regarded as pathognomonic (IVachter 190S, Bracht and IVachter 1», Topty 
and Weir 1921, Grow d al. 1929). 

However closely experimental streptococcal infection in tip rabbit simulates scats 
rheumatism in man, it is quite certain that the ability to produce these lesions on intra 
venous inoculation cannot bo regarded ns evidenco that a particular variety of strepto- 
coccus is rctiologically related to the human disease ; for many of the streptococcal strains 
w hicli have produced the most Characteristic lesions in the rabbit were derived from 
sources quite unconnected with rheumatic infection, and some of them were actively 
hremolytic (Colo 1904, Jackson 1912, Topley and Weir 1921). It is clear that experimental 
rheumatism in tho rabbit is a characteristic reaction of that animal species to the mtra 
venous inoculation of a variety of different streptococci. 

To summarize : it is seldom possible to cultivate any bacteria from the M 
lesions during life ; blood cultures remain sterile in a large proportion of cases durvag 
the febrile stage of the diseaso ; but, in either case, when any bacterium hash#® 
isolated, it has almost invariably been a streptococcus ; cultures obtained at autopsy 
have, as would bo expected, given gtowth in a higher proportion of cases, t&3«g 
by no means in all, and here again a streptococcus has been the piedonuaatiDo 
organism j and, though inoculation of experimental animals with streptococci os J 
incite lesions simulating those of rheumatic infection, the variety of inciting su P 
cocci is too great to permit conclusions about a single agent in the human t*® ^ 

Before leaving the problem of the possible relation of these heterogeneous s 
of streptococci to rheumatic diseases it should be noted that many observe** 
suggested the possibility that some forms of rheumatism, at least, are a * 
manifestations. This view was, for instance, developed by Zinsser and 
and receives some support from the relative frequency of allergic ® ' ,t | 
to killed cultures of streptococci of various types (see, for instance, ** » 
and Todd 1929). flC ,. 

Hypersensitive ness to the antigens of various streptococci is ®| so mM*** 

rheumatic subjects (Derick and Fulton 1931). Hon ever, when products oto-J^ ^ 
arc used for the tests, as many observers have recorded, rheumatic suj Cibsoit, 

more frequently sensitive than non-rheumatic subjects (see Green I- ( 0 extract 
Thomson and Stewart (1933) recorded a higher proportion of skin reac ^ 


haemolytic streptococci among 140 rheumatic cases than amori', - - - - trjcts 0 l a»“ 

was no significant difference between the skin reactions of these 8 ro P nly I6f f 

On the other hand tho Dick reaction w as positive mo 
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Phase Variation The H antigens of certain Salmonella tv pes can be sep- 
arated into relatively stable components This was first demonstrated by An- 
drewes 8 and may be shown \ery simply by plating out such a type and carrying 
out slide agglutination of individual colonies with monospecific antiserum. 
About half the colonies will be found to contain one kind of antigen and 
about half the other Apparently the individual bacterial cells do not contain 
both kinds of H antigen but are of two kinds in this respect 9 This im- 
munologic character breeds true to only a limited extent, for if a colony is 
picked and subcultured in broth, platings of successive broth cultures will show 
a rapid reversion to the 50 50 ratio within a \ery few transfers. This type 
of immunological variation is called phase variation and the transitory im- 
munological types were originally called the specific phase, i e., that charac- 
terized by the presence of specific flagellar antigens, and the non-specific phase, 
i.c., that in which the nonspecific antigens occurred This division is not as 
sharp as once thought, however, and now these phases are commonly referred 
to as phase 1 and phase 2 respectively 

The Salmonella types that exist in two immunological phases are termed 
diphasic, while those that exist in only one phase, which may be either phase 
l or phase 2, are called monophasic There is reason to behc\c that the mono- 
phasic types are potentially diphasic, and possibly they are degenerated diphasic 
forms, for it has been shown that S paroUphi A, a monophasic type stable 
in phase 1, can be induced to form phase 2 antigens by cultivation in anti- 
serum specific to the phase 1 antigens Conversely, diphasic types can be 
stabilized in one phase by cultivation in the presence of antiserum to the 
antigens of the other phase By this means Salmonella “species" may be trans- 
formed, Edwards, Moran and Bruner, 10 for example, have so transformed S 
Simsbury into S senftenberff Furthermore, “new" species may be created 
from monophasic types by suppression of flagellar antigen through cultivation 
in the presence of monospecific antiserum, with the appearance of a hitherto 
unknown flagellar phase Such an induced antigen in S. minnesota was later 
found to occur naturally 11 Phase \anation does not occur, of course, m S. 
pttllornm which is non motile and contains no flagellar antigen. 

Phase variation is somewhat more complex than this, however, and three 
types ha\c been described The first is the specific-non-specific phase varia- 
tion of Andrewcs 8 in which a specific antigen ordinarily occurring in phase I 
is linked with the non specific antigens of phase 2. The second is the so- 
called a-fi phase variation described by KaufTmann and Mitsui 12 in which an 
antigen occurring in phase 1 is linked with the antigens e, n, -f , in phase 2. 
|Tive tv pes of a-fi phase variation have been reported bv Edwards and Bruner. 1,1 
Lastly, there is a type of phase variation which has not been named in which 
the antigens of both phases arc common!) found in phase I. 14 

It is not dear whether this tvpe of immunological variation occurs gen- 

» Andrwes Jour ^Fath Bact . 1922, 25 505. 


. 0 . 


11 1 dw arils and Bruner J<mr. lljg , 193*1. 716 



1710 BA CTERIOLOQ Y OF RHEUMATIC INFECTIONS AND OF ENDOCARDITIS 

% 8 ° f 9 ftW ° aS r eS °{ ; m the cadavers of 22 non-rheumatic ,„ b ,V cb 

Str. pyogenes was found on the valves only twice, and in these two cases blood cultures 
were also positive. Collis (1939) examined only rheumatic cases, and found hrenrirhe 
streptococci in 14 of 15 tonsils, 13 of 27 cervical or mediastinal lymph nodes, and 22 of 

heart valves cultured (sec also Thomson and Innes 1940). 

In the Canadian army about 4 per cent, of persons suffering from streptococcal infection 
of the respiratory tract are said to have developed acute rheumatism. Of throat culture-* 
taken from 46 patients, 14 yielded no streptococci, 2 yielded Str. vtridnns, and 30 jielded 
haemolytic streptococci, all of which, with one possible exception, belonged to Group A 
(Feasby 1944). The epidemiology of acute streptococcal infections of the upper respirator) 
tract among the armed forces in the United States during the 1939-15 war provided further 
evidence of this association. Thus Rantz and his colleagues (1945, 1947) observed 15 
cases of rheumatic fever among 410 men who had had invasive streptococcal infections, 
and none among 1,100 not so infected. They also found other sequela of infection, not 
obviously rheumatic, and concluded that rheumatic carditis w as an extreme manifestation 
of a “ post-streptococcal state,” which might supervene in up to a quarter of the infected 
persons. Moreover, the incidence of the post-streptococcal state was associated tiilb 
evidence of re-infection with streptococci (see also Watson el nl. 1945, Wheeler and Jone3, 
1945, Quinn 1947). 

The significance of the epidemiological findings is greatly increased by sero- 
logical evidence of infection by Sir. pyogenes. Todd (1932) showed that the acute 
rheumatic process was almost constantly associated with a wide fluctuation in the 
titre of antibody to the O streptolysin in the blood of the patient. This fluctuation 
is of a rather peculiar kind, in that the rise in titre occurs during the acute rheumatic 
attack, and particularly during a relapse, whereas in quiescent or recovered caw 
the titres are not greatly above normal. These observations were confirmed by 
Coburn and Pauli (1932c, I935 <t, c, f) 

Later observations showed that the anti-streptolysin 0 titre rose in scarlet fever and 
streptococcal pharyngitis. The response in these two diseases is at a maximum two to 
three weeks after their onset ; that in rheumatic fever occurs rather later 4 weeks i or 
more after the onset (Coburn 1936, Coburn and Pauli 19396, Todd, Cobum and Hill 19 
Green (1041) gives 79 units per ml. as the average titre in healthy subjects, 203 m pharyn 
gitis, 300 in scarlet fever, and 210 m inactive, and 444 in active rheumatic fever. er ^ 
is little doubt that, as a rule, the titres rise higher and stay up longer in rheumatic lev 
than in more direct streptococcal infections (see, for example, Quinn and Liao 
However, not all rheumatic subjects exhibit the large and delayed response ( aran * 
1946) and, when it occurs, it may not signify more than that rheumatic fever is a c 
lasting disease (Harris and Hams 1950), or an association between rheumatic - ten 
exposure to streptococcal infection and re-infection (Rantz el al. 1951, ^,^ £W<n « 


association between rheumatic fever and 

iposure ro errcprueucca. ..... (Rantz et ol. 1051, Quinn i «< 

There is other evidence of a serological response to the antigens of hr. jot 
A gglutinating and complement-fixing antibodies for haemolytic streptococci ( „ fi , 
Pauli 1932c, Thulm 1948, Liao 1949), antifibrmolysin (antistreptokinase) (S • 

1935, Llchty 1941, Mote and Jones 1941, Anderson „ a!. 1948), antlhyu uton«<»« < * 
and Wanner 1947, Quinn 1048, Harris and Harris 1949, Stoppclmaii 1^ 

for group and type-specific antigens of Group A streptococci ( * mp | tmCT t- 

Coburn and Pauli 19395, Mote and Jones 1941, Roll, bard 1 el a 1W£* m 

fixing antibodies for nucleoprotein and other fractions o le P later, » n 

,n general resemble streptolysin O in occurring more abundantly, and rather 

rheumatic fever than in other streptococcal diseases. . ,he 

These serological facts are certainly good evidence oft e pur •«!“ con . i<tf „, 
antigens of Str pyogenes ill the rheumatic syndrom . rheumatic attack 

evidence that any one antigen is peculiarly associated with the rl.cumat 
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erally with respect to the somatic antigens. A similar variation, known as form 
variation, docs occur, however. Kauffmann 15 has found that of the three com- 
ponents of XII, designated XIIj, XII 3 , and XII 3 , XIL> varies in that it is either 
strongly or weakly developed. Antigen VI is likewise subdivided into VIj 
and VI 2 but similar variation in these latter components has not as yet been 
reported. 

It is to be emphasized that the immunological changes associated with 
phase variation are, so far as is known, normal, the bacterial strain seemingly 
existing in a sort of immunological equilibrium. These variations and the 
complete but temporary loss of flagellar antigen by cultivation on phenol agar 
noted above apparently bear no relation to the S-R dissociation though, as 
indicated, they may be induced by a method which will induce dissociation, 
i.e., cultivation in specific antiserum. There also seems to be some tendency 
to natural segregation of antigenic components. Edwards 16 has observed such a 
segregation in the H antigens, z 30 , z 31 , of S. hormaechi ; the components 
appeared to segregate in that for a period of time variants containing only 
z .{ 0 occurred and later variants containing only z 31 were thrown off, both of 
which were stable and bred true. It is not unlikely that such variation occurs 
in nature on the one hand, and that the monophasic types represent loss 
variants, giving rise to a multiplicity of antigen combinations. The phylogenetic 
impiications of the pattern of distribution of antigens within the Salmonella 
group and of phase variation have been discussed by White , 1 Edwards 3 and 
Bruner and KaufFmann 16 but cannot be considered here. 

Dissociation. S-R dissociation, similar in all respects to that known in other 
bacteria, occurs m cultures of these bacilli. The dissociation from smooth to 
rough is manifested as an alteration in colonial morphology and loss of viru- 
lence. The change is reflected immunological])' as a loss of specificity of the 
somatic antigens, i.e., the rough forms remain motile. The specificity of these 
antigens is apparently determined by a polysaccharide haptene, and wit t e 
disappearance of the haptene the bacteria acquire a new and common im 
munologic character in the somatic antigens, while the flagellar antigens 
remain unchanged. A mucoid or M phase in colonial morphology has en re 
ported by some workers which is said to be associated with the dc\ e opmen 
of a new immunological specificity. _ .. 

Bacteriological Diagnosis of Salmonella Infection. 1 he di e 
tion of the paratyphoid fevers from typhoid fever and the determina 1 
the etiology of gastro enteritis caused by Salmonella is necessan y ^ epe 
on the isolation and identification of the causative mien organism. 0 ^ 

tion both enrichment culture and direct plating shoul. be use , enn , 

broth and differential selective agar plates should be inoculate simu ^ 

and, if the latter are negative, fresh plates can be inoculated rom 
ment culture It is commonly observed that no single agar me m n()t 
for with very few bacteria cultures may be isolated on one me u ^ ^ 
the others; at least two, and better three, kinds of differentia g 

Two enrichment media are commonly used Selenite-F broth con 


15 Kauffmann Jour. Bact., 1941,41:127. 

16 Edwards Jour Bact., 1946, 51*523. 
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failure of immunization with Sir. pyogenes toxin to prevent the development of unite 
rheumatism (see Coburn and Pauli 1935n), we may conclude that the eiytWwi 
toxin plays little part in the disease process. 

Even though we accept the broad indications of the streptococcal role in acute 
rheumatism it is clear that, compared with typical infections like pharyMtii or 
scarlet fever, the rheumatic response to the streptococcus is curiously delayed 
The cause of this abnormality does not appear to lie in the organisms themselves, 
for they do not differ demonstrably from strains associated with other types of 
infection. Poverty, bad housing, urbanization, dietary deficiences and hereditary 
tendencies have all been implicated as predisposing factors (see, for example, Glover 
1939, 1913, Morris and Titmuss 1942, Coburn 1945, Holmes and Rubbo 1953), but 
are not easily interpreted in terms of a peculiar reactivity to Sir. pyogenes. As 
we have seen in Chapter 54, there is little direct basis for implicating vitamin C 
deficiency as a major factor (but see Long 1954). 


Allergy and Rheumatic Fever. — The foregoing evidence is difficult to reconcile 
with the view that rheumatic fever is the result of a simple chronic infection by 
Str. pyogenes , whether generalized or local. Allergy has been justifiably invoked 
to explain some features of the disease, but the question as to why a proportion 
of the persons infected with haemolytic streptococci should react in this peculiar 
manner remains unanswered. Coburn (1940) suggests that the delayed reaction 
to the initial streptococcal infection is due to an inadequate response of the normal 
defence mechanisms, which permits the establishment of streptococcal foci in the 
tissues. The liberation of antigen from these foci results at first in allergic sensitiza- 
tion, and, at a later stage, in a concurrent stimulation of the antibody-forming 
apparatus and in acute allergic inflammation in other sensitized tissues. 


The observation of Coburn and Pauli (1939a) that, m the quiescent Btage after the initial 
pharyngitis prior to the onset of the rheumatic attack, a substance (“ precipitinogen ) 
appears in the blood, which is specifically precipitated by sera taken from the bame patient 
or from other patients in the later acute rheumatic stage, suggested the replacement of » 
circulating antigen by an antibody specific for it. Wedum and Wedum (\946), how ever, 
observed this “ phase " reaction in non-streptococcaf conditions, and Fischel and f ; ' u * 
(1949) evidence suggests that it is due to a non-specific colloidal abnormality of thescru®, 
and that a specific antigen-antibody reaction is not concerned. . 

A variant of the allergic hypothesis uas proposed by Broking, Brill and ^ rt ' rl ^ 
(1937) who, on the basis of positive complement-fixation reactions of rheumatic sera 
an extract of liver from a rheumatic child, suggested that tho lesions of the disease 
produced by “ auto-antibodies ” reacting with components of the host « o'™ ^ 

Cavelti and Cavelti (1945) induced auto-antibodies to kidney, muscle and conn , e 
tissue, detectable by the agglutination of collodion particles coated with the a PP £ ^ 
tissue extract, by injecting into rabbits or rata Group A streptococci mixed 
logous tissues. The appearance of antibodies was accompanied by lesions in ^ 
muscle or connective tissue, according to the antigen used. Cavelti (194 ■>, I a j, a ve 
auto-antibodies to extract of human heart in rheumatic patients. These n ® jj ore 
not been confirmed by other observers (Humphrey 1948, Peck mdTliomas ' 
et al. 1949, Fischcl and Pauli 1949). although Glynn and Holborow (1 .9o2) induce ^ 

to otherwise non-antigenic chondroitin sulphate when it was adsorbed oa ® * 
vaccine ; and the animals immunized with this vaccine developed ac ) in9j « 
We may also note here the view that the rheumatic syndrome is due to } 1 
activated by the streptococcus (see Afirsky 1945). ^ ^ 

Neither the allergic nature of acute rheumatic manifestations, nor the 
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from this dispose (Dawson, OlmstcaJ and Boots 19326, Dawson, Olmsteod and Jojt 
Dawson and Tyson 1930, Nail and Hartung 1937;. Kalbak (1917; !C e aho Coster 19301 
records an agglutination reaction wiOi living Group A streptococci, positive in aboel SO 
per cent, of patients with rheumatoid arthritis, and in Jess than 15 percent, of those with 
rheumatic fever and other streptococcal diseases. Wallis (1047), on the other hand, repank 
the increase m precipitin and agglutinins as a non-specific enhancement of antibodies 
normally present. 


Waaler (1040), and Rose and his colleagues (J94S) described in the sera of patients 
With rheumatoid arthritis a serum component that enhanced the agglutination of sheep 
red cells sensitized with anti-R.B C. rabbit serum (see also Scott 1052). This component 
appears to be a globulin acting non-specifically aa a co-agglutinin, and only fortuitously 
associated with the disease ; it behaves like the O' 4 component of complement (see Pjte 
el ah 1949, 1051, Hobson and Gorrill 1952), 

On the basis of positive agglutination tests with patients’ sera, pleuropneumonia like 
organisms have been proposed as a cause of rheumatoid arthritis (Wallerstein etal, 1916), 


Bacterial Endocarditis 


Although this disease bears no immediate or necessary relationship to acute 
rheumatism, it is convenient to consider it in this chapter, if only because tfce 
isolation of non-ha?moIytic streptococci from the blood stream in the more chronic 
cases of this kind has perhaps done something to confuse tho issue in regard to the 
causation of simple rheumatic endocarditis. 

The bacteria most commonly found in large proliferating and ulcerating lesions 
of the heart valves are the various pyogenic cocci : luemolytic streptococci, strepto- 
cocci of the Str. viridans and Str. fcccalis types ; pneumococci, gonococci and 
meningococci ; Staph, aureus, Staph, alhus and micrococci of various kind*'. Of 
other bacteria, bacilli of tbe Hemophilus group occur with the greatest frequency 
(see Perry 1936), though endocardial infections with members of the Baderim 
and Bacillus groups, with salmonella), brucellas, corynebacteria, clostridia i s °- e 
More 3943), actinomyccs and actinobacilli (see Blevins and MacNVal 1946), bac- 
teroides, and so forth, have occasionally been reported. 

In a number of instances, the endocarditis is apparently secondary to infection 
elsewhere in the body, usually by the more pathogenic organism h like Staph, aureus, 
Sir. pyogenes or the pneumococcus. In others, the infection of tbe heart vave3 
is apparently primary, and usually runs a less acute, though no less fata course 


than that in the first group. > . 

Subacute Bacterial Endocarditis. — There can be no question that this aU 
disease is due in the great majority of cases to the infection of a previously ’ 

or congenitally abnormal, valve with streptococci, either of the viridans or o 
enterococcus type (see Moran 1938, Swain 1910, Solowey 1912); &ongh ot\ 
organisms are associated with the subacute infections, including influenza a ■ 

H. vara-influenzce (see, for instance, Horder 190S-9, Schottimtilei 1 > 

1926, Miles and Gray 1938, Kbairat 1919, Goudio anti Lowtlrer ml I * 
rarely organisms such as staphylococci (Boc 1950), ISrysipflo int ( Mjlt 
1052), Ac.nwbacitlm /nuns (Petersen cl ol 1950) and vcilloiielte (Do . 
and Allure- IVerber 1916; sea also Priest el ol 19«, Cates and Christie 1^ 

As regards the streptococci, a few strains belong to Groups A, D, 1 T., , 1 

H are the commonest. The remainder have been variously “pbmtr « «'■ 

aud serologically. Among these we may note rep. jlelirc and 

1046), which is similar to the Sir mngu >. of ttlnte and Mean (1J«|. 
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the negative agglutination tests in apparent typhoid fever arc probably a 
result of paratyphoid infection. The only method by which typhoid and para- 
typhoid fever can be distinguished is isolation and identification of the causal 
microorganism. 

Many scattered cases of paratyphoid fever have been observed, and a num- 
ber of more or less extensive epidemics have been reported as due to milk and 
other foods, to contact with human carriers, to sewage-polluted water and 
similar factors. In general, the mode of dissemination of paratyphoid fever is 
practically identical with that of typhoid fever (p- 457). 

The frequency of the paratyphoid fevers as compared with typhoid fever 
vanes a good deal in different localities, but most hospital records give a ratio 
of less than 1 : 10. In some regions the proportion of paratyphoid to typhoid 
may be as high as 1:4 or even more. During the first World War the propor- 
tion of paratyphoid to typhoid reached a high point. In the British armies in 
France during the years 1915-1918, the diagnosed paratyphoid fevers outnum- 
bered the typhoid cases 2:1. In civilian populations in most countries para- 
typhoid fevers probably amount to 5 or 10 up to 50 per cent or more of all 
fully diagnosed enteric cases. Very young individuals appear to be the most 
susceptible to Salmonella infection, and an unduly large portion, perhaps 20 
per cent, of cultures arc from young children. 

Three different species have been commonly recognized as the cause of para- 
typhoid fever: S. paratyphi A, S. paratyphi B and S. paratyphi C. It may be 
noted that a mixed vaccine is commonly used in the prophylactic inoculation 
against typhoid fever which includes not only typhoid bacilli but para A and 
para B bacilli also (p. 461); para C is not ordinarily included. 

Salmonella Paratyphi A (Bacillus paratyphosus A, Bacterium paratyphosum 
A, Salmonella paratyphi). This bacterium differs culturally from most o 
the other Salmonella species in its inability to ferment xylose, and it is, in 
addition, serologically distinct. Some outbreaks due to this microorganism 
have been traced to sewage-contaminated water supplies, others to food con 
laminated through the agency of human carriers. Paratyphoid fever ue to 
S. paratyphi A is often very mild, 300 cases occurring in a United tates in 


fantry regiment without a single death. , 

Salmonella Paratyphi B ( Bacillus paratyphosus B, Bacterium paratyp w 
B, Salmonella schottmulleri ), S. paratyphi B is readily differentiate r ° 
paratyphi A, but has confusing cultural and serological relations wit c 
Salmonella strains of the food poisoning types. As in the preceding specif 
sources and modes of transmission are similar to those of typ oi e ' e 
source of the bacteria is generally the human carrier, but it has cen r 
that dogs 22 have been found responsible for small epidemics an 
instance a cow 23 was responsible for cases of the disease, n $ con . 

United States and in northern Europe infection with this species 
siderably more frequent than with S. paratyphi A. , , found m 

Salmonella Paratyphi C (S. hirschfeldii). S. paratyphi C as ^ ^ 

22 Caspersen: Norsk Mag- f. Laegevidenskapen., 1937, FS, F° r h- „^°7tsch r . 6 Hyg‘ u ' 
138, Ztschr. f. Hyg. u. Infektionskr., 1938, 120.611; Magnuss 


Infektionskr., 1938, 121:136. 

23 Rosgen and Schultze Gahmen 


Deut. med. Wchnoto. 1939, 65 15H. 
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Similar liactrramia occur, after operative manipulation of other infeted nt0-tk 
, “ u,< i n ( Sctim( m‘incr lull), tlie uretlira (Barrington and Wright 1030 ) 

ton,, Is and pro,ta to (II, chard, 10.12). the organic, found depending on the natm of & 
infection Towillcctomy approach-, tnotl, extraction in the frequency a, Mi rMci u « 
tollotted by a 6lr. nrulan* bactiraimia (etc Fitcher and Gottdenicer 1930, Fliiott 19351 
Dot, ling and hi, colleague < 1052) oWrved that heroin addieta aero common among cm 
or«tapli)iococcai cndoeartlitia. nnd auggeat that the cocci may hare come from infreW 
hypodermic injection filter. 


ft would seem, therefore, that in any person with oral or tonsillar sepsis, Here 
is likely to he an occasional leak of bacteria into the blood stream, leading to 
n transitory bactenemia, this leak being temporarily intensified as the mult of 
operative procedure. These bacteria are, in a normal person, rapidly removed 
from the blood stream and cause no serious damage to the tissues ; but if they 
come in contact with a congenitally defective heart valve, or a valve already dan- 
aged as the result of rheumatic infection, or a valve in which degenerative chaagw 
have occurred, they may set up a lasting and slowly fatal infection. 

Treatment. The expectation of almost certain death from bacterial endo- 
carditis has been greatly modified by modern developments in chemotherapy. 
Successful cures of the infection have boon reported for sulphonamides, peniullm, 
streptomycin, bacitracin and the broad -spectrum antibiotics. Most of the organ- 
isms are susceptible to penicillin ; and combinations of antibiotics may succeed 
when one alone is ineffective (see Cates el ol. 1931). In one series of cases, Chnsti' 
<1918, Cates and Christie 1931) records about 70 per cent, of apparent cures with 
penicillin. Prolonged and high do-age, of the order of 2 X 10* units daily f° r 
i-G weeks, was essential ; relapses usually occurred within a month of stoppm? 
the penicillin. The choice of drug depends on the susceptibility of the infecting 
strain isolated from the blood. It is unsafe to rely simply on identification o* y 
infecting species, because within a species the drug resistance may vary widely. 
The infecting strain should also be tested during therapy, and increases in resistance 
met by change in chemotherapy. Experimentally, the effect of the antibiotic 
appears to be a restraint of the growth of the organisms in the infected vegete ,0 ^ 
This permits a deposition of bactena-frec fibrin on its surface, which in turn serve 
for invasion of leucocytes and reparative cells (MacXcal ef «?. 1915). 

In man, the cures arc apparently complete in the sense that all the organs j 
arc destroyed (Geiger and Durlaeher 1917); hut the residual mechanical da®*^ 
to the valves may result in progressive and ultimately fatal heart fai ure 
and Christie 1931, Kaplan el al 1949). 
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enteric fevers in parts of Asia, Africa and southeastern Europe and has been 
reported as an important cause of illness and death in British Guiana. Cases 
of endocarditis have been found to be caused by this and other suipestifer 
species. Although the type of disease is similar to the other enteric or intestinal 
forms, little is known about its epidemiology. This species is closely related bio- 
logically to the hog cholera or cholerne-snis strains described below. 

Other species have been occasionally found: S. barielly, isolated from cases 
of mild pyrexia in India; S. enterttidis vat. moscow, isolated from cases of para- 
tv phoid fever in Russia and described by Russian bacteriologists as "Paratyphus 
N 2 ”; S. sendai, isolated from cases of paratyphoid fc\er in Japan, and S. east- 
bourne, from a paratyphoid case of Eastbourne, England. In this country S. 
typht-muriiim, S. saint paid, S. ornmenburg, S hartford, S. sendai, S. panama 
and others have been found associated with enteric fevers. 

Paratyphoid Gastro-cnteritis. The symptoms of this type of disease 
are quite different from those in paratyphoid fever and comprise a more or less 
violent gastro-intestmal disturbance with vomiting, diarrhea, a slight rise in 
temperature and usually a rapid recovery. The attack may rarely pass into a 
septicemic, infection The descriptions of indigenous cholera or “cholera 
nostras” in earlier medical ‘writings suggest this form of illness Outbreaks of 
gastro enteritis have been usually reported in connection with the consump- 
tion of particular articles of food and are commonly referred to as "food poison- 
ing " Food-borne infection of this type has been discussed elsewhere (p 273) 
and need not he considered further here. Several species of bacteria are known 
to be concerned 

Salmonella Typhi-murium ( Salmonella aertrycke, Bacterium aertrycke, 
Bacterium typh't-murium'). This bacterium, most commonly isolated in food 
poisoning outbreaks in the United States 24 and in Great Britain, 2 *' closely re- 
sembles S paratyphi B in its cultural characteristics but can be distinguished 
by its ability to produce acid in tartrate medium. Before differential tests were 
satisfactorily worked out, S. paratyphi B and S typhi-munum were commonly 
confused and both termed "para B.” S. typhi-murium is commonly found in a 
variety of infections in laboratory and domestic animals and in birds, and the 
"B. pestis caviac" of some writers and Nocard’s "B. psittacosis" arc, in fact, 
S. typhi-murium. Most of the laboratory stock cultures labeled "Danysz virus” or 
"bacillus of mouse typhoid" are of the typhi-murium type, but ‘some are S. 
enterttidis. 

Salmonella Enteriltdis (.Bacterium enterttidis') . Although found frequently 
in food-poisoning outbreaks, this bacterium is less common than S typhi- 
murnim. It closely resembles S. typhi-murium culturally, but is said by some 
to differ in that it does not ferment inositol while typht murium does The 
inositol fermentation is, however, frequently not clear-cut, a lowering of pH 
may be noted but sometimes not to a sufficient degree to warrant calling the 
fermentation positive In the writer’s experience, the inositol fermentation is 
V amble m both species. The two may be separated by serological means. 

Salmonella Cholerae-Sius (Bacterium suipestifer. Bacterium cholerae-suis, 
the Hog Cholera Bacillus, American Suipestifer). This Salmonella is a mem- 

« Jordan Jour. Prev. Med , 1929, 3.279 

25 Savage and White Med Res. Council Spec. Rept. Ser. No 92, 1925. 
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ber of a group of closely related bacteria, called the suipestifer group, which also 
contains S. paratyphi C or Eastern type, as noted above, S. cholerae-suis var. 
Kunzendorf or European type, and the Glasser-Voldagsen type, which is com 
prised of two species, S. typhi-suis and S. typhi-suis var. Voldagsen. These 
species may be differentiated from one another by a combination of cultural 
and serological methods. S. cholerac-suis formerly predominated in the United 
States, but now the Kunzendorf variety is found more often. This species has 
been implicated in outbreaks of paratyphoid gastro-enteritis, although to a 
much lesser extent than either S. typhi-murium or S. entcriudis. S. typhi-sms 
appears to be purely an animal (pig) pathogen, but several cases of human 
infection with the Kunzendorf variety have occurred in the United States 
According to Eschweiler, Wahlin and Snow 20 eighty-six cases of human infec- 
tion with bacteremia have been reported in this country. 

Other Salmonella species are less commonly implicated in human infections. 
S. thompson and S. newport, both related to the suipestifer group immuno- 
logically, have been observed a few times and other species but' once; in fact, 
a number of the new Salmonella species described in recent years have been 
isolated from food implicated in outbreaks of enteritis. 

The distinction between the "food-poisoning" strains of paratyphoid bacilli 
and the strains that cause slow typhoid-like fever does not seem to be a sharp 
one. In rare instances acute gastro-enteritis has been traced to S. paratyphi B, 
and, while illness caused by the food-poisoning bacilli is ordinarily followed by 
prompt recovery, fatal cases of generalized infection with bacteremia some- 
times occur. In general, however, S. paratyphi A, S. paratyphi B and S. para- 
typhi C are found in the continued fevers; S. typhi-murium, S. enteritidis and, 
more rarely, S. cholcrae-suis in acute gastro-enteritis. Salmonellac of the sui- 
pestifer group appear to be more invasive when infecting man than most o 
the other species, and consequently are more often found in bacteremia an 


other kinds of tissue infection. , 

Pathogenicity for Lower Animals. Salmonella infection o 10 cn * 
is quite common; S. typhimiurium and S. enteritidis cause infections 0 .,,y a 
and mice, and these animals may become healthy carriers of th® 2C1 
point of importance in connection with the epidemiology of foo ! pojson* 
outbreaks. S.. typhi-murium infection is by far the most common in t e " 
States, and S. enteritidis less so than generally supposed. Preparations 
virus” or "Ratin’’ consist of these bacteria and arc supposed to ini ia 
demic of disease in the rat population and hence destroy it. j e 0 f 

preparations is to be condemned, for not all the rats are kille an . j ve j 
the survivors become healthy carriers, there is, in addition, the ange 
in leaving preparations of virulent bacilli about the home. abortion 

Salmonella infection of the horse is also quite common, n 5^.^ j 13S no t 
of mares is caused by a specific microorganism, S. abortus cqiit , ' i^ tU tritti» 
been found in other animals. Man is only rarely infectc . • 7 ^ 
has also occasionally been reported in horses. Abortion m s m0ne ]Jais 
attributed to a member of the Salmonella group, S. abortus ovt . 
occasionally observed in a variety of other animals. Imonella group- 

Birds are quite commonly infected with members or t ie a 
z® Eschweiler, Wahlin and Snow. Ann. Int. Med., 1944, 20 275. 



CHAPTER GO 

ENTERIC INFECTIONS 


Among the clinical records left by medical writers from Hippocrates onwards, 
we have little difficulty in recognizing cases which can, with reasonable certainty, 
bo identified as instances of enteric fever. The separation of this type of infec- 
tion from the mass of continued fevers was, however, a slow process ; and it was 
only during the first half of the 19th century that typhoid or enteric fever finally 
emerged as a recognizable clinical syndrome from among the mass of continued 
fevers with which it had previously been confused. Various differences in behaviour 
between typhoid fever and the prevalent typhus, gaol, or famine fever bad indeed 
been noted at much earlier dates. Among these pioneers were Willis (1659) and 
Huxham (1739) ; but their descriptions wero not sufficiently detailed or com- 
plete to carry general conviction. As noted by Creighton (1894), the final recog- 
nition of enteric fever in this country resulted from tho elaborate analysis of the 
symptoms of the different types of continued fever carried out by Sir William 
Jenncr between 1849 and 1851. In Germany, the difference between typhusand 
typhoid was clearly recognized by Schoenlein (1839), under the names “ Typhus 
exanthematicus ” and ” Typhus abdominalis,” which have maintained tU« 
position in German literature. In France, tho observations of Prost (1801), and 
particularly of Petit and Scrrcs (1813), afforded what was probably the first 
accurate description of the intestinal lesions ; though many earlier records of 
post-mortem findings are in existence. These observations were confirmed an 
extended by Brctonncau (1826), Louis (1829), and Chomcl (1834)— (see 


1918). , . 

Tho most striking contribution to our knowledge of tho natural history ^ 
typhoid fever, before tho opening of the bacteriological era, is undoubted y a 
made by William Budd (1856, 1873) of North Tawton in Devon. Badd W 
studied under Louis at the La Pitid hospital, and was therefore in a P oftl wtt , 
identify typhoid fever with considerable confidence. He insisted on its spre 
by contagion, on the reproduction of the specific poison within the ’ 

on the excretion of the infective material in the faces, on the spread o t c ls . , 
through the family circle bv the tainted hands of those who waited on ^ 
on the part played by the s 

and on the destruction of ] 

afford an admirable example of the value of accurate observations <* * 
practitioner earned out in the spirit of the field naturalist .Wafioo 

With the description of the typhoid bacillus by Eberth in 8 , a " ,*.«/ection 
by Gaffky in 1884, it became possible to attack the problems o en , s!u£ )y 
by the methods devised by the bacteriologist. The subsequen iso a 
of the various species of paratyphoid bacilli has shown t at en eric - > 
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Epidemics due to S. typhumurium sometimes cause great destruction among 
canaries and otlicr songbirds. Two barnyard diseases of great economic im- 
portance arc due to specific Salmonella types* the bacillary white diarrhea 
of chicks caused by S. pitUoruvt; and fowl typhoid caused by S. gaUinartm 
Cor S sanguhuiriuni). S. pullortim may survive in the ovaries of the fowls 
that recover from infection; diseased chicks may dc\clop from the infected 
ova and communicate the disease to initially healthy members of the Hock. 
Rare cases of human infection with S. jntUorum have been reported and it 
lias been associated with epidemic food borne gastro-enteritis in some instances 
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4th week refer to cases which wcro febrile at that period since mirh 

" y dth iccfe f d / or «£ ctes^t 

r “ °* f0Vet ls , a330Clate ' J ™th the disappearance of bacteria f,„ 
the blood. In severe cases the bactersemia may not reach its peak till the 3rd week 

/0n „j of the disease (Shaw and 

Mackay 1951) ; and in 

\ ‘ cases that terminate 

50% ■ \ fatally as the result of 

\ the primary infection, 

607.- ^ \ apart from the eecond- 

7^ \ \ ary accidents of ha?mor- 

/ \ \ ■ rhage and perforation, 

/ \ \ its intensity usually 

/ \ s \ increases until death 

2n * \ \ (Joohmann 1914). 

\ N ' <& ^ The frequency of 

0 — — r — 1 — , , q_ Salm. typhi in the feces, 

2 %eek * 0 ? Disease. 6 7 6 on the other hand, in- 

* — • — • Percentage oF cases showing positive blood cultures creases from the 1st to 

*'"*“■* ’ * • * agglutinins in blood. the 3rd week and then 

0 - 0-0 , . . ytod, v path* cMvns frem tern,. f 0 u s somewhat dimly. 

Fio. 28C. The frequency curves 

for blood and feces 

cross somewhero about tho end of the 2nd week. Before that time, the bacilli are 
isolated more frequently from the blood than from the faxes ; after it, the position 
is reversed. In attempting deductions from such figures as these, we must 
remember that differences in technique may have an important influence on our 
results. There are certain technical difficulties associated with blood culture, and 


with the isolation of pathogenic bacteria from the faxes ; but they are different 
in kind, and the technical error involved may be quite different in degree. Tfcc 
significant point is the decreasing frequency of detectable bactcrjemia, and the 
increasing frequency of Salm. typhi in the intestine, during the first 2 to 3 weeks 
This clearly suggests that the mam line of invasion during this period is from tie 
blood stream to the intestine, not the reverse. As Fig. 286 indicates, the hacii/i 
do not disappear from the intestine so quickly or so completely as from the blood 
There is a lag which is fairly constant over the early part of the falling frequency 
curve but which becomes more pronounced later. A considerable proportion o 
cases are still excreting typhoid bacilli at a time when positive blood cubitf^ can 
no longer be obtained , and some cases continue excreting well into convalescence 
or beyond it. . 

Our figures for the frequency of agglutinins m the blood serum of the P a * en ^ 
are based mainly on the results obtained with formohzed broth cultures, w ><• 
react with the H (flagellar) agglutinins (Dreyer et al 1915, 1916, 1917). PuriBo 
1st week about 20 per cent, of the cases show the presence of the c e agg u ■ 

The curve then rises sharply, crossing the blood-culture curve just before ®® 
of the 2nd week, and still rising attains a value of 90 per cent or over y 
week. After this it remains at a high level for some weeks {Fig s ' 263, «. i P- . 
AVe have less information on the behaviour of the 0 (somatic) agglutinins 
as we have suggests that the general form of the curve resem des a 



Chapter 20 


TIIE ENTERIC BACILLI: THE TYPHOID BACILLUS 


The infectious nature of typhoid fever was apparent in 1856 to William 
Budd, who, on the basis of epidemiological evidence, suggested that the dis- 
ease was transmitted by sewage-contaminated water and that the source of the 
infectious material was human feces. The typhoid bacillus, however, was dis- 
covered in 1880 by Ebcrth in the mesenteric glands and the spleen of persons 
dying from typhoid fever. In 1884 Gaffky succeeded in growing Eberth's bacil- 
lus on culture media. Acceptance of this microorganism as the etiologic agent of 
typhoid fever, however, was delayed because typhoid fever could not be re- 
produced in experimental animals. The immunological aspects of typhoid fever 
provided strong ancillary evidence, and, in the course of time, Kochs third 
postulate has been fulfilled by infections in man arising from laboratory 
accidents. 

Morphology and Staining. The typhoid bacillus closely resembles the 
other enteric bacteria and exhibits no distinctive morphological characters. 
The microorganism is a short, plump rod, ranging, as a rule, from I to 3.5 n 
in length and from 0.5 to 0.8 n in breadth. In smears from agar cultures the 
shorter forms predominate, while longer bacilli are generally observed in liquid 
media It may be noted that the typhoid bacilli present in the urine of urinary 
carriers are frequently in the form of long filaments. This bacterium is acme > 
motile by peritnehous flagella and generally possesses a greater num er o 
flagella (12 to 14) than the colon bacillus (6 to 10). Spores are not » 
and the cell inclusions taken by Gaffky and others to be spores were pro a y 
either vacuoles or metachromatic granules. Capsules are not forme ■ • 

Upon agar and gelatin media the colonies of the typhoid baci us c ose y 
resemble those of the colon bacillus and are equally variable in appear.™ 
The "maple-leaf" appearance, arising from the irregularly notched margins an 
often termed typical, is by no means always seen, and the colonies ar 
quently round, smooth, bluish white, translucent and slightly raise • e 
typhoid bacillus is never pigmented; although there have been a nu ™ 
reports 1 of the isolation of yellow pigment-forming varieties, these arc 
typhoid bacilli. 2 Typical cultures of the typhoid bacillus grow 
face of acid potato, but the growth is thin, moist and colorless, an ^ 

so-called “invisible film” which is strikingly unlike the pro use ^ 

growth of the typical colon bacillus. On pieces of potato with an a ^ 

1 Grossmann: Centralbl. f. Bakt., I, Orig., 1933, 129 - 508 , GsW 0 , Rotenburg' 
schr., 1934, 60-1014, Dresel and Herbert: Arch. Hyg u. Bakt., 19 ^ ^ 51 . 

Ztschr. Mikrobiol. Epidemiol. Immunit3tsforsch (U. S. S. Jw» ’ 

3 Cruickshank: Jour. Hyg., 1935, 35.354. 
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“,, t !r,,r r0rted * D t ud f“,.(J?°S). Salm. lyphi ha, iem i, oIateJ {m ^ 
gall-bladder m a case of cholelithiasis, m the absence of any history of typhoid 
fever The literature contains many instances of a similar kind (see LedMm 
and Arkwright 1912, Gay 1918). * 


The mechanism by which the gaii- bladder becomes infected has been studied experi 
mentally in rabbits. Blaebstcin (1891) found that bacilli could bo Isolated from the gall 
bladder of these animals for days or weeks after an intravenous inoculation of bring 
culture. Richardson (1899) recorded similar observations, and noted that some of the 
rabbits developed gall-stones, an observation which has been repeatedly confirmed (Gay 
1918). The bacilli may reach the gall-bladder very rapidly after intravenous injection, 
according to Blumenthal (1910) within 10 minutes. They may persist in this situation 
orcr long periods (Morgan lDil, Johnston 1912, Gay and Ciaypofe 1913). treinfurfer 
(191G) records an instance in which they were Btill present after 9 months. 

It is generally believed that the bacilli reach the gall-bladder from the blood by travelling 
from the liver capillaries to the bile canaliculi, and thence down the bile ducts (Doerr 
1905, Lcmicrro and Abraini 1907, Nichols 191 G). It has, on tho other hand, been stated 
(Koch 1909, Chiarofanza 1909) that they rapidly reach the gall-bladder even after ligation 
of the cystic duct, and that nests of bacilli may be found in the capillaries of the gall-bladder 
wall, suggesting that they pass directly’ into the visens by this route. It is probable, 
as suggested by Gay (1918), that either routo may be traversed. 


Tho picture that wc have just given of the distribution of typhoid bacilli, ia 
the blood, faces, and tissues is based on results obtained by a technique which 
we know to be considerably inferior to that now at our command. It may well 
be that the frequency of typhoid bacilli in the intestine during the early stage 
of the disease has been considerably' underestimated. That this is true of pan 
typhoid B fever, the observations of Glass and Wright (1937) leave no doubt 
Using a combination of tetrathionate broth for preliminary enrichment, followed 
by plating on cosin brilliant green agar, these workers were able, during the invest? 
ation of a sharp outbreak of paratyphoid fever at Liverpool, to isolate the bad 
from the fieces of about 83 per cent, of patients in the first week, 94 per c <ct « 
the second, and 88 per cent, in the third. Had more than one specimen of 
been examined from each patient, the proportion of positive results might ave 
been even higher. Whether the same holds true of typhoid fever is not 0 
with certainty’, but the observations of A C. Jones (195 3) during the Oswes ^ 
outbreak strongly suggest that it does. Using preliminary* enrichment in se eiu * 
broth followed by* plating on deoxycholatc agar, Jones was able to isolate yp ^ 
bacilli from the freces of 68 per cent, of patients in the 1st week of the 
79 per cent, m the 2nd, of 67 per cent, in the 3rd, of 83 per cent, in t e • 
per cent, in the 5th, and 81 per cent, in the 6th. It is interesting to ' ^ 

according to Glass and Wright (1937), paratyphoid B bacilli are not bW ^ 
isolated from the urine during the first six weeks of the disease unless ‘ , 

. . . -otina “ clearance P'**'"*’.. 


also positive ; after this time, however, during the so-called vmu^ r- ^ 
the urino is not infrequently positive when the fxces have become nega 
and Knox (1942), in their study of the Kettering outbreak of paratyp 
reached the same conclusion. r ^ 

Route of Infection.- We have not yet considered the route “.L, stagt! of 
bacilli gain access to the tissues and the Mood stream during fI j c fcrrr, 

naturally occurring infection Our knowledge of the epidenno o„y f ^ by 
and of its mode of spread, makes it quite clear that the bacilli 
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tion, the growth is more like that of the colon bacillus. No great value as yet 
attaches to the character of growth on potato, for there is wide variation in 
both the reaction of potatoes and the behavior of different strains of bacilli. 

The typhoid bacillus stains easily with the ordinary aniline dyes and is 
readily decolorized by the Gram method. 

Physiology. Salmonella typhi is not nutritionally fastidious and grows 
readily upon the usual nutrient (beef extract) agar and gelatin. These bacteria 
may be grown on simple synthetic solutions containing glucose and an am- 
monium salt; some strains appear to require the addition of tryptophane to 
these solutions, 3 but it is probable that this amino acid functions as a growth 
stimulant rather than an essential food substance. 1 The typhoid bacillus is a 
facultative anaerobe, growing almost as luxuriantly under anaerobic conditions 



Fig 73. Salmonella typhi. Smear from a pure culture, Sommersby strain. Note the varia- 
tion in size from coccoid to bacillary forms Fuchsin, X 1050. 


as under aerobic conditions. Some growth is apparent at 4° C. and there is no 
growth beyond 46° C., while the optimum temperature is 37° C. Like the 
other intestinal forms, the typhoid bacillus grows over a relatively wide pi 1 
range, 5 0 to 8 6., with an optimum at pH 6 8 to 7.0. 

Gelatin is not liquefied and indol is not formed, but nitrates are reduced to 
nitrites Hydrogen sulfide is produced. As compared to many of the other 
enteric forms, the typhoid bacillus is a relatively weak fermenter and it re- 
sembles Bact. colt anaerogcncs in that acid and no gas is produced, this last 
characteristic is of practical value in the glucose fermentation in the differentia- 
tion of the typhoid bacillus and Salmonella species The acids produced in the 
fermentation of glucose are lactic acid for the most part, together with small 
amounts of ethyl alcohol, formic and acetic acids and, sometimes, succinic 
acid. Acetylmethylcarbinol is not formed. Although no gas may be observed in 
the fermentation tube, precise measurement has shown that carbon dioxide is 
evolved under aerobic conditions, one mol of carbon dioxide being given off 

* Fifties, Gladstone and Knight. Brit. Jour. Exp Path., 1933, 14 189. 

* Burrow s Jour. Inf. Dis., 1939, 6-? 145, i bid , 1939, 65.134. 
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over long periods of time. Experience with mice (Topley 1920) suggests that tl. 
spleen may form a persistent foens of infection; and the well-known typhoid 
periostitis affords an example of a lesion which may occur long after convalescent, 
from the original illness. 

It should be poted that relapses may occur during convalescence, altWl 
they are infrequent except in patients treated with antibiotics. They are usually 
milder and of shorter duration than the original attack ; and the fatality rate is 
low (Gay 19 18). They are undoubtedly due to a re-invasion of the blood stream 
from the tissues in which typhoid bacilli arc still proliferating at the time when the 
bactenemic phase of tiic primary attack is brought to a close. They are milder, 
and of shorter duration, presumably liecause specific antibodies are already present, 
and because the tissues respond promptly to the secondary stimulus. 


Diagnosis 

The methods of diagnosis that arc available and their relative value at different 
stages of the disease are indicated by the time-relations shown in Fig. 286. Though 
at one time reliance was placed chiefly on serological methods of diagnosis — the 
Widal reaction-^modem practice lays far more emphasis on the cultural isolation 
of the causative organism from the blood, faeces or urine. Serological tests cannot 
afford more than indirect evidence of infection, and their interpretation may b« 
rendered difficult by past exposure to infection or by previous injection of the 
patient with T.A.B- vnccinef Moreover, examination of the serum often fails to 
distinguish between typhoid and paratyphoid fever. 

Cultural Methods in Diagnosis. — The method of choice is 'blood culture. This 
has the great advantage over culture from the'feces, urine or bile of showing not 
only that the patient is infected with the bacillus, but that the infection is actiw 
and is almost certainly responsible for the disease from which he is suffering 


At least 10 ml. of blood should be withdrawn with a syringe or similar device fon 
a vein and transferred to a tube containing on anticoagulant, such as citrate, ora * 
or liquoid. On arrival at the laboratory, the blood should be transferred to a flas w" 
taining 50-100 ml. of 0 5 per cent, sodium taurocholate broth, or preferably distn u 
in about 3-ml. quantities into tubes containing 20 ml. of 0 5 per cent, sodium tauroc o i 
broth, tetrathionate broth (Muller 1925), and brilliant gTeen Esbach broth (Ruy3_ 

The cultures should be incubated at 37° C- and plated out daily on to MacConkej * ^ 
or some similar medium, and should not be discarded ns negative for at least 11 1 days b- 
and Mackay 1951). If the only material sent to the laboratory is clotted blood, the 
should be pipetted off, and the clot, after being broken up with a sterile rod, 
to bile salt broth. A surprisingly high proportion of successful isolations may 8 on 
in this way ; and in early cases the clot culture may be positive when the agg 
test is negative (sec Soman 1932, 1934, Downic and Fairbrother 1934). ^ 

The proportion of positive blood cultures is usually highest in the \ st 
the disease, but, as already noted, in severe and in fatal cases bactenemw 


reach its peak till the 2nd or 3rd week , ^ 

As an' alternative or supplement to blood culture, an attemp ) ^ 

preferably by eternal puncture, to isolate the organism from e ^ 

Ling, Liu and Chen (1948) recommend this method, partly because f f j f 0 r 
is more often infected than the blood and partly because it remains 


some time after the end of the bactenemic stage. 

If possible, cultures from the feces, and preferably from the 


urine also, 
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for every mo! of oxygen taken up. 1 Other cultural reactions of the typhoid 
bacillus are summarized elsewhere (p. 416), bat, in general, carbohydrate 
fermentations, with the exception of the failure to ferment lactose, are not of 
great differential value. 

The susceptibility of the typhoid bacillus to deleterious influences is much 
the same as that of the other enteric bacteria. It is killed by exposure to 55° to 
60° C. for thirty minutes and by the usual bactericidal chemicals in a some- 
what shorter time than certain more resistant forms such as staphylococci. It 
persists, rather than multiplies, in nature for a variable length of time. Some 
bacilli remain viable in ground water for possibly two or three weeks, but in 
fecal matter in privy vaults and elseivhere they may persist for one to two 
months. 




% %. 


* 


Fig. 74. Colonies of typhoid bacillus on nutrient agaT. Note the characteristic maple 
leaf" irregular margin and slightly roughened glistening surface. X * 

Toxins. S. typhi, like the other enteric bacteria, does not form a soluble 
toxin, but its cell substance is toxic to the experimental animal upon P aren et 
inoculation. A polysaccharide-lipid complex which is reported to repr 
the somatic antigen and endotoxin has been isolated from typhoid uct ^ 
Boivin and Mesrobeanu c by trichloracetic acid extraction (p- 2° )• . 

substance, but differing in that it contains protein, has been iso ate 
gan and Partridge 7 by extraction with diethylene glycol and pun e f . . 
cipitation from aqueous solution with acetone. The containe P° safnC 
is immunologically specific, reacting with O antisera, and is pro a y 
as that studied by Freeman. 8 An alcohol-soluble substance having o- g- rn -j ar 
erties has been studied by White 0 and named by him Q sU stan ^ 

5 As measured in Warburg respirometers in the writer s laboratory- 
also given off by aerated broth cultures. , \f Mro be:jnu' R ev * 

“The work on the typhoid bacillus is discussed by Botvm 
d’lmmunologie, 1938, 4-197. ... Cf 

r Morgan and Partridge: Brit. Jour. Exp. Path., 1942, 23:15 • 

8 Freeman. Biochcm. Jour., 1942,36 340. p r, 0 i Med-, 

• White: Jour. path. Bact., 1932, 35:77, Dennis: Prc* Soc. 

42:89, 
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be obtained, it is advisable to use a combination of one or two enricimeii Srf 
media with two or three selective solid media.' According to Hobbs and, ilk* 
(19461, the best two liquid enrichment media for general purposes are sodim 
selenite ana tetrathionate, and tie best- two solid selective media, for n(a% 
either directly or from cultures in enrichment media, are Wilson and Blair's 
bismuth sulphite agar and Leifson’s deoxycholate citrate agar. ^ 

"For the cultivation of urine two or three 10-inL quantitiesshoub] behocvhtd 
into liquid enrichment media and plated out after incubation on to the selective 
media already mentioned. Bile, in smaller quantities, should be treated similarly, 
and in addition should be plated out directly on to two or three selective medu 


Great care should be exercised over the collection of specimens of frees and mine 
for examination. In hospitals imperfectly sterilized bedpans and urinals afford a freest 
source of contamination, and it is much better to provide every patient from whom i 
specimen is required with a special grease-proof, cardboard container into which tk 
excreta can be passed directly {see Holt, Vaughan and Wright 1912). jUteroabTrlj % 
rectal swab may be taken, though this is less satisfactory than fasces when the tacilli 
are scanty (Shaughnessy et ah 1948). The faces should be examined as fresh as powWe; 
if this is impracticable, they should be collected into the buffered glycerol saline soMua 
described by Sachs (1939) or the deoxycholate citrate solution described by Bingwi? 
and Eliot (1940) to prevent the overgrowth of typhoid-paratyphoid bacilh by cobform 
organisms. Cultures should ho made on to two or three of the selective solid media 
mentioned, with and without preliminary enrichment. Non-lactose-fermenting cota» 
may be tentatively identified by slide agglutination (Report 1939), and confirmed br 
motility, biochemical and tube agglutination reactions (see Bridges and Taj lor 1W 
It may be noted that the serum of some rabbits may contain agglutinins to the so wW 
a antigen, which is found in certain strains of coliform and Proteus bacilli. Non lactose 
fermenting colonies, not belonging to the typhoid or paratyphoid group?, may be 
ated by the serum of such a rabbit, and may give confusing results (Stamp and 
1944). The occurrence of the small colony variant of Sabn. typhi must be retnem 
(see Moms et at. 1943) and also of non-motile strains. . , 

Whatever selective and differential media are employed, the frequency of i?o 3 10 ^ 
typhoid and paratyphoid bacilli will be significantly increased by making repeated P 3 ‘ n = 
from, the primary enrichment culture. Topley and Fielden (1922) pointed out 1 > ^ 
ordinary broth culture from a specimen of faeces, various bacterial species sue 
another as the dominant viable organisms, and that it is fairly common to o ta a 
culture of Bad. coli on a plate seeded after 24 hours, and a prre culture o n ^ 
on a plate seeded after several days’ incubation. In a selective medium, on t e o r ^ 
typhoid bacilli tend to develop before Bad. coli: thus \\ aldhecker (19 °) n0 ( ^ ^ 
plating from a tetrathionate brilliant green bile selective medium after 5 oU ” 
hours’ incubation, instead of after 20 hours’ only, considerably increased t e p 


of positive results (see also Boecker 1935). 

It must, in particular, be emphasized that the isolation of typhoid °*P 3 * a j^tfrU 
bacilh from a specimen of faces depends more on the proportion o ** ^ j3 

to the test of the enterobacterial flora in the particular specimen jt, 

on any detail of technique, No reliance can be placed on a sing e 
whatever method of examination is employed ; andin earners or c . 
where the excretion of these organisms may be intermittent, man) sp 
have to be examined before a positive result is obtained. (edoub 1 '’'* 

The Agglutination Reaction in Diagnosis.~As we have alrc ^ 
attention is now paid than formerly to the agglutination teac l 
of enteric fever There are so many hmitatmns to the test that it 
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substances have been found in quite a number of the enteric bacilli and their 
relationship to the lipid complexes is not clear. Morgan 10 has studied the 
pathologic changes produced by the endotoxin in some detail. Intradermal in- 
oculation results in a local edema and erythema followed by necrosis, and in- 
travenous or intracardial injection results in congestion, hemorrhagic extra- 
vasation and necrosis in various organs. The liver and bone marrow pathology 
is very similar to that observed in fatal human cases of typhoid fever. The 
vascular epithelium is injured also and thrombosis, common in severe human 
infections, is produced. 

Classification and Antigenic Structure. The typhoid bacillus has been 
given a variety of names, including Bacillus typhi, Bacillus typhosus and Bac- 
terium typhosum. Although closely related to the other enteric bacilli, it was 
put into the genus Eberthella as the type species, first under the name of Eber- 
tkella typhi and later as Eberthella typhosa in the earlier Bcrgey classifications 
The antigenic structure of the typhoid bacillus is given by the formula IX, 
XII, (Vi) : d : and its close immunological relation to the Salmonellas is 
obvious As a consequer ’ ' ' * 1 * 1 the English in 

particular, allocate the it Salmonella 

typhi. The current Ber 0 , . . this view and 

now formally classifies the typhoid bacillus as Salmonella typhosa. Since the 
name Salmonella typhi has become established to a certain extent, it would 
seem desirable to retain it. 

Vi Antigen. 11 In addition to the usual somatic and flagellar antigens, the 
majority of strains of typhoid bacilli isolated from human infections, some of 
which are inagglutinable by O antiserum, were found by Felix and Pitt 12 
to contain an additional antigen. This was designated the Vi or "virulence" 
antigen since they believed it was associated with the virulence of the bacteria 
This antigen appears to be similar to the somatic antigens, has in fact been 
reported 13 to be extracted with trichloracetic acid, but differs in that it is heat 
labile in the presence of water. It is, however, relatively heat-stable in absolute 
alcohol, acetone or glycerin. 14 According to Pijper n the type of agglutination 
produced by the antibody to this antigen differs from the normal H and O ag- 
glutination in that a sort of “paresis” is produced m the flagella, resulting in 
erratic movements and chance contacts between the cells. Though there 
appears to be no mutual attraction, the bacilli seem to be sticky and, when rela- 
tively large areas come in contact, they adhere to form clumps in which the 
bacilli tend to be arranged side by side. 

Practically all strains of typhoid bacilli isolated from cases of the disease con- 
tain Vi antigen, though exception has been noted, and more than 95 per cent 
of strains isolated from carriers contain it. The antigen tends to be lost as the 
strain is carried on laboratory media and it c\cntually disappears. A scries of 
steps is apparent in this degradation. The strain is at first inagglutinable by O 
antiserum and the first step is the acquisition of O agglu inability, often after 

10 Morgan: Amer. /our. Path , 1943, 19 135. 

11 See the re\ lew by Almon Bact. Rev., 1943, 7 43. 

14 Felix and Pitt- Lancet, 1934, u 186. 

** Bonin and Mcsrobeanu- Compt. Rend. Soc. Biol , 1938, 12S 5. 

** Peluffo. Proc. Soc. Exp. Biol. Med , 1941, 4S.340. 

•* Pijper Jour. Path. Bact., 1941, 53 431. 
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was considerable, but experience lias since si, own that even the use of standard 
ngglutmablc suspensions docs not ensure uniformity of results between different 
laboratories. In an international experiment described by Gardner (1937), in which 
01 sera from cases of typhoid or paratyphoid fever were titrated against 'standard 
suspensions, a surprisingly big variation was observed between the results of the 
four different JaWtories that took part. Owing to technical errors and differences 
of one sort and another, and to the bias of individual workers in reading agglutina- 
tion end-points, it is frankly impossible to expect different laboratories to obtain 
identical results. This conclusion must always be borne in mind when interpreting 
titres recorded by other laboratories. Even in the same laboratory it is always 
wise, when comparing the agglutinin content of specimens of serum taken from the 
same patient at different times, to titrate the different specimens simultaneously 
against the same .susjiension. 

Neither the standard agglutination end-point nor the reduction factor of Dreyer 
is applicable to 0 and Vi agglutinable suspensions. Moreover, it is now clear that 
an antigen cannot at present be used as a standard. The standard must be aa 
agglutinating serum which can be dried and preserved without alteration for a 
long tune (Felix 1950). With such a standard serum a properly prepared suspension 
should agglutinate to titre. Tests are put up at the same time with the standard 
serum and the patient’s scrum, and unless the susjiension u«cd agglutinates to the 
correct titre with the standard scrum, i^ is regarded as unsuitable and must be 
replaced by a fresh susjiension. A provisional International Standard Antityphoid 
Serum, for both 0 ami Vi antibodies, is available (Report 1953, Felix 1951), and 
similar standard agglutinating sera for typhoid and paratyphoid A and B fe'ers 
uro m preparation (Felix and llensted 1951) ; and a provisional standard serum 
for Vi agglutination is issued by the Standards Laboratory for Serological Reagents 
at Colmdalc It is hoped to prepare standard sera against each of the H an 
antigens of the tyjihoid-jiaratyphoid bacilli. 

Before discussing the interpretation of the agglutination test, we must const er 
three main variables that affect the result 


(I) Frequency Distribution of Agglutinins in the Population.— Owing par f 
the occurrence of latent and jiast infections with members of the enteric g r ® u P 
bacilli, partly to previous inoculation with T.A B vaccine, and partly to in ec 
with other organisms of the Satiiioiiella group or with organisms of the _ 

grouji possessing antigenic factors similar to those present in typhoi an 
typhoid bacilli, a certain proportion of the population of a \y country are ^ ^ 
to contain antibodies m their scrum cajiable of reacting to a \ana e j * ^ 

Widal test Frequency distribution studies of II antibodies were ma ® * Chester, 
and Fieldcn (1922) in London, by Smith, McVic and New bold (1930) ini * ‘ Jfl 

by Alves (I93G) in Southern Rhodesia, and by Lcwin (1934) in bou [ a 

addition, Gig! loll (1933a) in British Guiana, Gardner and Stubingto l ^ 
Oxford, Beattie and Elliot (1937) in Edinburgh, and SchivaDaene , 
Carruthcrs (19 13) in London and Cambridge studied the distribu ion ' 0 . type 
We shall select two series with H and two with 0 agglutinins to illustrate 


of result obtained. . , T . .i nq30)o» seW 

Table 118 records the findings of Smith, Mc\ic and I'M™ te , t during 
sent m to the Manchester Public Health Laboratory for a , 0 3V01 J » 

1925 and 1920 We have extracted the figures for females in g agglutinins 
far as possible the effect of T A.B. inoculation It will be seen 
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only one or two transfers. Next the strain loses the ability to stimulate the 
formation of Vi antibody, then agglutinability with monospecific Vi antiserum 
disappears, and finally ability to absorb Vi agglutinins from antiserum is lost 
Kauffmann™ has suggested a terminology for these changes which has been 
generally adopted. A strain inagglutinable in O antiserum is termed a V strain, 
when it agglutinates in O antiserum but retains other Vi characteristics it is a 
V-IV strain, and when a strain gives no evidence of the presence of Vi antigen 
it is designated a W strain. 

The association of Vi antigen and virulence is not clear-cut, and some 
workers have expressed doubts of its validity. Virulence is difficult to measure, 
particularly since typhoid fever is not reproduced in laboratory animals. It may 
be noted that the same antigen has been found in S. paratyphi C, and its 
presence in these bacteria is not correlated with their virulence (in terms of 
minimum lethal dose) for mice, their natural host. Nevertheless, Vi antibody 
has powerful protective properties as assayed by the mouse protection test and 
appears to be somewhat more efficient in this respect, though qualitatively no 
different, than O antibody. Antibody to Vi antigen from bacteria other than 
the typhoid bacillus, such as S. hallerup, protects mice against typhoid bacilli 
as well as antibody to the homologous antigen. 

Bacteriophage Typing. It was shown by Craigie and Yen tT that a number o! 
types of Vi-containing typhoid bacilli may be differentiated on the basis of sus- 
ceptibility to the lytic action of races of bacteriophage. These types and subtypes 
are designated by letters, A, B 1( Bo, C, etc., through T to a total of 24 types. 
There is some cross reaction between subtypes, but very little between types 
These phage types are apparently stable. Craigie and Felix 18 have suggested 
a standardized procedure for phage typing and this or some other should be 
adopted to assure uniformity in results. Typing is readily accomplished by in- 
oculating a series of areas on an agar plate and, after the inoculated areas 
have dried, each is inoculated separately with the type phages diluted to act 
selectively. After incubation an area of lysis is produced by the phage type 
which the unknown strain belongs. Phage typing has been of consider e 
value in epidemiological studies. . 

Variation. The dissociation of the typhoid bacillus into the usual srnoo 
and rough colonial types is well known. The round, domed, bluish w 
colonies observed in blood cultures are the typical smooth form, ww ® 
tough colonies are flatter, with a roughened surface and irregu ar * 
and are more opaque. The rough forms are not necessarily non-moti e, ^ 
in this respect four types may be distinguished, the smooth 
smooth non-motile, the rough motile and the rough non-moti * , e 

transformation is, as in the case of the Salmonellas, associated y? ant jg en 
in the immunological specificity of the somatic or O antigens. 6 ^yitliout 0 

is apparently independent and may be present either V? ^ or 0 f t j, e 
antigen. A series of antigenic combinations is, then, possible, j>r ^ q 
four above types may or may not contain Vi antigen, and om {, Ration . 

antigen and Vi antigen may be present separately or in any c 

I6 Kauffmann. Ztschr. (• Hyg. u. fnfefetionskr , 2935, 116617. 

17 Craigie and Yen Canadian Pub. Health Jour , 2938, 29 44 , 

18 Craigie and Felix. Lancet, 1947, t-823. 
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by Gardner and Stubington (1932) for 50 normal uninoeulatcd persons in Otfor 
and by Beattie and Elliot (1937) for 47 uninoculated students in Edinburgh ] 
is apparent that in Great Britain 0 agglutinins to both typhoid and paratyphoid: 
bacilli tend to occur at a higher titre in normal persons than H agglutinins. I 


TABLE 121 

O Agglutination : British Guiana. 


Percentage of Sera Agglutinating at, or abow 


onu until 

i/jo ! 

1/40 1 

l/so ! 

i/ieo | 

1/320 | 

1 JO 

Salm. typhi O 

1G 3 

3-7 j 

09 

03 

03 | 

0 

Salm. paratyphi It O. ... 

20 3 

S 7 ! 

20 

03 


n 

Salm. paratyphi CO. ... 

194 

w 1 

31 1 

20 



British Guiana, however, ns is evident from Table 121, the reverse appears to 
true. So far as it is justifiable to compare Tables 120 and 121, there b \ ery litt 
difference noticeable, excluding Sahn. paialyphi C, between the O-agglutfwn tit. 
in Great Britain and British Guiana in spite of the great difference in the H-agg u lC 
titres. . . M 

The conclusion that the frequency and concentration of 0 agglutinins in 
parts of the world vary much less than the frequency and concentration 
agglutinins is borne out by other surveys to which we have already re erre 
agrees with our knowledge obtained from immunological studies tha e a ; 
response to specific stimulation with 0 antigens is more transitory an 
H antigens. „ 25 

(2) Stage of the Disease.— Reference to Fig. 28G, p. 1722 and to Figs ' ’ ; 

p. 1278, will indicate that tlie'significance of a positive or nega ive gg ! 
test, or of a positive result to any given titre, varies according to n o 
disease at which the sample of blood is taken. 

'"It is clear that little importance can be attached to a oe g not 

test on a sample of blood taken during the first week of illness. ^ j n cl! 

that a test made at this time is useless. It is often of vn ue s,n ^ ' ns ( ja {e ft 
junction with tests made at a later period, it may enable us ® ^ ^ s r 

a significant rise in agglutinins has occurred ; the d-.mons ra pa rticu] 
has far more diagnostic significance than the demonstration l t j (fe j? 

sample of serum gives agglutination to a particular titre, un cs. 

very high one. • i with regard to the * 

As an illustrative example, bearing in mind our evide sample of* 1 * 1 

tribution of normal agglutinins, let us suppose that wo nnc r g pw 

taken from a patient in the first week of the disease, gives art this 

the typhoid bacillus. If the sample had been taken in BntoU i u g ^ p 
would have almost no significance, since about 1 nomij V more su ggestr 
this titre. If it had been taken in England it would have l* ^ addttl0B , 


this titre. If it had been taken in i^giana n - ; found , m addition, 

only about 1 normal person in 20 wouW Rivethistitrc. ^ ^ ^ 

0 titre of 1/50, the significance of the H fata • of 1/ ' | * ou id be * 

Similarly, a 1/20 H titre against Salm. paratyphi 0 m ^ 8 significant 
.uffiertivi of infection ; in British Guiana it "*£££?£, .1**' 
If, however, we found these titres in a specimen of serum 
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Pathogenicity for Man 

The presence or absence of Vi antigen is not associated with the S-R trans- 
formation, and the gradual disappearance of this antigen on continued culti- 
vation on laboratory media cannot be regarded as a dissociative change. 

The S-R transformation may take place in the body, and it is a common 
experience to find that typhoid bacilli isolated from carriers are spontane- 
ously agglutinable, avirulent, typically rough forms. The relation of this 
transformation to the continued presence of the bacilli in the healthy ear- 
ner is not clear, though possibly associated with the S-R transformation that 
may be brought about in vitro by cultivation in the presence of immune 
serum. 

Pathogenicity for Man. Typhoid fever (enteric fever, Ger., Abdominal- 
typhus or typhus; Fr., la fievre typhmde) was for long one of the most wide- 
spread and important of all bacterial diseases In the United States in 1900, 
there were 35,379 reported deaths from this disease, undoubtedly a low 
figure, and probably some 350,000 cases of typhoid fever in a population of 
76,000,000 — tn the course of a decade perhaps one person in every 20 to 25 
contracted the disease. The prevalence of typhoid fever has greatly dimin- 
ished in recent years, and a large part of this decrease has taken place in the 
large cities. The total deaths from typhoid fever in 93 cities in the United 
States with an aggregate population of 38 million were 385 in 1935, 259 in 
1939, 95 in 1942, 85 in 1943, 73 in 1944, and 87 in 1945. In 1945 56 of 
the cities had no deaths, 31 had less than 1 per 100,000 and only 6 a rate of 
over 1 per 100,000 In the case of 78 cities for winch data are available, the 
rate has fallen from 20 5 in 1910 to 0.2 in 1945. 1,1 In the country as a whole, 
4425 cases and 472 deaths were reported m 44 states in 1945, rates of 3.8 and 
0.4 per 100,000 respectively. Typhoid still persists, however, and epidemics 
occur from time to time, particularly in the smaller towns and rural areas 
Much the same situation prevails in other countries, such as Great Britain. 

The common symptoms of typhoid fever include frontal headache, lack 
of appetite, nosebleed, the development of rose spots on the abdomen, 
muscular weakness and diarrhea Sometimes considered primarily an intes- 
tinal injection, the disease is, in fact, a general invasion of the body, par- 
ticularly of the lymphatic system The intestine is often regarded as the 
main portal of entry of the bacilli into the body, the lymphatic tissues 
in the intestinal wall arc first invaded and the bacilli spread through the 
lymphatic system. After considerable multiplication has occurred (incubation 
period), the bacilli overflow into the blood and bacteriolysis takes place; the 
endotoxins which are liberated as a result of the destruction of the bacilli 
produce the symptoms of typhoid fever. Other evidence suggests that the 
body tissues may be invaded through the tonsils and gastric mucosa, but in 
any case the end result is the same and typhoid fever is a general and not a 
localized infection 

The typhoid bacillus appears in the blood stream early in the disease, 
i e , after the onset of symptoms, and may be cultured within the first ten 
davs in the majority of cases, either from a blood sample or from the clot 
of samples sent in to a laboratory for agglutination tests. The presence of 
typhoid bacilli in the blood, however, does not constitute a septicemia; in 

>s Jour. Amcr. Med. Assn , 1946, 131 817. 
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TABLE 12’ 


PERCENTAGE DISTRIBUTION OF End TlTRES 
paratyphi A and B 


AOAINST Salm. Itjphi 0 AND II AND Sdfo 
H SUSPENSIONS. 


Time *Ince Lust 
Injection of 

T A 11. Vaccine. 

No. of 
8era 
Teeled. 

Suepenulon 

Ter cent, of Sera giving End Tltrw of 

<1/100 

1/100 

<1/200 

1/ZOO 

<1/100 

1/100 

<1/800 

1/800 
<1 '1,600 

1 '1,680 
orortr 

1 week to 

IDS 

TO 

03 0 

5 0 





3 months 


TII 

30 3 

21-7 

23 8 

16-1 

66 

15 



AH 

50 

70 

15-7 

30 3 

29 8 

11-6 



BH 

4 0 

101 

20 2 

24 8 

27 2 

136 

3 months to 

70 

TO 

97-1 

2-9 

_ 




I year 


TH 

37 2 

25 7 

20 0 

12 9 

43 

_ 1 



AH 

15-7 

21-4 

12 9 

300 

14 3 

57 



BH 

100 

10 0 

* w 

28 0 

186 

114 | 

I year to 

20 

TO 

100 0 




__ 




3 years 


TH 

41-4 

310 

13-8 

38 

103 

_ 



AH 

34-5 

— 

20 6 

20 6 

103 

13 S 



BII 

17*2 

20 6 

13 8 

310 

103 

69 | 

Total sera 1 

297 

TO 

96 0 

4 0 



_ 

_ 

— J 

1 n eek to 


TH 

33 0 

23 6 

21 9 

14-1 

64 

i-o ! 

3 years 


AH 

10 4 

101 

15 5 

29-2 

24 2 

M4 1 



BH 

0-7 

1M 

19-9 

2G-2 

23 6 

12 5 J 


timns in the diagnosis of enteric fever in the inoculated subject.*' Nevertheless 
even the study of 0 agglutinins may prove unhelpful or misleading. Dick(l9vl> 
for example, experienced a number of false positive reactions in non-entcnc case , 
and both he and Mole (1948) record the failure of 0 agglutinins to appear or to 
rise m titre during the course of genuine enteric fever. 

' It may be concluded that the only reliable method of diagnosis of enteric K rtr 
in the inoculated subject is the isolation of the causative organism. 

- Summarizing , we may say that agglutinins usually appear in the blood 
the end of the 1st week of illness, increase to a maximum during the 3r ’ 
and persist for weeks or months after convalescence. The result of the test » 
unlikely to be strongly positive in the 1st week, but is nevertheless of value in ^ 
it may be compared with a second test made 5 to 10 days later iu a case in * ^ 
the diagnosis remains doubtful In the uninoculated subject a rising ‘ ^ 
generally indicative of enteric infection * m the inoculated subject H agg u 
are valueless, but a rise in 0 agglutinins in a patient inoculated more than m ^ 
previously is suggestive of active infection, though by no means diagnos ic ^ 
one titre can be accepted as certainly significant. In afpatient, however, 
history of inoculation with T.A.B. vaccine or of previous enteric « io , ^ 

in a country in which the disease is at a very low endemic level, a ti re o 
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fact, probably little or no multiplication takes place. The bacilli are also 
present in the bone marrow early in the disease, and some have urged 
culture by sternal puncture to facilitate diagnosis. During and after the 
second week typhoid bacilli may be found with increasing frequency in 
the feces, and the proportion of positive blood cultures drops off. The 
bacilli are also excreted in the urine in perhaps 25 per cent of the cases 
They may often be found early in the disease in the rose spots, not in the 
Wood but in the lymphatic spaces. 

On autopsy, the intestinal walls are usually found to be extensively ulcer- 
ated, Peycr’s patches and the solitary glands of the intestine being par- 



Fig. 75. The persistence of typhoid bacillus infection as indicated by percentage o 
positne fecal cultures by weeks after onset. Data from 374 cases in New York State W 
sive of New York City by Ames and Robins Amer. Jour. Pub. Health., 194 , 


ticularly involved and containing typhoid bacilli. Perforation of the jntestina 
wall as a consequence of ulceration is a not uncommon occurrence. e 
spleen is enlarged and congested and usually contains large num ers o 
typhoid bacilli. In both the spleen and the liver the^ bacilli seen 
sections occur in groups or masses rather sharply focalized; scattere w 1 


uals are not often found. . . ii v 

A variety of complications may occur. Laryngeal ulcer is occasi 
observed. The gallbladder is not infrequently infected and cystitis som ^ 
occurs Suppurative and inflammatory processes may appear in o i 
of the body. The osseous system seems especially open to attac fQ 
tions of the periosteum, the bone marrow and the joints ha\e en 
infection with S. typhi. Osteomyelitis may develop as long as bacillus 
years after recovery from typhoid fever, indicating that the typ ^ v j rU . 
can remain in contact with human tissues for years without osm ^ 
lence. Other parts of the body are more rarely invaded during typ 
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reached. As Gay (1918) points out, the incidence in Western countries up to abort 
1880 was greatest in the cities, where it varied with the density of the population, 
but after this time the sanitation of the large cities improved rapidly and steadily, 
with the result that the disease became relatively commoner in small towns and 
villages which had not made corresponding improvements in the disposal of excreta 
and the provision of a pure water supply. 


TABLE 124 

Enteric Fever : Esoukd and Wales. Death-rates per Million. 
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32 
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71 
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104 

80 

40 

17 

1921-24 . 

i 3 
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10 

20 

19 20 

17 

16 

16 

13 

3 

1925 . 

1 0 ' 

6 

10 ' 14 

10 

9 

11 

9 

4 

1920 . 

1 2 

5 

11 16 

14 

15 

20 

11 

7 

1927 

l n 

8 

1 

2 11 

12 

14 

12 

5 
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Females : 

| 

1 


1 







1001-10 

30 J 

50 

81 ; 

100 

99 97 

86 

67 

50 

29 


1921-24 

3 

9 

11 1 

19 1 

18 16 j 

15 

13 

7 

9 

3 

1925 . 

1 ' 

£ 

l j 

12 | 12 

13 

11 

12 

7 

7 

1920 . 

o 

£ 


12 7 

12 

11 

11 



1927 . 

4 

3 

l 1 

11 1 9 

10 

14 

12 
















The disease used to be a little more frequent in males than females, particular; 
in the older age groups, but the sex difference was not striking. Since the 
world war. however, the sex incidence lias been reversed (Chauffard el a ‘-^“ j 


As is evident from fable 123, the highest incidence is in adolescence wiur B 
adult life, but the casc-fatniity rate increases throughout life. 


TABLE 123 

Incidence and Fatality of Enteric Fever in different Aoe Groups 
(after Godfrey 2928). 


Age Q roup 


Under 6 . 
i 5-9 . 

10-14 
16-10 . 
20-24 . 

25-29 . 

30-34 . 

35-39 . 

40-44 . 

45-49 - 

60-64 . 

65-69 . 

60 and over 


Incidence <pc reentace of 
coses at all ages) 


4-5 
13 8 
14-3 
14-2 
12 0 
97 
7*7 

63 

64 
39 


C."* Fatality 
i t iccntage. 


8-4 
4-4 
64 
10 2 
125 
13 S 
1C 4 
16 2 
16 2 
19 9 


3-3 

20 

2-9 


22 8 
36 5 



Carriers 455 

but almost any organ can be attacked occasionally. The presence of S. typhi 
has been reported in a brain abscess, and the cerebral and meningeal symp- 
toms occurring in many cases of typhoid fever are directly connected with 
the localization of the bacilli in the meninges — bacilli have been found in 
spinal Quid obtained by lumbar puncture. 

Secondary or mixed infections, especially with the pyogenic cocci and the 
pneumococcus, are not at all uncommon, and sometimes result in serious 
complications. Mixed infections with the tubercle bacillus and the anthrax 
bacillus have also been observed. 

Carriers. About one-third of the individuals having typhoid fever dis- 
charge bacilli for a period of three weeks after the onset of illness and about 
10 per cent for eight to ten weeks; these are known as convalescent carriers. 
A certain proportion continue to discharge typhoid bacilli for six months 
or more, and in many cases over a period of several years or throughout the 
whole of a long life. 

The development of the carrier condition is probably dependent upon 
the invasion of the gallbladder in the case of the fecal carriers and of the 
urinary bladder in the case of the urinary carriers. Fecal carriers are more 
common than urinary earners, and combined fecal and urinary carriers 
are relatively uncommon. It is not known why women are more commonly 
carriers than men In the series studied by Ames and Robins 20 2.1 per cent 
of the males became chronic carriers as compared with 3.8 per cent of the 
females. Age is a factor also, according to the same workers the percentage 
of cases becoming carriers was 0.3 in the 0-9 and 10-19 age groups, but as 
high as 10.1 in the 50-59 age group. The usual estimates for all age groups 
vary from 0.5 to 11.6 per cent. Typhoid bacilli need not be excreted con- 
tinuously; in fact, their intermittent appearance is very common, and weeks 
may elapse with negative cultures before the bacilli reappear. The necessity 
for repeated examinations is, of course, obvious. A majority of carriers give 
the Widal reaction, and in most cases the opsonic index is abnormally high. 
Antibody to Vi antigen is found in the great majority of carriers, but is 
only transitory if present at all in inoculated persons, and the use of the Vi 
agglutination test for the detection of carriers has given encouraging results 

Attempts to cure typhoid carriers by non surgical means, such as chemo- 
therapy, vaccine therapy or bacteriophage, have not been generally success- 
ful, and such procedures arc not generally advocated at the present time. 21 
Removal of the gallbladder under suitable conditions is often effective in 
the case of fecal earners; possibly three-fourths or more arc cured. 

The proportion of typhoid carriers in the general population is not known, 
owing to obvious practical and technical difficulties. It is probably quite 
different in different localities and doubtless depends largely upon the 
prevalence of current and past typhoid infection. By a modified life table 
procedure Ames and Robins 20 estimated a carrier rate of 42 per 100,000 in 
New York State. On the basis of reported deaths and assuming a case 
fatality rate of 10 per cent and a chronic carrier incidence of 2 per cent in 

10 Ames ami Robins- Amcr. Jour. Pub Health. 1943. 33 221. 

11 See the discussion bs- Cutting and Rollon: Jour. Amcr. Med. Assn , 1942. 1 IS 1447; 
Icemster and Smith: Amcr Jour. Pub Health, 1945, 35:368. 
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iually ceased by the time the water supply falls under suspicion. The evident, 
is, none the less, convincing enough. Water-borne outbreaks are general ekr- 
acterized by a typically explosive onset ; the curve of notifications rises suddenly 
and steeply, the majority of the cases developing within a relatively few days 
The curve for the whole epidemic is often characteristically skew, the primary 
cases due to direct infection from the water supply being followed by secondary 
crops of contact cases. ^ Less often, particularly when infection of the water is 
slight and intermittent, instead of an explosive outburst, there is a series of scat 
tered or “ dropping ” cases or small groups of cases occurring over a considerable 
period of time, and affecting only a small proportion of the consumers. Suspicion 
of the water should always arise if building operations have been proceeding <ra 
a gathering ground, or if extensions, repairs or other alterations have been going 
on in the supply services. The infrequency of water-borne outbreaks of pan 
typhoid fever has already been noted. One small but clear-cut outbreak in tic 
little village of Brixworth in Northamptonshire, in which a shallow well water 
was found to be heavily contaminated with paratyphoid B bacilli, was described 
by Jones, Gell and Knox (1942) ; and Savage (1942) gives references to two or 
three other outbreaks suspected of being water-borne. Franklin and Halida; 
(1937) mention one small outbreak in Maryland of paratyphoid A fever in which 
a common well was exposed to infection by a person convalescent from tbediscaw. 
In view of the known survival of paratyphoid bacilli in sewage and the not infre- 
quent access that these organisms must gain to water supplies, their failure, ro 
contrast to typhoid bacilli, to set up disease is most striking. If, however, water 
containing paratyphoid bacilli gains access to a food in which the organisms 
multiply, the disease may follow, as in the milk-borne outbreaks at Wootton w 
the Isle of Wight (Wallace and Mackenzie 1947) and in South Wales (Thom* 1 
et al 1948) Sporadic cases of enteric fever may result from bathing in 
polluted water, but the danger is apparently very slight (see Martin 1947, Stevens® 
1953, Stciniger 1953). . 

''Shell- fish, particularly oysters, are another important source of infection 
typhoid fever, though rarely incriminated in paratyphoid fever.' They are o 
bred or fattened in the sewage-polluted waters of tidal estuaries, and t ey ^ 
usually consumed uncooked. Numerous epidemics are on record whic can ^ 
traced to this source (see Gay 1918), and sporadic cases are likewise com® 00. 
Franco alone Belin (1934) estimated that during the previous fifteen years „ 
than 100,000 cases of typhoid fever had occurred due to theconsump 100 
fish, of which 25,000 had ended fatally. The relation between the cons f ^ 
of shell-fish and the incidence of typhoid fever in a large city uas «wisi ' 
some detail by Niven (1910) m a study of the seasonal prevalence of typno 
in Manchester j massive 

*hlilk ’ follows close on water as an important source of su a . 
herd infection. Ballard, in pre-bactcriological days, adduced good c 
evidence for inculpating a polluted milk supply in a localize cos- 

Schuder (1901), who studied the records of 640 epidemics, attribu 
taminated milk. y 

In this country there are numerous records of milk-borne 
paratyphoid fever/ of which the 1931 outbreak ofpamt^hmd fever^t^PP S 
260 persons and causing 8 deathsJBuliough 1931), an ^ vcrson 3 /inti can'" 1 


rsons ana causing o Z. .■ * ?i« nersona n 

t Bournemouth, Poole and Christchurch affecting at least 118 pc 
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survivors, Anderson, Hamblen and Smith 2 - estimated a carrier rate of *48 
per 100,000 in Massachusetts, and Grey 23 similarly estimated a rate of 288 
in Mississippi. The number of carriers throughout the United States is 
probably decreasing since they arc no longer produced in such quantities 
as when typhoid fever was prevalent. By extrapolation Ames and Robins 20 
calculated that the 2500 carriers in New York State in 1940 would be 
reduced to 200 by 1980. 

Bacteriological Diagnosis of Typhoid Bacillus Infection. The iso- 
lation and identification of the typhoid bacillus is essential in the detection 
of the carrier state and is necessary to establish a diagnosis of typhoid fever. 
The isolation of the bacillus from blood or urine specimens is ordinarily 
a relatively simple matter since the fresh specimen is not heavily con- 



The approximate incidence of positive culture of blood, feces and urine, and agglutinin 
response m typhoid fever. 


taminated. Fecal specimens. ho\vc\cr, contain very large numbers of nc. 
colt and other bacteria and selective as well as differential media are re 9 uir ' 
The procedure is essentially the same as that used for the isolation o ot e 
Salmonella, and includes enrichment culture in Selenite-F broth an ir 
plating on S-S and D-C agars and on MacConkey agar. Blood is usu 
cultured in bile broth or brilliant green bile broth, though cu 
nutrient broth are often satisfactory'. The bismuth-sulfite agar o 
and Blair is particularly useful for the isolation of the typ oi 
for the colonies on this medium are black and distinctive, 
paratyphi B find S. enteritidis also grow as black colonies. e ™ L oent ] v , 
strongly inhibitory and must be inoculated very' heavily, , c0 ” n0t ' a 
colonies may not be pure cultures. Growth on this medium is j n 

satisfactory agglutinating antigen. The medium is difiicu t 0 P 
uniform quality but because of its utility is very widely use . specific 
The typhoid bacillus is identified by biochemical reactions 

22 Anderson, Hamblen and Smith: Amer. Jour. Pub. Health, 1936, 

23 Grey: Amer. Jour. Pub. Health, 1938, 2S.415. 
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lastlng°recovery. ° nSet ^ ““ ° ^“P 40 ® 3 - 01 “V be complete «j 

* •fl ThU f’ '."/f C ° mctt P arat yPboM outbreak in 1010, which was dm to 
trifle infected from o profuse faical and urinary excreter who was probably in tie ran- 
lescent stage of an ambulant infection, of 56 patients admitted to hospital, 7 contracted 
enteric fever after an incubation period of six to twelve da ys; 17 suffered bmasta- 
enteritis coming on 12-72 hours after consumption of the trifle and gradually passed into 
the enteric state ; 17 suffered from gastro-enteritis, recovered more or less completely, 
and then developed enteric fever after an interval of a few days ; 9 suffered from gastro- 
enteritis and recovered completely ; and 6 suffered from no symptoms at all but were 
proved bacteriologically to be infected (Warren 1941). 


Whether the initial gastro-enteritis represents the first reaction of the fees 
to the specific infecting organisms, or whether it is due to other organisms capable 
of causing food poisoning, or to pre-formed toxins, is still in doubt. 

"Human hands are probably the principal agents in the conveyance of typhoid 
or paratyphoid bacilli from f feces to food ; but thero is another agent,’ "'the fij, 
which may be of considerable importance as a carrier when allowed access to 
infected excreta/ Its activities in this direction are particularly dangerous in 
tropical countries, and under the imperfect sanitary conditions which often prevail 
among armies on active service. Heed, Vaughan and Shakespeare (1899) drew 
attention to the clear association between the prevalence of typhoid fever among 
the American troops in the Spanish-American War, and the exposure of excreta; 
and suggested that flies played an important part in the spread of the disease 
The mechanism concerned m the carriage of Sabn. typhi by flies was studied 
experimentally by Firth and Horrocks (1902), Fickcr (1903) and Graham-Smith 
(1910). ''The danger of contamination from the soiled feet, or proboscis, appears 
to be of relatively short duration ; but the observations of Ficker and of Graham* 
Smith suggest that a far more important source of infection is provided by t e 
fly which itself becomes infected, and carries the bacilli for some days W 
intestinal canal/ The observations of Faichnie (2909), who examined fries c*®e 
in infected areas, and isolated typhoid bacilli on several occasions from the eta* 
bodies of the insects after the exterior had been sterilized by flaming, point in ^ 
same direction (sec also de la Paz 1939). Paratyphoid bacilli are said to ® ^ 

for 3-4 weeks in the bodies of mosquitoes and to be excreted in the fences, u 
danger of contracting enteric fever from a mosquito bite seems to be ver) $ c 


(Braun and Ca span 1939) 

The Typhoid and Paratyphoid Carrier. — As has been indicated above, the 
source of enteric infection would appear, in all cases, to he the excro o # ^ 

human being, and this source is seldom remote. ■'There is litto.evi ® 1 . jn 
typhoid or paratyphoid bacilli survive for any length of time on si e ^ 
body under natural conditions/ The mode of survival of the baci jjj 

non-epidemic times, and the starting-point of outbreaks in ocfl ! 1C ^ * r9 0 f the 
long been free from the disease, remained in doubt until t e ear y / .j„ at ion 
present century, when the problem was solved during t e in cnsiv 
undertaken in S.W. Germany under the auspices of Robert ^ but 


auspices ot iwoen .. ^ 

(1900) had previously recorded the case of a urinary carrier o a ' *• 
the full significance of the chronic carrier was not apprecia^a ftnd fa 
of the German campaign were reported. (For an exccllen ^ tftegfe( ifcat 
cussion of these results see Ledingham and Arkwrigh 
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agglutination and must be differentiated from other enteric bacilli which 
cause clinically similar disease. 

Epidemiology. The typhoid bacillus is a strict parasite found only in 
man. Outside the human body multiplication, if it occurs at all, is insig- 
nificant, and for practical purposes may be neglected as a factor in the 
dissemination of the disease. As indicated above, the typhoid bacillus leaves 
the body in the feces or, less commonly, the urine, and enters the body of 
a new host via the alimentary tract The epidemiology of typhoid fever, 
then, is predicated upon the connection between the intestinal tract of the 
infected person and the mouth of the susceptible, and the factors that deter- 
mine the spread of this disease arc, essentially, those arising as a consequence 
of the interrelationships of the individuals or groups of individuals compris- 
ing the host population. The extent of the spread of typhoid is, of course, 
dependent upon the nature of the connecting links between individuals, and 
two epidemiological types of the disease may be distinguished, the one epi- 
demic typhoid, and the other endemic, or residual, typhoid. 

Epidemic Typhoid Fever. Extensive outbreaks of typhoid fever necessarily 
involve a connecting link that is common to a great many people, and by far 
the most important vectors of this kind are water and milk. As pointed out 
elsewhere (Chapter 10), W'ater-borne typhoid fever, formerly all too common 
but by now relatively rare in the larger communities, arises as a consequence 
of the contamination of a water supply with infectious fecal material, cither 
as such or in the form of sewage. Water-borne epidemics of typhoid fever 
occur in the absence of chlorination, filtration and other purification pro- 
cedures and may, of course, be readily prevented. These epidemics tend to 
occur in the cold months of the year, particularly in the winter and early 
spring, and the incidence of the disease is unaffected by age, sex or eco- 
nomic status. 

Milk-borne typhoid fever, at the beginning of the twentieth century 
second only to water-borne typhoid in extent and importance, follows the 
route of the milkman and, as might be expected, tends to occur in the lower 
age groups and in families of higher economic status The general intro- 
duction of the process of pasteurization has practically eliminated milk- 
borne typhoid fever from the larger urban centers, but epidemics continue 
to occur from time to time in various parts of the country. 

Food-borne typhoid fever may take on epidemic proportions in certain 
instances. Oysters and other shellfish haic come into bad repute in this 
respect m recent years, for a number of typhoid epidemics in Great Britain 
and the United States have been found to be due to the eating of oysters 
grown near sewer outfalls or placed to “fatten" in the polluted waters of 
estuaries or creeks. Watercress, lettuce, radishes or any vegetables or fruits 
which are liable to come in contact with contaminated water or arc sprayed 
with human excrement may pile rise to small-scale epidemic typhoid fever. 

Endemic Tjphoid Fcier. Although epidemic typhoid fever is largely elim- 
inated in a given community through adequate sanitary control of water 
and milk supplies and such food supplies as are susceptible to the applica- 
tion of effective control measures, the disease remains in an endemic form 
which is manifested as occasional cases or small groups of cases which 
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proportion of permanent carriers of typhoid bacilli. Our knowledge, howmr is 
still very deficient, and all our conclusions must be expressed with caution i’e 
may deal first with the typhoid carrier. 


Lentz (Iflft,) found that 4-5 per cent, of 400 typhoid convalescents excreted Sola, 
typht for more than ]0 weeks, and 3 per cent, for longer than 13 month. Bruckw; 
(1910) found 12 carriers among 3IG persons who had suffered from typhoid fever in premu 
years. Kayser (1907) carried out a re-examination of specimens of h tine faceo Has 
101 persons who had passed through an attack of typhoid fever at least one year earh% 
and had been discharged as free irom bacilli ; 3 of these were found to be again excreting 
the infecting organism. Gill (192 7) refers to the finding in Alabama of 9 5 per cent. of 
chronic typhoid carriers among a group of 348 persons who had suffered from typhoid 
fever or from continued fever of several weeks’ duration more than a year previously. 
Gray (1938) in Mississippi found that of 244 proved cases of typhoid fever, 8 cwiiinutcl to 
excrete the bacilli for over a year ; it is to be noted that several patients excreted the 
bacilli for 3 to 9 months after recovery, but ceased to do so after 13 months. Ames and 
Robins (1043) in Now York Stato refer to 90 chronic carriers resulting from 3.130 typhoid 
patients notified during the years 1930 to 1939. Morzycki (1949) in Poland, who examined 
10,402 typhoid convalescents, found that 1-3 per cent, of males and 2 per cent, of females 
were still excreting the organism two yearn after the attack. 


From these figures it is fairly clear that atoufc 3 per cent, of recognized clinical 
cases of typhoid fever become permanent carriers, though the proportion may » 
some places be higher/ 

Klinger in 1909 summarizing the results obtained to that date, gives reeords^ol 
431 carriers; 211 of these did not excrete the bacilli for more than three months; 
excreted them for a longer time. The distribution of these carriers, according to «*» 
and according to the presence or absence of a history of typhoid fever, was as 


Carriers of less than 3 months’ duration 
(a) History of attack . 

(5) No history of attack 
Carriers of more than 3 months’ duration 

(a) History of attack . 

(b) No history of attack 


31 

68 


33 

6 


143 

39 


Two points of interest emerge from this distribution : (a) the high, P r0 P 
of carriers in the first group in which there was no history of a previous & 
and (6) tie striking preponderance of females among the second group o ^ 
The difference between the sexes is of the same order as thc.fc note or i 
rence of gall-stones. ' Klinger's figures also show that transitory c * rr “\ y| c or 
mainly in children and young adults, chrome earners among those m 

later life . copulation 

Our information on the frequency of typhoid carriers among 
at Iarce is somewhat scanty. ^ ttyp& 0 ^ 

jresenta* 

fevt^ C33« 

clinical symptoms, either before or after the isolation ui ^ « cas0 did ifc* 

bacilli were found onco only. In 2 they «ro found 3 limes , b I(M 1.1 

persist longer than 14 days. The other 4 earners <o{ S»W”S 2 
passed through an attack of typhoid fever in pm™ • ™ rt tte d«c owf 
kistory could be obtained. Welch, Dehler and ft, B* 

39 carriers of Salm. typki during the examination of I, pe 
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appear from time to time. The seasonal incidence is quite different from 
that of water-borne typhoid; the marked increase in incidence in late 
summer and early fall is not explained (Fig. 76). The source of infection is, 
of course, the case, frank or ambulatory, or the healthy carrier. Instances 
of direct, contact infection are unquestionably more common than is gen- 
erally recognized, and the dissemination of typhoid bacilli from the infected 
individual to his immediate associates is undoubtedly responsible for the 
majority of cases of residual typhoid. Carriers are, of course, of particular 
importance in this connection in that they constitute semipermanent fori 
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of infection and, when employed as food handlers, may be the ^ ^ 
small epidemics. The most notorious instance o t is ^ ^ gome 

Mary Mallon, "Typhoid Mary,” who was unlmowingly me { 

twenty-six cases of typhoid fever in seven different ami i > - assl ime 

circumstances, such as prevail among troops, contact in 
epidemic proportions. , . , . . .1 » w* few decades 

The reduction in the prevalence of typhoid fever in grcat water- 

(Fig. 77) is attributable almost entirely to K st \\\ occur, and 

home and milk-borne epidemics. As noted above, p knowledge, 
their control is a matter of putting into P^ cnce , eXl ^ .'Ll. t h e detection 
sidual typhoid, however, is much more difficult 0 Carriers as food 
and supervison of all carriers, or even the ebmina i t | iat with 

handlers, is a practical impossibility. There is re3 !° . .^ e proportion 

continued control of epidemic typhoid fever, the re 
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proportion of permanent carriers of typhoid bacilli. Our knowledge, howeier is 
still very deficient, and all our conclusions must be expressed with caution if, 
may deal first with the typhoid carrier. 


Lentz (1905) found that 4-5 per cent, of 400 typhoid convalescents excreted Sain, 
typhi for more than 10 weeks, and 3 per cent, for longer than 13 months. Bruckner 
(1910) found 12 carriers among 31G persons who had suffered from typhoid fever in previous 
years. Ivayser (1907) carried out a re-examination of specimens of urine and faces from 
101 persons who had passed through an attack of typhoid fever at least one year earlier, 
and had been discharged as free from bacilli ; 3 of these were found to be again excreting 
the infecting organism. Gill (1927) refers to the finding in Alabama of 9 5 per cent, cf 
chronic typhoid carriers among a group of 348 persons who had suffered from typhoid 
fever or from continued fever of several weeks’ duration more than a year previously. 
Gray (1938) in Mississippi found that of 244 proved cases of typhoid fever, 8 continued to 
excrete tho bacilli for over a year ; it is to be noted that several patients excreted the 
bacilli for 3 to 9 months after recovery, but ceased to do so after 12 months. Ames and 
Robins (1943) in New York State refer to 90 chronic carriers resulting from 3,130 typhoid 
patients notified during the years 1930 to 1930. Morzyciu (1049) in Poland, who examined 
10,402 typhoid convalescents, found that 1 3 per cent, of males and 2 per cent, of females 
were still excreting the organism tno years after the attack. 


31 

58 


33 

5 


From these figures it is fairly clear that afcout 3 per cent, of recognized clinical 
cases of typhoid fever become permanent carriers, though the proportion may w 
some places be higher/ 

Klinger in 1909 summarizing the results obtained to that date, gives records of 
431 carriers; 211 of these did not excrete the bacilli for more than three months; " 
excreted them for a longer time. The distribution of these carriers, according to 
and according to the presence or absence of a history of typhoid fever, was as fol ows . 

Males 1?™*' 

Carriers of less than 3 months’ duration 

(a) History of attack .... 

(b) No history of attack 
Carriers of more than 3 months’ duration 

(а) History of attack .... 

(б) No history of attack ... 

Two points of interest emerge from this distribution : (a) the high P r0 ^?* j. 
of carriers in the first group in which there was no history of a previous ^ 
and (6) tlie striking preponderance of females among the second group 0 

The difference between the sexes is of the same order as that note or 
rcnce of gall-stones ' Klinger’s figures also show that transitory cam ‘ ^ cr 

mainly in children and young adults, chronic carriers among ose ,H 
later life. P opuIali° n 

Our information on the frequency of typhoid earners among 

at large is somewhat scanty _ hich typhott 

Klinger (190G) examined tho excreta of 1.700 persons, living m an " prcse ntfd 

fever was endemic, and isolated Salrn. typhi in 15 cases. E even 9 cases ^ 

clinical symptoms, either before or after the isolation of the bacuu. ^ (bt , 

bacilli were found once only. In 2 they were found 3 tunes; ^ w 

persist longer than 14 days. The ether 4 earners were of the ! W 

passed through an attack of typhoid fever in P re ™ us the discord 

history could be obtained. Welch, Dehler and < )9 -« 0 ^„ g a S e d in «* ^ 

30 camera of Salm. typhi during the examination of 1, 7 pe 
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of carders may well be reflected ’in a reduced incidence of the disease in the 
endemic form. 

Pathogenicity for Lower Animal-. The injection of typhoid bacilli 
into c.\perimental animals produces much the same effect as the injection 
of colon bacilli. When introduced into the peritoneal caOtv m considerable 
quantity many strains produce sjniptorrs of a mm^pui/ic <Jwr.icrcr and 
a fatal outcome. Although a genuine but ‘light imilUphtition of the hicilh 
takes place and attests the occurrence of a true ii.fc(ti<>n. neither the svmp 
toms nor the lesions of this intrapcnton.nl typhoid Kar any cloe resrm 



blance to the typhoida! processes in min. Tht viruhnrt. <• 
bacillus for mice on iniraperitoneat inueuntn n is ri'a ,J 
level, only a few hundred suiting to pndiKc a Ltil ■ 

sion in 5 per cent mucin (see Arnn studus Ul • • ‘- 1 ’ 1 ^ 

was able to set up an infection In fading until < es * rn '*‘ l 
bacilli to fasting rjbhits and rats lnit with «* u { ' *' v 
clinical picture of human typhoid. Osbits bne n f r ' x ,u ' 
of characteristic typhoid Imam m the d« sun m 1 
cultures in milk jticI broth It *nty be n o, .c ***** t .s 
produced in the rabbit by intravenous Uvoina* •• ' 

rise gallbladder, where ihcv mat pers't f«' ir ' CT * l ' , 
mined, howeser, that typhoid fever a< it exists m rru. 
duird in the experimental animri. 
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were still excreting the bacillus after six months. In an outbreak at Liverpool, Glass 
and Wright (1937) found that the rate of clearance of paratyphoid bacilli from the feces 
was most rapid during the second month ; about 4 per cent, of convalescents were still 
excreting the organisms after 15 weeks. In a later outbreak at Liverpool, described by 
Holt, Vaughan and Wright (1942), the proportion of patients who continued to excrete 
paratyphoid bacilli after 16 weeks was 5 per cent. The rate of clearance, however, may 
be much more rapid. In the Bristol outbreak of 1940, for example, described by Davies, 
Cooper, Wiseman and Davies (1940) the proportion of carriers had fallen to 6 9 per cent, 
after six weeks, as opposed to figures of 67 and 44 per cent, respectively for the two Liver- 
pool outbreaks just quoted. In the Kettering outbreak described by Gell and Knox 
(1942), 3-6 per cent, of the patients were still excreting paratyphoid B bacilli after seven 
months, and in the Jarrow-Hebhurn outbreak described by Kennedy and Payne (1050) 
1-4 per cent, after five months ; for 501 paratyphoid convalescents examined by Vogelsang 
and Boe (1948) at Bergen, the corresponding figure was 3-6 per cent, after three months. 
These figures are not all strictly comparable owing to the different methods of estimating 
the clearance rate. As pointed out in a valuable article by George, Harvey and Scott 
Thomson (1953), the clearance rate should be based not on the total number of cases, hut 
on the number known to be positive at the week under consideration 

The proportion of chronic carriers of paratyphoid B bacilli is still a matter of 
conjecture. Gill (1927) mentions that among 348 persons who gave a history of 
typhoid fever or of continued fever*rf year or more previously, 12 carriers of para- 
typhoid A or B bacilli were found. There is reason to believe that most of these 
were paratyphoid A carriers, but the exact figures are not given. All we can say 
at present is that chronic carriers of paratyphoid B bacilli do occur, but that their 
frequency is unknown.'' 

There is little exact information on the duration of excretion of paratyphoid A 
bacilli, but the observations of Bumke (1926) suggest that'fhese organisms disappear 
from the feces at a considerably greater rate than typhoid bacilli. 

The literature contains numerous and well-authenticated records of the danger 
of the chronic earner. For accounts of such classical instances as the case of the 
Strassburg Master-Baker’s Wife, the case of the Folkestone Milker, or the case of 
“ Typhoid Mary,’’ the student is referred to the excellent monograph of Ledingham 
and Arkwright (1912), and to a paper by Soper (1939). It need only be noted that 
in these, as m almost all subsequent cases, the earner who has achieved publicity 
has been in some way concerned with the handling of food, and that a large pro- 
portion of milk -borne epidemics, or small outbreaks due to the consumption of sue 
food-materials as ice-cream, have been traced to a carrier who has been concerne 


in their handling or transport. 

Laboratory Detection of the Carrier. — In searching for a typhoid carrier among 
a given sample of the population, much help will be obtained by testing t e 
serum of all suspects for agglutinins before proceeding to the cultural exanuu 
ation of feces and urine carrier often shows the presence of H or O agglutinins, 
even though only m low titre ; but the H agglutinins will afford no usefulinformation 
if the person has been inoculated with TAB The observations of Fe ,x ( 
showed that much greater value attaches to the demonstration of i agg 11 Ir ** 

In chronic typhoid carriers the frequency of a positive Vi reaction m e 
appears to be very high, though in transitory carriers \ i agglutinins are “ 
present only in low titre or may be absent. Felix’s observations kers 

by Eliot (1940), Eliot and Cameron (1941), Klein (1943) and several other Mil 
(see Pijper and Crocker 1943). “It is clear, however, that though probaby 
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Immunity. An attack of typhoid fever confers a certain degree of immu- 
nity, although instances of two or even more attacks in the same individual 
are not unknown. Animal experiment has shown that it is possible to obtain 
a high degree of immunity in rabbits and guinea pigs against intraperitoneal 
inoculation. The immunity is associated with the development of humoral 
antibodies such as agglutinins, precipitins and the like. Lysin is also pro- 
duced, and, like the cholera vibrio, the typhoid bacillus undergoes visible 
dissolution and disintegration in the peritoneal cavity of the immune animal. 

In man recovery from typhoid fever is also accompanied by the appear- 
ance of demonstrable antibodies. In most instances agglutinins appear during 
the course of the disease, sometimes as early as the fifth day (over 90 per 
cent by the fourth week), and their presence is the basis of the Widal test 
used for diagnostic purposes. 

In its original form the Widal test was a slide agglutination test, and 
agglutination of typhoid bacilli by patient’s serum in a dilution of 1:50 or 
more was considered positive. The development of knowledge of the anti- 
genic structure of the typhoid and paratyphoid bacilli in recent years has 
resulted m a somewhat better understanding of the value and limitations of 
the agglutination test in the diagnosis of typhoid fever. At the present time 
the test is a macroscopic one and is carried out with both H and 0 antigens. 
The interpretation of a single such test must take into consideration ancil- 
lary data such as a previous immunization or attack of typhoid fever, the 
prevalence of endemic typhoid in the general population, etc. It is, there- 
fore, difficult to set arbitrary limits, in most instances an 0 titer of 1:100 
and an H titer of 1 : 200 may be regarded as significant. A point of some 
interest is the lack of sharp antigenic specificity of human sera as compared 
with the specificity of experimentally produced rabbit antisera. 

The interpretation of the Widal test in immunized persons is often dim 
cult, since both H and O agglutinins are formed in response to the vaccine 
Titers fall after immunization, of course, but may persist at moderate exes 
for many months. Furthermore, the agglutinin titer may rise in anamnes t 
response to a febrile condition. The extent to which this occurs ,s n 
definitely known and some data suggest that it is significant whi e o ^ 
do not. Such an anamnestic reaction is particularly prone to occur in >P ^ 
fever, and typhoid agglutinin titers as high as 1 800 have been o ser 'fj- c 
There is some evidence that an ‘‘agglutinin curve, obtaine > P c 
agglutinin titrations, has diagnostic value in that it continues to 
typhoid fever but usually does not do so in the anamnestic reaction. ^ 

Prophylactic Inoculation. Man may be actively immunize ag . % 
phoid fever by the parenteral inoculation of killed typhoi , ac tect ; on 
typhoid vaccination has had its widest application thus far in it e mUSt 
of soldiers in the field, for, owing to the conditions under \\ * c , ^ 

live in the field or on the march, the likelihood of typ ioi 6 : nC jdence of 
Mass immunization has effected a remarkable reduction in t e ^ t fic 
typhoid fever among these men. For example, in 189 « jn , 

Spanish-American War, 4422 cases of typhoid ana 2 similar 

divison of 10,759 men; among 12,801 vaccinated men un 

25 Supfle: Arch. f. Hyg. u. Bakt , 1943, 129:158. 
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tributary sewers, and thence to the drains from individual houses, it is often 
possible to demonstrate the actual house in which the carrier is living (see also 
Lendon and Mackenzie 1951, Moore et al. 1952). 

The epidemiological significance of the carrier state, whether transient or per- 
manent, is much enhanced by making use of th c'iacieriophage method of typing, 
employing the scheme devised by Craigie and Felix (1947) for typhoid bacilli and 
by Felix and Callow (1951) for paratyphoid B bacilli. As this subject has already 
been discussed in Chapter 30, we need do no more here than remind the reader 
that the susceptibility of a given strain to lysis by the bacteriophage is intimately 
associated with the Vi antigen, and that the different bacteriophage types are 
remarkably specific. For the value of the method in epidemiological investigations 
reference may be made to papers by Cruickshank (1947), Martin (1947), Felix 
(1951a) and Felix and Anderson (1951b) in this country, Crocker (1947) in South 
Africa, Desranlcau (1917) in Canada, Henderson and Ferguson (1949) in the United 
States, and Joe (1949) in Indonesia, and for a review of the carrier problem in 
general to the monographs by Ledingham and Arkwright (1912) and Browning and 
his colleagues (1933). 


Prevention of Enteric Fever. 

General Measures . — Typhoid and paratyphoid fever are specifically human 
diseases, and the ultimate source of infection lies in the human patient or carrier/’ 
As in other infectious diseases, the general problem of prevention consists in eradicat- 
ing the source of infection, and in blocking the various routes by which the organism 
may gam access to the body. 

Eradication of infection at the source implies successful treatment of the patient 
and prevention or cure of the carrier state. Treatment with chloramphenicol, 
which is referred to later, is helpful during the acute stage of the disease, but is of 
little or no use for the chronic carrier Experience, however, has shown that a 
Tiigh proportion of both typhoid and paratyphoid carriers can be freed from their 
infection by cholecystectomy'(see Browning et al. 1933, Vogelsang and Boe 1948). 
Since persons who have been excreting the bacilli for over a year seldom clear up 
spontaneously (but see Littman et al. 1948), this operation should be seriously con- 
templated for all chronic carriers. The bacilli may be found in the feces for a 
time after the operation, but eventually disappear (sec Littman et al. 1949). In 
the occasional carrier, however, even removal of the gall-bladder proves a failure , 
it is not yet clear in what part of the intestinal tract the focus of infection persists, 
though there is reason to believe that it is the biliary passages of the liver. ^Urinary 
carriers present much less of a problem , the urine can usually be sterilized y 
appropriate antibacterial agents with resultant permanent cure. 

Apart from curing the chronic carrier, much may be done to recognize t ® 
carrier state and to institute suitable measures of control. The most practica e 
method of doing this is to follow up each convalescent patient. 


Before discharge from hospital the patient should have his blood examine 
agglutinins ; these will normally be found in about half the convalescent cases. 1 
are absent m a titre of 1/5, nothing further need be done; the patient may sti eex ^ .. 
typhoid bacilli in the feces or urine, but is unlikely to continue to do so or ' 

on the other hand, Vi agglutinins are present, a second serum examma ions 
made three months later. Disappearance of the Vi agglutinins or a consi er 
titre at this stage may be regarded as satisfactory. Persistence of e ong 
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conditions during summer maneuvers at San Antonio, Texas, in 1911, only 
one case developed. Similar results have been obtained in the armies of 
other nations, and the efficacy of typhoid immunization is undoubted. 
Typhoid vaccination has been compulsory in the United States Army since 
1911, and the result has been the practical disappearance of the disease. 2 '’ 
The immunity so developed is not absolute, of course, and may be broken 
down by large doses of typhoid bacilli, typhoid fever in immunized personnel 
of armies is oliserved from time to time.*' 7 
The vaccine ordinarily consists of a saline suspension of killed bacteria. 
The microorganisms arc grown on the surface of agar culture media and 
after eighteen hours’ incubation are washed off with sterile physiological 
salt solution and killed by heating to 55° to 56° C. for one hour. The sus- 
pension Is standardized by counting the number of bacteria and then dilut- 


first consists of 0.5 ml. or 500 million bacilli, and the second and third 1 ml. 
or I billion bacilli each. As a rule, the reaction following inoculation is not 
severe, although fever, chills, nausea and nervous symptoms may be ob- 
served. At times it has been found advantageous to immunize simultane- 
ously against the paratyphoid infections as well. Such vaccines, known as 
TAB vaccines (typhoid, para A and para B), arc standardized to contain 1 
billion typhoid bacilli, 250 million paratyphoid A bacilli and 250 million 
paratyphoid B bacilli per ml. Under exceptional circumstances still other 
microorganisms have been added to typhoid vaccines. 

While the effective immunogenic potency of typhoid vaccines can, in the 
last analysis, be measured only by field trial, protection against the experi- 
mental infection of mice with bacilli suspended in mucin has been useful. 
The active and passive mouse protection tests have been used by workers in 
the United States Army Medical School in extensive studies directed toward 
improvement of the immunizing antigen. 2 " It is reasonably well established 
that antibody to the O antigen is protective while that to the // antigen h 
not, and it is also clear that antilxxly to Vi antigen is protective agaifW 
infection with Vi-containing bacteria In general, then, the vaccine should 
contain adequate amounts of undenatured O antigen and its immunizing 
potency may also 1 ye reinforced by the presence of Vi antigen since most 
strains of typhoid bacilli isolated from human infections contain it, 'J In- 
Army investigations have shown that highly immunogenic strains of the 
typhoid bacillus arc highly virulent and conclude that such strains should 
be used for vaccine preparation. The classic Rawlings strain was found to b 
inferior as assayed by mouse protection and a highly virulent, Vi conuuuiv 
strain. No. 58, has been substituted for it in Army vaccine. Suby/ju u 

M The Army experience to 1942 with prophylactic inoculation has h nn fcuir./,.' / 
by Callender and Luippf.Id. Jour, AmeT. Med, Assn , 1943, 123 319, 

For experience in World War JI sec, for example, Jordan and Jones , ✓ - 
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troops stationed abroad. These figures were analysed in a valuable paper by Greenwood 
and Yule (1915), to winch reference should be made by all those who are interested in 
the general question of interpreting statistical evidence of this kind. Employing the 
method of the fourfold table, and including as inoculated all those who had received 
typhoid vaccine at the time of the last available return, the results are set out in Table 127. 

TABLE 327 


Incidence of Typhoid Fever in Inoculated and Uninoculvted Persons. 



Not Attacked. 

Attacked. 

Total. 

Inoculated. , 

10,322 

66 

10,378 

Not inoculated 

8,664 

272 

8,030 

Total .... 

18,98G 

328 

19,314 


X* = 180 33 
P=s loss than 0 0001. 


The value x* * 3 a measure, devised by Pearson, of the probability that tho distribution 
actually observed might have arisen as the result of chance ; as x 1 increases, this prob- 
ability decreases. Tho value P gives this probability in the usual numerical form. 
In tlvU particular case the odds are greater tlian 9,999 to 1— actually they are much greater 
— against the observed distribution having arisen as the result of chance. Re-examina- 
tion, however, of this report renders it very doubtful whether these results can be taken 
at their face value (Cockbum 1953). The method of carrying out the investigation was 
not such ns would bo approved now with our greater knowledge of the inherent fallacies 
of field trials. For example, the vaccinated group consisted of volunteers ; inoculation 
w as often carried out during or after an outbreak of enteric fever in the unit ; the duration 
of exposure of the vaccinated and uninoculated groups was not recorded and was almost 
certainly different ; and the diagnosis between typhoid and paratyphoid fever was not 
always clearly established. 

War conditions provide an admirable breeding ground for enteric fever ; and it might 
have been expected that the war of 1914-18 would have yielded a final proof of the efficacy 
of antityphoid inoculation and a close measure of its exact protective value. There was 
in fact a great reduction m the incidence of typhoid fever on that observed in the Boer 
War, the incidence being only 2-35 cases per year per 1,000 strength as compared witi 
105 previously (see Harvey 1929). But the conditions prevailing in tho two wars were 
very different and the records were not altogether satisfactory. Moreover, as Spooner 
(1953) pointed out to us, between the two wars the Army adopted chlorination of water. 
Direct comparison, therefore, of the incidence of typhoid fever between 1899-1902 an 
1914-1918 is unprofitable. On the other hand, comparison of the incidence, of typhoid 
and paratyphoid fever in the first world war is worth noting. During the period in w ic^ 
antityphoid inoculation alone was being practised the morbidity from typhoid fever 
the inoculated was 0 95 per 1,000 and among the uninoculatcd 10 35 per 1,000. ® 

corresponding figures for paratyphoid fever were 21-5 and 39 8 per 1,000. If the recor 
are reliable, it looks as if antityphoid inoculation afforded some protection agains P 31 ^, 
typhoid fever, which in view of the partial sharing of the O antigens of the typ ' 01 
paratyphoid B bacillus is not surprising. The fact, how ever, that the incidence o JP 
fever was reduced nearly 11 -fold in the inoculated compared with a ret uction >n P® 
typhoid fever of less than twofold may perhaps be interpreted in favour o ie p 


value of inoculation. . 

There is evidence, as might reasonably be expected, that the decrease m m 
from typhoid fever was associated with a lowering of the case-fata i y ra • ( 

1,728 inoculated patients in the British armies in France this was 4-57 per cert . a 
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work 20 has suggested that the vaccine may be further improved by fortifica- 
tion with Vi-containing extracts but such possibilities are still in an experi- 
mental stage. Presumably results based on mouse assay may he applied to 
man but as yet there is no definite evidence that vaccine prepared with strain 
No. 58 confers a more effective prophylactic immunity in man than Rawlings 
strain vaccines. 

At the present time typhoid vaccines prepared in the United States must 
conform to an immunogenic potency standard based on the active mouse 
protection test. ‘'Each of 30 or more mice of any susceptible strain, 6-8 weeks 
old and weighing 14—16 gms., is given 0 5 ml. of a 1:10 dilution of the vac- 
cine intrapcritoneally. Equal numbers of male and female mice should be 
used in each group. Fourteen days after the injection of vaccine the mice are 
divided into three groups of not less than 10 mice each, one group to recehe 
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Fig. 78. Alcatigettes fecalts. Smear from a pure culture. Fuchsin; X 1050. 

approximately 100,000, one group approximately 10,000 and the third 8 r0U P 
approximately 1,000 lethal doses of virulent typhoid bacilli (16- 0 , 

old) suspended in 5 per cent mucin.” At least 50 per cent of the mice s o 
be protected against not less than 10,000 lethal doses of organisms. 

Another type of antigen, consisting of a formalized solution o 
substance of typhoid bacilli and designated endotoxoid vaccine, as 
used in recent years with encouraging results, 30 but it is not as > 
how this antigen compares with whole bacilli. . . , arcn . 

As indicated above, typhoid vaccines are ordinarily ad minis er 
terally, by subcutaneous injection. It has been contended by sotu ^ ^ 

that oral administration of the vaccine together with a sma q . wa jj^ 
bile, which presumably increases the permeability of t e in ^ .j er chap- 
produces an equally effective immunity. As pointed out in a ” . u * ne n0 
ter, oral vaccination is a highly uncertain method of inocu a 1 

39 Luippold: Amer. Jour. Pub. Health, 1946, 36:15. Affirm Inst. M«b ’ 

30 Grasset. Brit. Med. Jour., 

1945, 9:163. See also Morgan, Favorite and Homeff. Jour I 
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1953) confirmed Felix’s contention that it is superior to the phenolized product. 
In the original dosage it gave rise to rather less local, and considerably less con- 
stitutional reaction than the phenolized vaccine {Climic 1942, Report 19426, Drys- 
dalc 1947). After the war, however, the strength of the vaccine was doubled, and 
no difference was then observable in the reactions caused by the two vaccines. 

The preparation, standardization and testing of typhoid vaccine require great 
care ; otherwise erroneous conclusions on its value may easily be reached. We 
have insufficient space to consider this subject here, and would refer the reader 
to the paper by Felix (19516) for a description and critical discussion of the numerous 
technical processes concerned. ''Suffice it to point out firstly that suitable strains 
must be selected having not only a high content of Vi and 0 antigens, but the 
ability to retain these antigens undiminished in artificial culture f and secondly that 
in comparing vaccines for their immunizing potency passive protection tests in 
mice are more sensitive than active protection tests. 

Alcoholized vaccine should be stored in the refrigerator. Under these con- 
ditions it appears to retain its power of stimulating Vi and 0 antibodies unimpaired 
for at least 10 years (Felix and Anderson 1951a). The keeping quality of vaccines 
preserved with 0’5 per cent, phenol or 0 3 per cent, tricresol is difficult to estimate 
Judged by their ability to stimulate the production of agglutinins in rabbits or to 
protcot mice against infection with living organisms, these vaccines, if stored at 
a temperature under 10° C., seem to undergo little deterioration in potency over 
a period of 3 years (McCoy and Bcngtson 1920, Perry ct al 1931a, Mishulow et al 
1937, Babudien 1939) ; though Felix and Anderson (19516) found that a phenolized 
vaccine after storage for 10 years at 1-2° C. had lost the small power it originally 
possessed of stimulating the production of Vi antibodies. 

In South Africa an endotoxoid T.A.B. vaccine has been extensively used, prepared 
according to tho method described by Grasset and Gory (1927a, b) and Grassct (1931, 
1935). This consists essentially in washing off a 48-hour agar growth with distilled water, 
killing the organisms by heat at 58° C. for 30 minutes, breaking them up by four successive 
heatings and freezings, and finally rendering tho endotoxin so obtained non-toxic by 
incubation for a month in the presence of 0 1 per cent, formalin. The endotoxovi can 
be given in larger doses than vaccines of whole bacilli. According to Grasset (19386) the 
vaccine was used for the inoculation of about 400,000 persons with more satisfactorj 
results, judged by the diminution in the case incidence and case-fatality rates, than 
those previously obtained from ordinary T.A.B. vaccine. Grasset’s claims seem to be 
bomo out by the experience of the South African troops in the North African campaign, 
which fared as well as those inoculated with tho British Army vaccino (Boyd 1943 ). 

Kounlsky, Kourilsky and Boivin (1939) tried to make a vaccine from the pure gjco 
lipid somatic antigens of the typhoid bacillus, but were unable to reduce the toxicity o 
the preparation sufficiently. Morgan, Favorite, and Horneff (1943), however, repore 
success in the preparation of a suitable purified antigen. 

Whatever vaccine is used it is desirable, if immunity is to be maintained at a 
high level, to re-inoculate subjects every 2 to 4 years. For this purpose one ose 
is sufficient. 

Siler and Dunham (1039) of the American Army recommend a single dose of 0 Ij m- 
(100 million organisms) of the phenolized vaccine injected intradermally ; accor 1 » 
their findings, this provides an adequate stimulus, and gives rise to less loca an con 
tional reaction than the larger dose w hich is usually giveti subcutaneous y. e a 
vaccine is not suitable for intradermal injection. 
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advantages over parenteral injection Vaccination by the oral route is seldom 
practiced. 

Passive Immunization. The use of antityphoid serum for therapeutic 
purposes has been considered by a number of workers, but there is still no 
conclusive evidence as to its value. Whether or not “antiendotoxic” sera 
or other typhoid antisera confer a passive immunity to typhoid infection 
in man is likewise not established 

ALCALIGENES FECALIS 

Alcaltgenes fecalis or Bacterium fecalis alcaligenes closely resembles the 
typhoid bacillus morphologically, culturally and even in its growth on Endo, 
Conradi-Drigalski and malachite green differential media. It has been found 
in feces and in water. It differs from the typhoid bacillus in the possession of 
one or more polar, instead of many peritrichous, flagella, more luxuriant 
growth on potato with a brown coloration; and distinct alkali production in 
mannitol and litmus milk It fails to produce acid from dextrose and other 
carbohydrates It has been suggested that Bact. alcaltgenes is a form of Brie*. 
fluorescens non-ltqnefaciens which has lost the function of pigmentation, 
and it does have affinities with certain of the plant pathogens and soil bac- 
teria. Its systematic position has been examined critically by Conn 31 who has 
proposed a new genus, Agrobacterium, to include this bacillus together with 
Bacterium radtctcola and the bacterium of hairy root disease. Other species 
have been described as occurring in the intestinal tract, viz., Alcaligenes 
metalcali genes, Alcaligenes bookert and Alcaligenes recti, but these are not 
ordinarily differentiated from Alcaligenes fecalis. Other varieties, Alcaligenes 
I'iscosits and Alcaligenes marshalhi, are found in dairy products and produce 
a slimy alkalinity and ropiness in milk. 

Alcaligenes fecalis is only feebly pathogenic for experimental animals and 
presumably also for man Human infection is obsened in rare instances, 
however, in the Form of mild typhoid-like disease, bacteremia and cystitis. 

S1 Conn Jour Baci , 1942, 44 353. 
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season to another. A considerable proportion ol the eggs laid by such birds arc 
infected with Sahn. pullorutn \ Kaupp (quoted by It ice) records nearly 20 per cent, 
of infected yolks among 3,610 fresh eggs examined. Thus, in an infected flock, 
each year’s hatchings produce a high proportion of infected chicks, and the cycle 
is repeated from year to year. 

According to Severens, Roberts and Card (1944) genetic factors play an impor- 
tant part in determining susceptibility to the disease. During the first 5-10 days 
of life there is an increase in resistance to experimental infection, which is far 
greater in some chicks than in others. The increase is accompanied by a rise 
in the absolute and relative numbers of circulating lymphocytes. Evidence is 
brought to show that procedures such as splenectomy or irradiation with X-rays, 
which lower the lymphocyte count, lead also to a diminution in the resistance 
of the host. 

The problem of control clearly resolves itself into the elimination of the carrier 
hens and this has been rendered possible by the application of the agglutination 
test. Blood is obtained from the wing vein, and the serum tested against sus- 
pensions of Sahn. pullorum. This organism is non-flagellated, and contains only 
0 antigens : the conditions must therefore be adjusted to reveal agglutination 
of this type. It is customary to use living suspensions, but it seems probable 
that alcoholized suspensions would prove as sensitive and could more readily be 
standardized. Incubation should be prolonged for 24 hours, though the results 
are usually readable after 4 hours at 50° C. The titre usually taken as diagnostic 
of infection is 1/40 to 1/50. Adopting this standard, it would appear that some 
90 per cent, of carrier hens can be detected (Rice 1926). Such tests may be carried 
out at any time, and the detected carriers should be killed. The essential point, 
in preventing the perpetuation of infection from one season to another, is the 
elimination of all carriers among the birds preserved for breeding. The whole 
flock should be tested when the hatching Beason is over ; those which show agglu- 
tinins should be killed, and those which give negative reactions should be retested. 
Only birds which have twice reacted negatively, and whose previous history gives 
no reason to suspect infection, should bo retained for breeding in the following 
year. 
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Chapter 21 


THE ENTERIC BACILLI: THE DYSENTERY BACILLI 1 


Dysentery is a clinical rather than an etiological entity, and its characteristic 
symptoms, diarrhea, abdominal pain and blood in the stools, may occur 
cither alone or as part of the syndrome of a number of diseases. In the 
former instance dysentery may be of protozoan (amebic dysentery, p. 755) 
or bacterial etiology. In addition there is evidence suggesting that a filterable 
agent, presumably a virus, can cause dysentery in man.- A dyscntcry-hlce 
infection may be produced by some members of the Salmonella group, but 
usually another group of bacteria, the dysentery bacilli, is responsible. 

The dysentery bacilli are gram-negative, non-spore-forming rods related 
to the other enteric bacteria. Some of them resemble Beet, coli mtaerogenes 
and the typhoid bacillus in that they ferment carbohydrates with the pro- 
duction of acid and no gas. Others are, perhaps, related to the slow or iaie 
lactose-fermenters designated as paracolon bacilli. None of the dysentery 
bacili are motile, and hence they do not contain the two types of antigens 
found in the paratyphoid bacilli. As a group they differ from one another 
biochemically and immunologically. In general, their uncertain relationship 
to the other enteric bacilli, coupled with their own heterogeneity, has made 
their classification a difficult matter. 

The dysentery bacilli are facultative anaerobes and their optimum tem- 
perature for growth is 37° C. Their nutritive requirements are not comp ex 
in that they will grow upon the ordinary nutrient (beef extract) media. 
In synthetic solutions nicotinic acid is apparently required by some strains, 
but whether amino acids arc necessary is not known. They ferment g ucos ^ 
to much the same end products as the other enteric forms—toctic aci 
together with smaller amounts of formic and acetic acids and ethyl a co o . 
Like the other gram-negative bacilli, they are relatively resistant to 
bacteriostatic action of dyes, and these substances may be incorpora e 
differential media for their isolation; eosin-methylene blue agar is comm 
used. t V 

Classification. The dysentery bacilli are divided into two groups 
basis of the fermentation of mannitol, the non-mannitol fermenters in ^ 
the Shiga bacillus. This distinction was of early importance an f or 

to be in tropical regions and elsewhere where the Shiga baci us 
the dysentery produced by it is much more severe and has a Jg s j gn ifi- 
fatality rate than the other bacillary dysenteries, but is not o P ra 

1 See the general reviews by Neter. Bact. Bev., 1942, 6 1, ^ astr0 
1-3 66, Weil. Jour Immunol , 1943, 46.13, ibid., 1947, 55 3 • 

2 Gordon, Ingraham and Korns. Jour. Exp Med., 1947, 86. 

464 
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The Japanese bacteriologist, Shiga, found the bacterium which bears his 
name in a study of an epidemic of dysentery in Japan in 1898. The same 
microorganism was found by Kruse in Germany two years later, and 
Shigella shigae is known as Shiga's bacillus or the Shiga-Kruse bacillus. 
The Shiga bacilli are immunologically homogeneous, but anti-Shiga sera 
show some cross-reaction with some strains of Shigella flemeri and Slug el/n 
ambigua. 

Sh. shigae differs from the other dysentery bacilli in its marked toxicity 
for man and experimental animals. Apparently two types of toxin are 
formed; an endotoxin closely bound to the cell substance and which is 
a polysaccharide-lipid-polypeptide complex 3 4 * * that appears to have considerable 
immunizing activity as assayed by mouse protection, and an exotoxin found 
in filtrates of broth cultures, protein in nature and thermolabile. The exo- 
toxin (neurotoxin) has an effect upon the nervous system and produces 
paralysis, while the endotoxin appears to act chiefly upon the alimentary 
tract. Although generally regarded as a true soluble toxin, the Shiga toxin 
is not as potent as the toxins of the diphtheria and tetanus bacilli; it has been 
prepared in purified form having an LD S0 dose for mice of 1 to 10 fig.* Anti- 
toxin to this soluble toxin may be produced, though not to the high titers 
obtained against other soluble toxins, which has marked protective effect in 
animal experiments. The therapeutic use of these sera has given encouraging 
results in some instances, but their value is not firmly established. The 
soluble toxin, but not the endotoxin, may be inactivated by formaldehyde 
and the toxoid used as an immunizing agent. It has not yet been possible 
to destroy the toxicity of this or other dysentery bacillus endotoxins and at 
the same time retain antigenicity. 

Shiga bacillus infections have been observed most frequently in India, 
Japan, China and other parts of Asia; they appear to be relatively rare m 


the United States. . , 

Shigella Parashigae. Strains of dysentery bacilli culturally identical 
Sh. shigae but immunologically unrelated were found by Dudgeon an 
Urquharf’ in Macedonia in 1919 and designated by them Bacterium ¥& 
shigae ( — ) in contrast to the Schmitz bacillus (see below) vvhic O 
termed Bacterium -parashigae (+)• These bacilli have been observe r, 
time to time in various parts of the world, including the United Mates, 
ciated with diarrheal disease. They were studied in some detai y 
and by Sachs 7 and are sometimes known as the Large-Sachs group or 
group of dysentery bacilli. Sachs distinguished eight immuno °S lcfl .jj. 
but Wheeler and Stuart* found that three of these were paracolon o. 
and described an additional new type, making six valid typos ^ in a • 
Sachs types are Q454, Q771, Q902, Q1030 and QH67 and the vv 


and Stuart type 1831. . ..rr ; m muno- 

Other non-mannitol fermenting dysentery bacilli which 1 


3 Morgan and Partridge: Bfochem. Jour., 1940 , 34 - 169 . 

4 Dubos and Geiger. Jour- Exp. Med., 1946, 84:143. 

s Dudgeon and Urquhart: Med. Res. Council Spec. Repi 
0 Large. Jour. Roy. Army Med. Corps, 1934, 63.80, 231. 

f Sachs* Jour. Roy. Army Med. Corps, 1943, 80 92. 

3 Wheeler and Stuart Jour. Bact., 1946, 51:317. 


Senes No. 40, 1919. 



CHAPTER 70 

BACILLARY DYSENTERY 

Introductory 

Together with plague, cholera, and influenza, dysentery has been one of the 
great scourges of the world. Though rapidly growing less common, it was at 
one time a fatal epidemic disease, dogging the footsteps of armies in the field, 
present in camp, gaol, and hospital, and decimating the white races in the tropics. 
“ Wherever the general hygienic conditions are bad, wherever the soil is much 
fouled by excreta . . . , wherever many people arc crowded together in one building 
or camp, where the food is coarse, monotonous or unsound, there, especially in 
tropical and sub-tropical climates," dysentery is liable to break out (Manson 1914). 

Before the last quarter of the nineteenth century dysentery was regarded as 
a single, well-defined disease. In 1875, however, Locsch demonstrated the presence 
of parasitic atnoebco in the stools of dysenteric patients, and in 1883 Robert Koch 
observed these amcebro in the intestinal wall of patients dying of dysentery in Egypt. 
The subsequent demonstration of amceb® in liver abscesses of patients who were then 
suffering, or who had at some previous time suffered, from dysentery. left little 
doubt that at any rate one of the causal agents of this disease was the Enlamceba 
histolytica. In 1898-1901 Shiga in Japan, Flcxner in the Philippines, and Kruse 
in Germany brought evidence to show that another type of the disease was due 
to a bacillus which was closely allied to Salm. typhi. Dysentery may also at times 
be caused by protozoa other than Entamoeba histolytica, such as Balantidium colt 
and Bilharzia mansoni (see Manson-Bahr 1942). 

In this chapter we shall deal exclusively with bacillary dysentery, referring 
our readers to textbooks on tropical medicine and protozoology for descriptions 
of the amoebic and balantidial types. 

Historical. — Dysentery affords an illuminating example of a case in which the 
agglutination reaction was successfully employed to discover the causative agen 
of a disease. . , 

Studying the epidemic of dysentery in Japan in 1896, Shiga (1898) iso a e 
from the fteces and intestinal wall of dysenteric patients a Gram-negative, non 
gelatin-liquefying coliform bacillus. This organism, which was cultivate 
34 patients, differed from the common Bad. coli in its failure to coagulate > 
and in certain other cultural properties. At the same time nine other 
were cultivated. To ascertain which of them, if any, was causally relate ® 
disease, Shiga tested the action of the patient’s serum on each one of t em. 
one o! the types was agglutinated. This type was, moreover, never oun * 
feeces of patients suffering from other intestinal diseases such as typ oi or 
diarrhoea, nor was it agglutinated by the serum of such patients, or y 
1760 
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ligiCiilU from Sir. dugae have l>ccn described Of these the organism dcxtg 
nated Sh. t\jv .\ jttd C*<l>cr and Stacy stum 8524 li.tt l*wn 

fun ml to be identical with Q77I. am! Sh. mabi Molar d.i tv pc B with Q1167 
Still another. Sli, iv j pir.icuhm lucilhi*. At the prmnt time, 

then, $h. j\:t,idiii\ir apjv.n\ n* lx* immunn!<v,;if allv hctrrojjencom ami m idc 
up «>f m\ lv|w which rni) lx* drugrntid I \ jv Q15 1, 'I > jx: Q771, etc. 

Shlgrtla Amhlpm (Schmitz lutdluv. Ikiermrim srJimitirt, Bacterium 
•imhi^mmO- Tin* ijnirv w.iv dcnnlml hv Schmitz in 1917 av a came nf 
dvwntrry in a Hum mi in war prro*» camp lake Sfi. dirg.v, it does not fer 
went mannitol hut chlTrtv in tint it produces «nc!<»! ami ferments sorbitol and 
thamnme The »|<cqo is inummningirallv homr^genmu* except that, annul 
mg t«» Bovd * ftrddv wilted stums nmtatn twxi antigens, tine nf which is 
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|i»t on continued cultivation. and antisera prepared from stock strains m»\ not 
agglutinate fresh strain* too well There is some cross reaction, perhaps to one 
quarter titer, with the Shiga hicillus hut agglutinins are not reciprocally ah 
sorixxl. Sit. arrtl’tgtta has hern found in Curopc, huh i, the Sudan and else- 
where. and in the United States. It is not as common in this anintry as some 
of tlic other dysentery bacilli hut is encountered with some frequence and was 
implicated in an extensive institutional outbreak of djsenter) in New- York"’ 
ami as an important cause of djscntcrv among chimpanzees. 11 

Shigella I’lexnrri (Bnclenmir p<rr<iJ)Scftten<n\ Pseudixlyventcry bacillus. 
Shtgelfa pnw«l)se»rerwe, Flcxncr’s Bacillus, Hiss and Russell’s ‘A'" Bacillus, 
Strong’s bacillus). Soon after Shiga’s discovery, 1 lexnor, working in the 
Philippines, discovered other dysentery liacilli which for a time were not 
clearly differentiated Flcxncr’s bacilli and those dcscrilxd by Strong and 
Musgravc in 1900 differed from S/i. shigac, however, both serologically and 
in the fermentation of mannitol. Attempts to subdivide the bacilli of the 
riexner group by biochemical methods have not been successful; a wide 
v Bo>d. Jour. Hoy. Army Med. Girps. 1935, 64-289. 
lo Schlicfstcm and Colcimn Jour. Inf. Dis , 1937, 61:257. 

** Gabon, Mitchell, Clark and Ricscn Jour. Inf Dis , 1948, 83 147, 
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natural conditions, 1 from a hospital kitchen was carrying Sh. dysenteries , and 8 were 
carrying Flexner’s bacillus. Manson-Bahr (1919) likewise isolated Sh. dysenteries from 
the lower intestine of flics in Palestine. Though dysentery bacilli may bo found occasionally 
in the intestinal contents of these insects, they do not appear to survive for more than a 
few days. The probability is that flies act mainly by carrying infective material on their 
feet rather than in their intestine. 

It is doubtful whether under the modern sanitary conditions of western civiliza- 
tion flies play more than a small part in the transmission of either the epidemic or 
the endemic disease. In this country, as has been pointed out, dysentery is in 
fact more a winter than a summer disease. In the East and Middle East, however, 
as was shown again in the experience of the second world war, fly-borne infection is 
of major importance (Fairley and Boyd 1943) ; and even in the United States it 
is not unknown under military conditions (Kuhns and Anderson 1944). 

Epidemic infection may result from the contamination of milk or of ice-cream; 
several well-authenticated outbreaks due to these vehicles have been recorded in 
different countries. Food, especially of the ready-cooked variety, is very sus- 
ceptible to contamination from infected fingers and dust, and is of importance in 
the endemic spread of the disease. Occasionally dysentery is water-borne. For 
example, there are records of a large outbreak in Japan due to an aberrant dysentery 
bacillus affecting 11,000 persons and causing 500 deaths (Report 1938) ; of another 
in Kansas State due to Sh jlexneri affecting 3,000 persons (Kinnaman and Beelman 
1944) ; of another in Wales due to Sh. jlexneri W affecting 1,100 persons (Wade 
1922) , and of two smaller ones in England in which Sh. sonnei was isolated from 
the water itself (Green and Macleod 1943, Ross and Gillespie 1952). Water, how- 
ever, seems to play little part m the high endemic prevalence in western countries 
On the other hand, in Java, where peculiar conditions prevail, bacillary dysentery 
is said to be predominantly a water-borne disease (Fairley and Boyd 1943). 

Infection is derived as a rule from cases, particularly ambulant cases, of the 
disease, from healthy convalescents, from symptomless carriers— usually temporary 
— and probably far less often, except in mental institutions, from chronic carriers. 
The organisms, which are excreted in the freces, may gain access to food through 
the imperfectly cleansed fingers of the patient or carrier ; or they may pass from 
one person to another by contact with inanimate articles such as seats, door handles, 
and water-flushing devices in lavatories, bed-pans and washing bowls in hospita 
wards, pencils and books in schools, and crockery and glasses in restaurants. J^ er ® 
are in fact so many ways in which infection may spread that, once it is introduce 
into nurseries or children’s wards in hospitals, it is often extremely difficu t o 
eradicate. The use of the phage-typing method may help to clarify the mo c 0 
transmission of infection, particularly of Sonne’s bacillus . 

Bacillary dysentery varies greatly in its clinical manifestations and in 1 * 
severity. In every outbreak there are a number of cases of simple diarrhma, w ic 
are nevertheless caused by the dysentery bacillus. Entirely symptomless car **.^ r 
are not uncommon, and in endemic areas may constitute a considerable propor i 
of those found to be infected (Watt and Hardy 1945). Even though the 15ca *j 
often fatal in infants and very young children, it may be extremely mi an g 
rise to no more than a trivial disturbance of the bowel disappearing wit ,n 
(Report 1943). Occasionally food-borne outbreaks, particularly of the bonne 
are characterized by acute gastro-enteritis rather than by true dysenterj ( ° 

1933, Report 1942a). A very small number of cases of dysentery tliat 
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variety may be separated on the basis of the variable fermentation of sucrose, 
dulcitol, sorbitol, maltose, raffinose, arabinose, inositol and salicin, and indol 
formation, but such varieties are not correlated with immunological type and 
have had little practical value. 

Sh. flexneri is made up of a group of immunological types that are distinct 
and yet related to one another. Five immunological types were distinguished 
by Andrewcs and Inman 1 - on the basis of the distribution of four antigens, 
V, W, X and Z, which are designated as types V, VV, X, Y and Z and whose 
antigenic composition is illustrated in Fig. 80. A number of other systems of 
typing Sh. flexneri were suggested but none gained the general acceptance 
of the Andrewcs and Inman types. 

Subsequently Boyd u reported evidence of the presence of type- and group 
specific antigens in these types and in additional related forms and suggested 
that numbered types be substituted for the Andrewes and Inman types. Fur- 
ther study by Wheeler 1-1 indicated the pattern of distribution of antigens 
among the types suggested by Boyd with the modification that Type II be 
split into two subtypes, this is illustrated in the accompanying table. The 
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Fig. 80. Diagrammatic representation of the antigenic structure of the Andrewes and 
Inman types of Sh. flexneri. 

basis of Boyd’s contention that the O and Y types of Andrewes and hyM" 
are not valid since they contain no type-specific antigen and are possi > ° 
be regarded as degraded variants of Types Ila and lib is clear from t is. 
the Andrewes and Inman types accepted by these workers, V, v\ , an 
come Types I, II and III respectively. Types IV and V are new types, 
found by Boyd in India and called by him 103 and PI 19 respective y. 

Type VI, or Boyd 88, is not new but a variety of the Newcastle an . 
bacillus which was first isolated in 1929 from cases of dysentery. e ^ ^ 3CJ ]|, 
Newcastle strain appears to be somewhat apart from the other >sen cr> ^ 
in that it is feebly motile and produces gas, usually in sma ai ? 0 *j" ’ man . 
fermentation of glucose. The original Newcastle strain did not er ^ 
nitol, but the variety known as the Manchester type does fermen^^^ a li of 
some strains produce a small amount of gas and others do no . ^ ( j, e 

the Newcastle-Manchester bacilli isolated in the United as g 0 yd 88 

mannitol-fermenting, non -gas-forming type. The variety ^ t ^ e str ains 
ferments mannitol but does not form gas, and about one-t ir 

J 2 Andrewes and Inman Med. Res. Council Spec. Rept 1940, 33 553- 

Boyd’ Jour. Hyg , 1938, 38*477, Trans. Roy. Soc. Trop- 
> 4 Wheeler Jour. Immunol., 1944, 48.87. 00 . 191 . 

,r * Clayton and Warren. Jour. Hyg , 1929, 28.355, ibid., 1 > 
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That is to say, Flexner’s bacillus was half as common again as Sh. dysenteric. But 
Graham (1918) and his co-workers, who investigated 2,500 cases of dysentery and 
diarrhcea in the British Salonika Force at much the same time— June, 1916 to 
the end of 1917— found that of the severe and moderately severe bacillary dysen- 
teries 75 per cent, were due to Sh. dysenteric and only 25 per cent to Sh. jlexneri Y, 
whereas of the mild bacillary dysenteries 75 per cent, were due to Sh. Jlexneri Y 
and only 25 per cent, to Sh. dysenteric. 

The figures given by Boyd (1936) in India for 1932-4 showed that just over 
half the strains isolated were of the classical Flexncr type, and that about 13 per 
cent, belonged to newly recognized Flexner or Boyd types ; Shiga’s bacillus con- 
stituted about 15 per cent., Schmitz’s bacillus 5 per cent, and Sonne’s bacillus 


TABLE 129 

Species and Types of Dysentery Bacilli isolated in India 1D32-4, and in the 
Middle East Force between August 1940 and June 1943. 

(Modified from Boyd 1936, 1946 ) 


India. j Middle East Force 


1 Type of Bacillus. 






No of 

Per 

No of 

Per 


Strains 

cent 

Strains 

cent. 

1 Sh. dyienterix 

820 

14-9 

4,516 

18 0 

Sh. sch mil 2t 

296 

5-4 

1,601 

67 

Sh. Jlexneri 1-3 with X end Y variants . . j 

2,888 

52 6 




135 

2-5 



1 .. .,5 

100 

1 8 

> 14,752 

61-6 

„ r, ; 

240 

4-4 

[ 


Sh. boijdi 1 

134 

24 

1 


2 . 

26 

0-5 



„ „ 3 

41 

07 



1 „ „ 4 

47 

09 



„ 6 

5 

01 



/ Other non-nmnnitol fermenters .... 


— 

616 

2 2 

| Other mannitol fermentera. . ... 

152 

2 8 

800 


i Sh. sonnei 

50S 

9-3 

1,760 


Inagglutmable lactose and sucrose fermenters 

97 

1-8 



' Entamoeba histolytica ... ... 

965 

- 

3,463 

- 


9 per cent, of the total strains studied Similar proportions were observed Jn * 10 
Middle East Forces during the second world war (Table 129). 

In the United States Shiga’s bacillus seems to be uncommon. Hardy, ' a • 
Kolodny and DeCapito (1940), who isolated 2081 Btrains of dysentery bacilli from 
cases of diarrhoea and dysentery in New Mexico during the years 1936, 193 » 
1938, did not meet with it once. They identified 65-0 per cent, of their 6 ^ ra '" 9 
as Sk. jlexneri, 19-1 per cent, as Sh. sonnei, and 15-9 per cent, as Sh. ~ 

Shiga’s bacillus is, in fact, seldom met with except in tropical countries an as 
Asia (Weil 1943). , » 

Clinically the disease due to Shiga’s bacillus is much more severe tian 
due to Flexner’s ; as well as the abdominal pain, diarrhcea. and tenesmus, 
is often a profound toxaemia ending in collapse. Complications sue as a 
(Graham 1919, Report 1919) and iridocyclitis, when they do occur, are 
invariably associated with the Shiga type of infection. Moreover, rccm 



S/iiiyf/*! I /t*\«rri 460 

tin n*’t ferment anil the inn under are htr duKitnl frrmcntrrv flic 
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small amount »4 rh Hip group however. immunologtcallv homogeneous 
and i data! lo the lionet Kictllt and nm not unreasonably Ik: rcgmlcd as a 
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III 
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Oilier mmnitol fermenting dysentery huilli have also lxx*n descrilxx! by 
Boyd 34 170. P2SS, 1)1. DI9. 1*143 and 1*274. These an* not related immuno- 
logic ally to the llctncr bacilli, and it has Ixvn suggested that they !>e named 
Sli. bold Types I. II. Ill, IV, V and VI respectively. 'I bey are. however, 
included b> Weil, Black and I’arscna 1 * 1 with tbc Ilexncr dysentery bicilli 
"1 besc workers accept Types 1 to VI of Sit. |le\ fieri as defined bv Bmd but add 

the An*' * v --•* v •* ***• VII and VIII. The Bind 

t\|vs a ■ 'CIV inclusive; Type IX is 

170 or ■ 

Still giving other biochemical 

reactions typical of Sli. /levirri, but immunotogically unrelated, base been 
included in tins sjiccicx. A \ arietv found in the Mediterranean area and named 
Sb. rf on we lias been included as Sh. fhrxttcri Lavington 1. and Francis,** dis- 
regarding Weil’s numbering of types, lias suggested that two varieties Im- 
munol ogi calls- related to tbc Andresses and Inman types be provisionally 
typed as Ts jx*s VII and VIII. 

It seems clear that this somewhat confused state stems from tbc lack of a 
reasonably precise, generally accepted, working definition of SJi. flcvttcri. If it 
lie made on a purely biochemical basis, tbc extended series of types of Weil, 
Black and Farsetta should logically stand, to be amplified as other immuno- 
logical sarietics of tbc biochemical type are described If, however, the defini- 
tion of the species is also to call for an immunological interrelationship, only 
Weil, Black and rarsetta- Jour. Immunol., 1944, 49 321. 

li rrands: Jour. Path. Bact., 1946, 58 320. 


• T 
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Boyd’s Bacillus —The various types of bacilli described by Boyd, though less 
frequent as a cause of dysentery than Flexner’s or Sonne’s bacilli, must be regarded 
as pathogenic for man (Boyd 1939-40, Rothstadt el al. 1942). Sh. etotnte* which 
is now known as Sh. boydi Type 7, was responsible for a large outbreak of dysentery 
in a mental hospital in England (Lavington et al 1946), and for an outbreak among 
United. States troops in Casablanca during the second world war (Stock et al 1917)! 

Sonne’s Bacillus. — This is a more important organism. Though it had un- 
doubtedly been previously observed in the United States and Germany, it was 
Sonne's description in 1915 that drew serious attention to it. From a number of 
sporadic cases of dysentery in Denmark Sonne cultivated a bacillus differing from 
Sh Jlexneri in its late fermentation of lactose, in its striking production of acid 
ill litmus milk during the second week of incubation, and in its different serological 
reactions. In an investigation of dysentery in Norway, Thjotta (1919) found that 
25 out of 65 strains isolated conformed to the Sonne type ; and in Denmark Bojkn 
(1934) found it to be as common as Flexner’s bacillus in the causation of endemic 
and institutional dysentery. In this country the organism lias been recognized 
since about 1925 (see Channon 1926, Kerrin and Cruickshank 1926), though there 
is reason to believe that it was present but not identified before this date. During 
the second world war it was very prevalent, and in the five years following the war 
it was responsible for about 80 per cent, of the diagnosed cases of dysentery. It 
is widespread in North America (see Johnston and Brown 1930, Nelson 1930, Leahy 
1931, Fclscn and Osofsky 1934, Weil 1943, Watt and Walton 1919) and has been 
observed in several other parts of the world. It is most frequently met with in 
asylums, children’s hospitals, residential and day nurseries, and nurses’ homes, 


Adults, however, are not spared, and in household outbreaks may often constitute 
a quarter of the infected cases. They tend to he symptomlcss cxcreters more often 
than children. In infanta Sonne’s bacillus may give rise to an acute toxic form 
of dysentery, which is known in Japan as Ekiri ; and it may be associated with 
fatal cases of convulsions (Lewis and Claircaux 1951). The disease often occurs 
in epidemic form, and several milk-borne outbreaks have been described ( ,eo 
Sylvcst 1933, Bojl&i 1934, Felsen and Osofsky 1934, Bowes 1938, Faulds 1912, 
1943) Lcuchs and Heim (1930) reported an outbreak due to infected cheese affect 
ing 51 persons. Clinically, Sonne dysentery is said by some observers to be 
less severe than Flexner dysentery, but Bojlen (1934) disputes this. Mild a" 
atypical cases of the disease are common in any reasonably large outbreak. s 
has already been mentioned, Sonne’s bacillus often gives rise to acute g^ CQ 
enteritis rather than to dysentery proper. Rohleder (1938), who analysed 
cases in which this bacillus was demonstrated, found that 72 of them ha run 
a clinical course indistinguishable from that of a simple gastro-entcritis. Bacteno 
logically, the organisms are found in the foces, and occasionally in the unt j^ 
(Rohleder 1938) , agglutinins are often demonstrable in the blood serum of paticn 
suffering or convalescent from the acute disease. The closely related organise* 
Bact. dispar, has so far not been definitely incriminated as a cause of djsen e y, 
but further observations are required (see Forsyth 1933). The fact ' j 

indole-positive strains were isolated by Felsen and Osofsky (1931) an cc 
Buckle (1939) from hospital outbreaks of dysentery suggests that this orga 
cannot be entirely dismissed as a possible cause of the disease. ^ 

Other Organisms— A few other organisms may give rise to a disease tagnosc^ 
as dysentery For example, Bact. alkalescens, which used to c c ass 
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Types I to VI are valid. The present tendency, which is not completely con- 
sistent, is to continue to accept the Andrewes and Inman types and regard the 
Ncwcastle-Manchester bacilli as somewhat apart though immunological!)' 
related, or to accept the first six types only. As for the remainder, only the 
British as yet recognize Sh. boyd Types I to VI, and in this country these are 
designated Shigella sp. 170, Shigella sp. P288 and so on. 

All of the FJexner bacilli are of world-wide distribution, the relative propor- 
tions varying from one locality to another. As a whole Sh. flexneri is found in 
a large proportion of the dysentery cases in temperate climates, and even in 
tropical countries they are perhaps the most common of the dysentery bacilli. 
In this country, for example, 45 1 strains of a total of 769 isolated in routine 
examinations in Connecticut in 1940-43 were Sh. flexneri, and of 1329 
dysentery bacilli isolated from British and Indian troops in India, 999 were 
Flexner, 197 Shiga, 100 Schmitz and 33 Sonne bacilli. 



Fig. 81. Shigella alkalescens. Smear from a pure culture. Fuchsin, X 1050. 


Sh. flexneri forms no soluble or exotoxin but does contain an cn o 
It has been studied in some detail by Goebel and his co-workers w o 
found that the somatic antigen which contains the toxicity is made upo ^ 
component, a protein component, two carbohydrate components on® ° e | jeVCS 
contains labile acetyl groups, and a toxic component which oc 
to be a distinct substance and possibly associated with a purine or F . toX j n 
like substance. In general, it has not been possible to detoxt y ® t j, at 
without destroying its antigenicity, though Barnes et at. 1 ? v . e . r .5j it - n t f, e 
this can be accomplished by treatment with heat or ultravio e 
presence of an oxidizing agent and caprylate ion. , , Andrew# 

Shigella Alkalescens. Shigella alkalescens was descri e j ci * t0 i For 
in 1918. Unlike the other dysentery bacilli, these bacilli er ™. i^r evidence 
some time they have been regarded as of uncertain pat °? en > ! t 'ij seaS e. They 
is accumulating which indicates that they are associate ^ 331 , ibid, 
'* Goebel et at: Jour. Bact , 1944, 47.476; Jour. Exp. Med-, 19 5, 

1947, 85:499. 

19 Barnes et al.: Jour. Immunol , 1947, 56*255. 
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Bojlen (1934) was struck by the frequency of persistent carriers. Some patients, 
whose stools were systematically examined, were found to excrete the bacilli for 
years. The experience of most workers, however, shows that chronic carriers— 
that is, those who excrete the organism for a year or more— are infrequent, and 
therefore play but a small part in the spread of the disease, except perhaps in 
mental institutions. 

It is sometimes stated that there are no healthy carriers of dysentery bacilli, 
and that all those who excrete the organism are suffering from chronic dysenteric 
lesions (see Scott 1938). The evidence in favour of this view is far from con- 
vincing. Several workers have demonstrated the presence of Sh. jlexneri, Sh. 
sonnei, Sh. sekmilzi , and even Sh. dyscntericc in completely symptomless carriers (see 
Report 19426, d, Weil 1943). It is possible that before the introduction of deosy- 
cholate citrate medium, cultures were successful only from heavily infected persons ; 
but now that even small numbers of dysentery bacilli may be demonstrated, the 
existence of perfectly healthy carriers is no longer in doubt. Hardy, Watt and 
DeCapito (1942), for example, found that in an endemic area as many as 3'8 per 
cent, of persons who gave no history of illness during the preceding year were 
“ passive carriers ” of the dysentery bacillus. Doubtless they had been in contact 
with other carriers or cases, and had become infected without developing the 
disease. 

The introduction of S.S. and deoxycholatc media has also led us to modify 
somewhat our ideas on intermittency of excretion. Even so, it is not uncommon 
to observe intermittency in convalescents and carriers, though less often than 
formerly (see Cruickshank and Swyer 1940, Report 1942e). The apparent duration 
of excretion has been extended by the use of these media. Most workers would 
have been prepared to accept Fletcher and McKinnon’s (1919) findings that not 
more than 2 to 3 per cent, of convalescents carried the bacillus for over three 
months. Watt, Hardy and DeCapito (1942), however, working with S.S. and with 
deoxycholate citrate media, found that II per cent, of Flexncr, 10 per cent, of 
Newcastle, and 7 per cent, of Sonne carriers excreted the bacillus for over ten 
weeks. 

In conclusion it is worth while comparing dysentery with other enteric infections, 
notably typhoid. Dysentery has a short incubation period, about 48 hours as 
a rule. It is essentially a local disease ; the bacilli remain confined to the intestme 
and to the mesenteric glands ; they do not invade the blood stream, nor are they, 
except occasionally, found in the spleen or liver. In this respect dysentery-"^ 
the Shiga type — has been compared to diphtheria ; the bacilli produce a necrosis 
of the intestinal mucosa, often with pseudo-membrane formation, and their toxic 
products are absorbed, giving rise to profound systemic disturbance. The disease 
may also run a chronic course. Typhoid fever, on the other hand, has a 
incubation period — up to 21 days ; it is primarily a septicemic disease wi 
secondary localization in the intestine, the bacilli do not produce a P°" er u 
toxin ; and the disease has little tendency to become chronic. 

Laboratory Infection in Man.— It has been pointed out in Chapter 29 that, 
with the possible exception of monkeys, dysentery cannot be reproduced m ® 
tory animals. There are, however, a few definite cases recorded in the i e 
of accidental infection in human beings. Kruse (1901) mentions t ic cn«c 
Stocker, an assistant in his laboratory at Bonn, who apparently m cc e , 
while working with cultures of Shiga’s bacillus. He suffered from a mi 
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have been found associated with sporadic enteric disease, mid n sm ill epidemic 
has been reported recently. 20 In the last few years S/i, (ilfcnfesceni lias been 
recognized more and more frequently in this country, and appears to he moie 
common than had been supposed. It is also pathogenic for experimental 
animals. 21 

Strains of Sh. nlknlcsccns have been regarded as biochemically distinct mid 
immunologicaViy homogeneous. Stuart, Hustigin, Zlmmermann and Oirr) 
gan, 22 however, have found that the species is made up of n graded series of 
biochemical types. They have also demonstrated the presence of five antigens, 
two major antigens designated A and B, and three minor antigens, C, I) and 
E, in these bacilli. A, B and C arc present in all typical strains, while 1) and 1: 
occur singly or in combination to give four subtypes. They are Imminiolog 
ically related to the colon bacilli through the paracolon group and to Boyd 
P274. Two immunologically unrelated types have been described^ 5 ami desig- 
nated type II and type III in distinction to the original or tyjw I, Weil and 
Slafkovsky 24 have suggested that type II be Shigella tlvtd. Both of these tyj**s 
include strains which ferment lactose. Whether these should he classified as 
Sh. alkalescens is possibly open to some question. 

Shigella Sonnci (Sonne's Group III, Duval’s bacillus). Lactose ferment- 
ing dysentery bacilli discovered by Duval in 1904 have since been rediscovered 
by quite a number of observers. By force of usage these* b icteria have com** to 
be known as the Sonne type. The Sonne bacillus ferments mannitol ami does 
not produce indol; it is serologically distinctive and homogeneous, Glynn and 
Starkey 25 have reported, however, that there are two immunological tyjx's of 
Sh. sonnet which they designate I and II. Type I contains one antigen In pm 
dominance, while type II contains both antigens in equal amounts, 'i he 
difference in agglutination titers is of practical importance and tyjx* II anti 
serum is the one of choice. The lactose fermentation is slow and nny I*.* 
delayed for a week or ten days, and strains of this type were doubt!* ss con- 
founded with Flexner bacilli by the earlier workers. It is probably considerably 
more common in the United States tlian appears in the records It Jus alyi 
been reported in warmer countries, and perliaps a more detailed study of the 
differentiation of the mannite-fermenling bacilli would Increase the amount 


munological homogeneity tends to set them ofT. 

SJrijrella Diepar. Other lactose-fermenting dysentery baolii were d*-Ng 
nated Bact. dispar by Andresses. Some of Andresses* strains v.ere f*h y/nm-i, 
but the type now termed disjrar differs from die Sonne type fn tJut y,*i b.toJ 
is fermented and indol is formed, Sh dispar h ecologically hetrrog* »w ous 

s’Felsen and Wolarsky; Ness- York State Jvjs M*-i, 1949, 40 1 JO}, S*u*»t rt id. 
Jour. Irrmim'd.. 1943, 47.-425. 

11 Edssard: Jwur. Path. Dae % 1940, 51*245. 

** Stuart, Russian, Zinuwmwnu and Co-ristan- J-wr, 194?, 4? 425 

11 Assis: OHv*p:tJ, 1939. 15 447. C ^ Yvr Soc. J>p Ui M-4. 

57 200. t \ 

** Wed and Slafk-vs-skv. ) rjj. Eact V 

i: Ciyna and StarLey. J xn . 
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1942, Pot 1942, Report 1942/). The brilliant green method, which is of such 
value .in the isolation of Salmonella, is of no help in the cultivation of dysentery 
bacilli, since these organisms are as susceptible as Sac(. coli to the dye {Krum- 
wiedc and Pratt 1914, Myers and Eoser 1932). Colonies should be picked off 
into lactose broth, put through the sugars, and tested by the tube or the glide 
method against specific agglutinating sera of the types most likely to be met with 
in the area concerned. Slide agglutination must be used with care, particularly 
for colonies off selective media, since non-specific results are common. Shiga’s 
bacillus on first isolation may be poorly agglutinable ; heating for 1 hour at 60° C. 
is said to improve it (Schutze 1914). Sh.Jlexneri G (Newcastle) does not ferment 
mannitol and may form no visible gas; non -mannitol-fermenting strains of 
dysentery bacilli, therefore, tlmt arc not agglutinated by an antiserum to Shiga 
or Sc/umtz, should be tested against a jlexneri G antiserum (Ewing and TayJor 
1915, Nelson 1917). Proteus mortjani may similarly cause confusion, as it may be 
practically' non-motilc on isolation and form little or no gas ; its identity can bp 
determined by' its ability' to hydrolyse urea. Occasionally’ Flcxner’s bacillus may 
be in the group phase when first cultivated from the stools and its exact classifica- 
tion may present difficulty. In examining suspected dysentery bacilli, a motility 
test, preferably at 22° C., should never he omitted (Braun and Weil 1928). "When 
isolated from fresh cases Sonne’s bacillus is usually in Phase i, but in carriers Phase u 
is generally found. For purposes of identification antisera against both phases 
must be available. Phage-typing may be carried out by the method of Hammar- 
strom (1947, 1919). For the laboratory diagnosis of amccbic dysentery, reference 
may bo made to a paper by Hill (1947). 

Agglutinins appear in the patient’s serum about the Gth to the 12th day, but 
sometimes not till later, or not at all. Tbc serum should be tested against standard 
suspensions of the common types of dysentery bacilli. The tubes are best incubated 
m a water-bath at 50° C. for 4 to 6 hours, left overnight at room temperature, 


and read finally the next morning. 

Much less attention can be paid to the presence of scrum agglutinins in the 
diagnosis of dysentery than in that of enteric fever. This is partly because normal 
human Berum may contain agglutinins for dysentery bacilli, and partly because 
the group agglutinins may be so prominent as to render the diagnosis of the type 
of bacillus almost impossible. The value of the test depends to a considerable 
extent on the frequency distribution of normal agglutinins in tbe population- B 
endemic areas and in mental institutions in which dysentery is common, inter- 
pretation of low Berum agglutinin titres is very difficult and often impossible 
Dudgeon 1919). On the other hand, in areas in which dysentery is uncommon, 
and especially in children, whose serum is usually devoid of normal agglutinins, 
the test may be of value. Under these conditions a titre of 1/25 or over to M- 
dyscnteiicc, Sh. scbmlzi, or Sh. sonnet, and a titre of 1/100 or over to 
highly suggestive of active infection. Except to Sh, jlexneri, the agglutinin turn 
seldom rises high, and often declines in early convalescence. In Sonne infectio > 
as a rule, only about 60 per cent., of patients develop serum agglutinins (bin 
and Fraser 1930, Johnston and Brown 1930, Nabarro and Signy 1932, Laws < 
Cruickshank and Swyer 1940) ; though a positive result therefore may 'be > 
nostic, a negative result does not exclude the presence of active disease. In 
cases agglutinins may persist for a long time. qa 

Diagnosis at autopsy should be made by taking cultures from the mucosa 
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net strains. Carpenter* found that' *° Cenain ft* 
arated mto three immunological types tTmtlff 7 Slra ' ns “ uld ^ «P- 
(h-rd independent. Sft. rf.W may biriivMM ' J tD one “"alber and ,fc 
ceylonensis which ferments dulchol w c? ? lwo varie[i «. «. rf/yw vat, 
does not; Bergey (1948) „ ives T°' and . S '• rf,s i’" r ™. nuidampensis which 
and S/i. mndm^sl. 8 ’“ C 7 ?““ «**> «■* as Sh ee^l.t™ 

dy^m^fa^lutina^^onew* anothe^type of ?*** **» acute 
nons. This fact and the constant «c u ?e n ce ffT* 5 ' b “ UuS in hi ® h dll “' 
the stools strongly suggest a causal T ,.l - / *b. e same Tpe of bacillus in 

bacilli cannot, like the 

patients. Laboratory infeSon with f b c , ult ivated from the Hood of the 
occurred. 27 V ° n W “ h a P ure cu,tu « of the Flexner bacillus has 

dySemeiy h ^ forty 

Apart from the inflammatorv «,! aCUte r 01 "i nd 10 run 3 clir omc course, 
the intestine (ulcerative Cobbs') 7h» “'f'™ “ di P htheritfc . latas in 

little that is characteristic The 1* anatoimcai P>«ure of dysentery presents 
amebic dyseW are TsL^ \hT? f*??. that ate found ' 05 3 * 

reported of 1130 cases nf harill bacterial diseases, one series having been 
tery bacilli ar e sometime j 0 '- d) ? cmcry wlth o u ‘ a single abscess. Dysen- 

in almost pure culture The! rna d l! n f ,tnm 4 nse ” Un ’ 1>etS 7 thc de j ccta ’ of,cn 

but, as a rule not in the ? 7 y be foi ! nd at aut0 P s 7 m ,lie mesenteric glands, 
manly occur in the hl^ j p Ct " or °‘ 5ier ln,erna l organs, nor do they com- 
septicemia hut C J* °? d 7 un . ne ' ® aci H ar >' dysentery is, therefore, not a 
resembling Asi 7 ,n ( ec . t<on loca,iz «l in the alimentaty tract, in this respect 
disease often n* j e7a 7a 'b er than typhoid fever. Recurrent diarrhea! 

bacilh oolled chronic ulcerative colitis, is frequently caused by dysentery 
sunerfichd f 3 t' a , C t lc bacilli may persist in the bowel, possibly in the 
Thp rl a ^ cr<i intestinal epithelium, for long periods of time, 

hrop i y ! Gn tOX ' 1 } ’ s excre ted in rabbits, and probably in man, by the 
qnv 1 ~ T ln ^' ^ s . e ective action of the toxin upon the tissues, rather than 
a action of the bacilli themselves, appears to be responsible for the 
into fh^ 3 10n ant ^ ot ^ er l Qca l changes. When the toxin is introduced directly 
rr f s u > no s ymptoms are produced, suggesting that the toxin primarily 
c s e deeper cells rather than the surface of the mucous membrane, 
n t e large series of cases studied in Denmark caused by the Sonne and 
riexner types the case fatality was about 2 per cent. The Shiga bacillus dysen- 
cry ot the tropics is much more often fatal (20 per cent). The clinical disease 
i considerably more severe in the Shiga infections than in Hexner infections, 
ana complications, such as arthritis, are almost invariably associated with the 
rormer type of infection, 

e relation of dysentery bacilli to summer diarrhea of infants is obscure. 

,e m vestigators have isolated the dysentery bacilli from the excreta, par- 
tf j ln *^ose cases where there is mucus in the stools. Those cases with 
w nc dysentery bacilli are associated do not appear to differ clinically from 
“Carpenter: Proc. Soc. Exp. Biol. Med., 1943, 53:129. 

Lippincott: Jour, Amer. Med. Assn., 1925, SS901. 
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1942, Pot 1942, Report 1942/). The brilliant green method, which is of such 
value in the isolation of Salmonella, is of no help in the cultivation of dysentery 
bacilli, since these organisms are as susceptible as Sad. coli to the dye (Kium* 
wiedc and Pratt 1914, Myers and Koser 1932). Colonies should be picked off 
into lactose broth, put through the sugars, and tested by the tube or the slide 
method against specific agglutinating sera of the types most likely to be met with 
in the area concerned. Slide agglutination must be used with care, particularly 
for colonies off selective media, since non-specific results are common. Shiga’s 
bacillus on first isolation may bo poorly agglutinable ; heating for 1 hour at 60° C. 
is saul to improve it (Schutzc 1911). Sh.jlcxneri 6 (Newcastle) does not ferment 
mannitol and may form no visible gas; non-mannitol-fermenting strains of 
dysentery bacilli, therefore, that are not agglutinated by an antiserum to Shiga 
or Schmitz, should be tested against a flexneri 6 antiserum (Ewing and Taylor 
1915, Nelson 1917). Proteus morgani may similarly cause confusion, as it may be 
practically non-motile on isolation and form little or no gas ; its identity can be 
determined by its ability to hydrolyse urea. Occasionally Flexner s bacillus may 
be in the group phase when first cultivated from the stools and its exact classifica- 
tion may present difficulty. In examining suspected dysentery bacilli, a motility 
test, preferably at 22° C., should never be omitted (Braun and Weil 1928), When 
isolated from fresh cases, Sonne’s bacillus is usually in Phase i, but in carriers Phase ii 
is generally found. For purposes of identification antisera against both phases 
must be available. Phage-typing may be carried out by the method of Ilammar- 
strom (1917, 1919). For the laboratory diagnosis of amccbic dysentery, reference 
may bo made to a paper by Hill (1947). 

Agglutinins appear in the patient’s serum about the 6th to the 12th day, but 
sometimes not till later, or not at all. The scrum should be tested against standard 
suspensions of the common types of dysentery bacilli. The tubes are best incubated 
in a water-bath at 50° C. for 4 to 6 hours, left overnight at room temperature, 
and read finally the next morning. 

Much less attention can be paid to the presence of serum agglutinms in the 
diagnosis of dysentery than in that of enteric fever. This is partly because normal 
human serum may contain agglutinins for dysentery bacilli, and partly because 
the group agglutinins may be so prominent as to render the diagnosis of the type 
of bacillus almost impossible. The value of the test depends to a considerable 
extent on the frequency distribution of normal agglutinins in the population. 1 Q 
endemic areas and in mental institutions in which dysentery is common, inter- 
pretation of low serum agglutinin titres is very difficult and often impossible (see 
Dudgeon 1919). On the other hand, in areas in which dysentery is uncommon, 
and especially in children, whose serum is usually devoid of normal aggluttmns, 
the test may be of value. Under these conditions a titre of 1/25 or over to 
dy sentence, Sh. sclunilzi, or Sit. soniiei, and a titre of 1/100 or over to Sh. jlcxMXiV 
highly suggestive of active infection. Except to Sh. Jlexneri, the agglutmin t e 

seldom rises high, and often declines in early convalescence. In Sonne xnfecio , 
as a rule, only about 60 per cent., of patients develop scrum agglutinins ( mi 
and Fraser 1930, Johnston and Brown 1930, Nabarro and Signy 1932, Laws i . 
Cruickshank and Swyer 1940) ; though a positive result therefore maybe ig 
nostic, a negative result does not exclude the presence of active disease, 
cases agglutinins may persist for a long time. ___ a[I( j 

Diagnosis at autopsy should be made by taking cultures from e 
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those in which they ate not found, and it is uncertain just what proportion 
of cases of infant diarrhea is caused by the dysentery bacilli. 

Carriers. It is probable that dysentery bacillus infection is very common, 
many of the infections going unrecognized because of the mildness of the 
symptoms. Persons with such infections are, of course, convalescent carriers 
who continue to discharge the bacilli for an average of three to five weeks. It 
is not clear whether a permanent chronic carrier state analogous to the chronic 
typhoid bacillus carrier occurs, but many convalescents continue to discharge 
dysentery bacilli over long periods of time and mapparent infection is not 
uncommon. In any case, it is the casual carrier and changing groups of casual 
carriers or ambulatory cases that are of primary importance in the maintenance 
and spread of the infection. 



Fig 82 The persistence of dysentery bacilli in ihc feces of convalescents Prepared from 
data of Watt, Hardy and DcCapno Pub Health Repts., 1942, 57 524. 


Bacteriological Diagnosis of Bacillary Dysentery’. Since, as indicated 
earlier, dysentery is a clinical rather than an etiological entity, the causathc 
microorganism must be isolated and identified to allow a diagnosis of bacillary’ 
dysentery. The bacilli may be found in fecal specimens and rectal swabs arc 
cultured for the detection of carriers. The methods of enrichment culture and 
direct plating are essentially those used in the isolation of Salmonella and the 
typhoid bacillus. Dcsoxy cholatc-citratc and S-S agars arc the most useful of 
the agar media; bismuth-sulfite is not suitable because species other than Sh. 
fiexticrt are inhibited. A tclluritc-iron rosalic acid medium has been developed 
by Wilson and Blair* which is said to gi\c good results, 2 * but has not as yet 
been generally used. Colonies are picked and identified by fermentation reac- 
tions and slide agglutination; the latter may include typing of the Flexncr 
strains. 

** Wilson and Blair: Brit Med. Jour., 1941, ft. 501. 

** Thomas and Hulme* Lancet, 1942. ii 321. 
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soft X-rays (Moore and Kenton 1936), or jx-riodie acid (Goebel 1947). Shiga (1903) 
advocated the use of a sero-vaecine, the first dose of which was followed in 4 dajs by an 
inoculation of bacilli alone. Antibodies were demonstrable in the blood of inoculated 
persons 3 to 4 weeks later. This method was used on about 10,000 persons in Japan during 
the years 1898-1900, and is said to have had little effect on tho morbidity, but to have 
decreased the fatality considerably. Unfortunately Shiga gave no exact figures of the 
results. Olitsky (1918) suggested the use of a lipo-vaccine consisting of heat-killed 
bacilli suspended in neutral almond oil, on the principle that, ow ing to slower absorption 
of the toxin, the patient's reaction should bo correspondingly less, but the vaccine gives 
rise to subcutaneous abscesses (Hardy, DcCapito and Halbert 1948). Iguchi, Ohstubo 
and Eguchi (1933) tried oral vaccination with apparently satisfactory results ; these, how- 
ever, still await confirmation. Boirin and Mcsrobcanu (1938) recommended the use of a 
glycohpid antigen extracted from Shiga’s bacillus, and Morgan and Schutze (1943) a phenol 
extract of the somatic antigen. No satisfactory or convincing evidence has yet been 
brought to show that in practice any of these vaccines is able to contribute significantly 
to the prophylaxis of Shiga dysentery. Formol toxoid is said by O’Brien (1939-40) to 
be a good antigen for horses, but it seems doubtful from the work of Steabben (1943) 
whether it could be relied on to protect against infection with living bacilli. 


Hardy, DeCapito and Halbert (1918) carried out a careful study on the pre- 
vention of endemic bacillary dysentery in institutions in New York and Illinois 
Neither a monovalent vaccine against Sh.flexneri Type 3 where this organism alone 
was responsible, nor a polyvalent Flexner, Sonne and Schmitz vaccine where multiple 
species and types were met with, had any appreciable effect on the attack rate or 
the seventy of the disease ns judged by comparison with unvaccinated control 
persons. Similarly, observations made on human volunteers who were experiment- 
ally infected with dysentery bacilli by the mouth showed that a polyvalent Flexner, 
Sonne and Schmitz vaccine, whether killed by ultraviolet irradiation or by heat, 
had no significant protective effect (Shanghnessy el al 194G). Whatever the reason, 
it must be concluded that vaccination can at present play no useful part in the 
prevention of dysentery. 

Chemoprophylaxis. — Sulphonamide prophylaxis is sometimes used in the control 
of institutional outbreaks Hardy (1946) recommends this method in Flexner an 
Schmitz infections if 10 per cent or more of the inmates are infected ; he g» es 
l gm. of sulphadmzme twice daily for 7 days. There is always a danger, however, 
of breeding sulphonamide-resistant strains, and it is probably wise, at any rate w 
mental institutions and residential nurseries, to use this method sparingly- 

Serotherapy.— Todd (1904) working in London, and Rosenthal (1903, 1904) 
working in Moscow, showed independently that the soluble toxin containe in 
cultures of Sh dysenteries was able to give rise on injection into animals to a 
neutralizing antitoxin. Todd found that the serum had definite protective p r 
perties ; if it was injected intravenously into a rabbit, it protected the anun 
against a lethal dose of toxin or of dead bacilli, given simultaneously or 
hour later. A horse serum that he prepared contained sufficient antitoxin per • 
to neutralize 20,000 lethal doses of toxin for a rabbit. The unlon t0 *“\ 
antitoxin appears to take place in constant proportion (Pfeiffer an ng 
1909, Kolle et al. 1924). # j, ea t- 

Antiserum is prepared by the intravenous injection of horses, ei er . , 

killed and later with living bacilli (Flexner and Amoss 1915) or wi ortn 


The titration of the serum is best carried out on the mouse, using 


intravenous inocula- 
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Epidemiology. Infections caused by dysentery bacilli are probably hi 
more common than is generally recognized. In 1945, 33,495 and 400 deaths 
were reported from 38 states, rates of 32.4 and 0.4 per 100,000 respeemely. 
Attacks of severe illness grade off into mild and almost trivial attacks of simple 
diarrhea Several outbreaks of typical “food poisoning" attributed to the Sonne 
bacillus are on record. In a number of localities where careful bacteriological 
studies have been made, dysentery bacilli have been found widely distributed 
both in patients with gastro-intestinal derangements and in the general pop 
ulation. Probably the most important single reservoir of infection is the human 
carrier, either convalescent or with inapparent infection. The extent to which 
the carrier state occurs has been appreciated only in recent years. In a study of 
dysentery bacillus infection in the normal population Watt and Hard} 4 ® 
found Sh. flexneri in 1 1 per cent of the population in New Mexico, 4 per cent 
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in Puerto Rico, 3 per cent in Georgia and 0. 1 per cent in 1 M 

an estimated annual morbidity of 60 per cent in Puerto Rico. per 
New Mexico and 20 per cent in Georgia and an over all ratio o coma 
or passive carriers to cases of 9.1. 


1 hot countries and in tW 


Dysenteric infections seem to be most common ml an y 

summer months in temperate climates, although they ma> occu 

— 1 - s due to the mote or less dim* 


season of the year. The spread of the disease is due to the mot a jj. 

transfer of the specific bacillus from infected intestinal isc iar £ 
mentary tract of a fresh individual. Polluted water may p a > . CfY as it 

outbreaks but is apparently not nearly so important a factor in - on ^ 

is in typhoid fever. Improper disposal of excreta permitting i conlB j csCcn is, 


flies, and the contamination of food by chronic earners an j vsc0tCT y. 
appear to be the most important factors in the spread o . * t j >c sea* 

The role of insects, especially flics, is probably an impottan ^ epidemic 
sanal incidence of bacillary dysentery is in keeping w it t i , and 

reported by Kuhns and Anderson infected flics were caught m 
30 tVafr anrl P.,K. Hmlrfi Kents.. 1945. 60 261. 
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to the Shiga bacillus is of limited and transient value. Its usefulness in practice 
is further curtailed by the inability to decide by clinical inspection alone whether 
a given patient is infected with the Shiga bacillus, or with some other type of 
dysentery bacillus. No evidence is available to show that a Berum prepared 
against either the Flexner or the Sonne bacillus is of any therapeutic value (O’Brien 
1939-40). 

Treatment with bacteriophage has been tried. Some workers, such as Compton 
(1942), are convinced of its efficacy, but the findings are not sufficiently conclusive 
to demand detailed attention (see Riding 1930, Weil 1943, Fairley and Boyd 1943, 
Boyd and Portnoy 1944, Painton and Hantman 1945). 

Chemotherapy.— The sulphonamide drugs have a specific effect and are widely 
used in the treatment of dysentery. Though sulphaguanidine was mainly advocated 
at first (sec Fairley and Boyd 1943), it has given way to sulphadiazine and succinyl- 
sulphathiazole (sulphasuxidine). Dosage varies, but in general 4-12 gm. of sulpha- 
diazine may be administered to an adult on the first day, followed by 4 gm. a 
day for a week (see Hardy and Halbert 1948). The sooner treatment is started 
after the onset of symptoms, the greater is the chance of effecting a bacteriological 
cure. In severe cases caused by Shiga's bacillus it is as well to combine chemo- 
therapy with serum treatment. If dysentery bacilli are still being excreted after 
a week of sulphadiazine treatment, or if treatment is not begun till the convalescent 
stage, 20-gm. doses of succinylsulphathiazole should be given daily for a week 
(Painton and Hantman 1945, Hardy 1940). The carrier state is sometimes estab- 
lished in spite of treatment, especially in Sonne infections. In these cases and 
in previously* untreated carriers large doses of sulphonamide may* be successful; 
if not, chloramphenicol may be tried. Chloramphenicol may also be useful in the 
treatment of convalescent carriers infected with a sulphonamide-resistant strain. 
In institutions apparent failure of sulphonamide to effect a bacteriological cure is 
often due to reinfection rather than to persistent excretion of the original organism 
(Yollum and Wylie 1946). In the control of outbreaks of dysentery in mental 
hospitals, residential schools and nurseries, treatment is best restricted to cases 
and .symptomless excretcrs, though treatment of the whole population may be 
called for at times (Hardy 1945) 
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operating latrines; similar reports arc not common. The decline in diarrhea 
and enteritis o£ the last few decades is very likely a reflection of the general 
improvement in sanitaty conditions. 

At the present time m temperate climates dysentery flourishes especially in 
insane asylums and other large institutions, where lack of personal hygiene 
among the inmates favors the transfer of infection In the Denmark investiga- 
tion endemic asylum dysentery was found to be a serious and prevalent disease. 
Whenever it gains a foothold in these institutions it seems to be kept alive 
chiefly by chronic carriers and proves an obstinate problem. Weekly bacterio- 
logical examination in one institution showed that more than 50 per cent of 
the dysentery patients continued to excrete dysentery bacilli For long periods— 
in one case over four and one-half years. Epidemic bacillary dysentery is also 
a disease of armies in the field, where opportunities for the dissemination of 
infection are frequently very great and extensive outbreaks ate common 



Hcports. 


Although in small outbreaks a single type of dysentery bacillus may he 
found, in the larger outbreaks more than One type is almost always observed 
The most common types in this country appear to be Flcvncr, Sonne, Schmitz 
and Sh. alkalescent in that order. 

Immunity. Antibodies, agglutinins, are formed in response to infection 
with d> sent cry bacilli, usually appearing after the sixth day. The titer is rela- 
tively low as a rule. The diagnostic significance of agglutinins is somewhat 
uncertain largely because “norma!” agglutinins are common. Normal serum 
commonly agglutinates SI*, sliigne in 1:20 dilution hut a titer of l .40 or 
higher is suggestive of infection. Agglutinins for Ract. flcxitcri occur in much 
higher titer, as high as 1 : 150 in normal scrum, and the titer is frequently in- 
creased in infections with other species of dysentery bacilli Flcxncr agglutinin 
has. then, very little diagnostic value unless it is to high tiler and agglutinins 
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The Enteric Bacilli: The Dysentery Bacilli 

for Shiga and typhoid bacilli are absent. Agglutinins to the Newcastle bacillus, 
Sh . ambigiium and Sh. alkalescens occur only in low titer. Sh. sonnet is often 
agglutinated to titers as high as 1 ; 50 by normal serum, and, though the 
titer may occasionally be very high in infection, sometimes little or no ag- 
glutinin response is apparent. 

Despite the immunological response evidenced by the appearance of ag- 
glutinins, there is little or no resistance to second attacks and no method of 
active immunization, other than to the soluble toxin of Sh. shigae, has yet 
proved effective in bacillary dysentery. In this connection it may be recalled 
that the infection is confined to the lumen of the intestine, intestinal mucosa 



and lymphoid tissue as a rule and in a very real sens important 

body. Bacillary dysentery, then, differs from typhoid e ' t | y ate not 

respect that the bacilli do not invade the tissues an ? Possibly this 

exposed to the action of circulating antibody and phagocytic cet • . 

accounts, atleast in part, for consistent failure to develop an effecme.mn. 
to infection with these bacilli. , the cell 

Pathogenicity for Lower Animals. As P° ,nlc men tal animals 

substance of the dysentery bacillus is markedly toxi ost t0 xic. Con* 

upon parenteral inoculation. The Shiga bacillus is y . t0 e Jfcit syn>F 

siderable quantities of the other dysentery baci 11 1 are . t suc ccssfuk 
toms of toxemia. Feeding with dysentery bacil 1 is S ‘ ^ as resulted in 
though the administration of large doses of hving exDCr i m ental infectwn 
dysenteric symptoms in cats and rhesus monkeys. 1 scribed by Bingel 

of the urinary bladder of female guinea pigs has J 25-574 610- 

Bingel Ztschr. f. Hyg. u. Infektionskr., 1943, 125 HO. 19 
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so that in the 1931-5 quinquennium it was only about 15 per cent, of what it was 
at the close of the last century. Since 1930, however, the rate has remained more 
or less stable. 


TABLE 132 

Averaoe Annual Death-rate from Diarrheal Diseases in Infants 
UNDER 1 YEAR OF AOE PER 1,000 LlVE BlRTIIS. ENGLAND AND WALES. 


Yearn 

Average Annual 
Death llate 

Year* 

Average Annin] 
Death Kate 

1896-1900 . . 

31 

1931-33 . . 

r 

1901-05 . . . 

23 

1930-39 . . 


1906-10 . . . 

18 i 

1940-42 . . 


1911-15 . . . 

19 

1943-45 . . 

50 

1916-20 . . . 

9 1 

1946-48 . . 

4-1 

1921-25 . . . 

8 1 

1949 . . . 

26 

1926-30 . . . 

6 

1951 1 . . . 

1-2 


1 Figures are in accordance with the International Statistical Classification of Diseases. 

If we extend our survey to include young children as well as infants, we see 
from Table 133 that nearly 90 per cent, of the deaths now occur during the first 
year of life and over 95 per cent, during the first two years. The footnote suggests 
that a higher proportion of males die than females. 

TABLE 133 


Deaths at Aoes from Enteritis and Diarrhiea. England and Wales. 


Year 

Age in Years 

0- 

1- 

2- 

3- 

4- 

0-5 

All Ages 

1911 

31.899 

6,901 

1,097 

380 

185 

40,402 

40,212 

1910 

8,313 

1,973 

438 

184 

111 

11,019 

14,702 

1921 

11,705 

1,924 

320 

154 

102 

14,205 

17,086 

1926 

5,394 

969 

201 

129 

77 

0,770 


1931 

3,284 

447 

99 

55 

48 

3,933 

5,222 

1936 

3,220 

260 

74 

37 

25 

3,010 


1941 

2,757 

228 

68 

40 

24 

3,123 


1946 

3.341 

133 

27 

12 

6 

3,519 


1951 1 

831 

68 

20 

7 

7 

939 

1,365 








— — ■ 


1 Figures are in accordance with the International Statistical Classification of Diseases- 
Note. — In 1931 G9-7 per cent, of the deaths under S y ears of age were in males. 


Table 134 records the deaths from diarrhcea and enteritis according to t e 
month of the year. Though deaths at all ages are included, it will be realize 
from the previous table that most of them refer to deaths during the first two 
years of life. It is evident that in the hot year of 1921 there was a striking 
seasonal incidence, the deaths during the months of August, September an 
October exceeding those during the other nine months of the year. . T ou ° 
detailed figures are not provided in the Registrar-General’s report, it is no 
that in the hot year of 1911, when there was a very high diarrheal mortality, 
majority of the deaths likewise occurred during the same period. mce ’ 
in spite of seven hot years, the gross excess of deaths during the a c su 
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Pathogenicity for Lower Animals 

in which the local pathology was similar to that found m human bacillary 
dysentery' but there was also an invasion of various tissues and organs Lower 
animals apparently do not suffer from bacillary dysentery under natural 
conditions, although it is not uncommon in the laboratory to isolate S/i. flex ticri 
from monkeys that develop enteric symptoms. 
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is often exposed, and to which the devastating outbreaks of summer diarrhoea 
that occurred in the early years of the present century can be largely ascribed. 

Reasons suggested for the beneficial action of breast-feeding are that (a) it 
lowers the pH of the intestinal contents, which .arc rendered less favourable for the 
growth of coliform bacilli ; (b) it leads to the production of formic acid, which is 
present in greater concentration in the fieces of breast-fed infants than of those fed 
on cows’ milk, and which prevents coliform bacilli from multiplying , (e) it provides 
a growth factor for Lactobacillus bifidus, which is partly responsible for the acid 
reaction of the intestinal contents of breast-fed babies (sec Ross and Hawes 1915) 
The resistance of breast-fed infants appears to last only so long as they are fed 
entirely on human milk. Complementary feeds of cows’ milk or of glucose water 
lead to an immediate rise in the pH of the intestinal contents and the consequent 
replacement of a lactobacillary by a coliform flora. 

Social and environmental factors play a part in the epidemiology of infantile 
enteritis. Broadly speaking, the lower the social class, the greater the degree 
of overcrowding in the homes, and the dirtier the domestic conditions, the commoner 
is the disease. Poorly nourished babies are more likely to be affected than those 
which are well nourished. The disease is particularly prevalent in hospitals and 
institutions, where it constitutes a serious hazard to life. Hobbs (1941), for example, 
goes so far as to say that gastro-enteritis is the greatest menace to infants suffering 
from pyloric stenosis admitted to English hospitals. Premature infants nursed 
in hospitals, particularly if they are not breast-fed, are likewise peculiarly subject 
to the disease. 


Primary Infective Enteritis due to known Pathogenic Organisms 
Observations, particularly during recent years, have rendered it evident that 
some cases of enteritis during infancy and early childhood are due to infection 
with members of the Shigella or Salmonella group. How frequent these are, it 
is impossible to say. In the past many cases have probably not been recognized, 
owing to imperfect bacteriological technique ; but now that increasing attention 
is being drawn to these organisms, and highly selective media are available for 
their cultivation, they should be diagnosed more frequently. 


Hormneche (1943) who, with hia colleagues, conducted a careful investigation into 
the enteritis of infancy in Uruguay, found that of 60S cases of enteritis, 260 (38-9 per cent.) 
were due to Shigella and 152 (22-8 per cent.) to Salmonella species ; in the remaining 
256 cases (38 3 per cent.) no pathogenic organisms could be demonstrated (sec ate® 
Hormaeche el aU 1947). The incidence of dysentery and salmonella infections is proba y 
much lower in this country than in Uruguay ; but that it is not negligible is shown by c 
fact that Blackjack and Guthrie (1937), working at the Royal Hospital for Sick Children, 
Glasgow, investigated during the years 1931-36 no fewer than 215 cases of dysentery m 
children up to 12 years of age, and Guthrie and Montgomery (1939), at Glasgow, l rives i 
gated, apparently during the years 1937 and 1938, 28 cases of salmonella , 

infants under two years of age. In Syria, Moore and Dennis (1940) studied o4 a * c 
of enteritis occurring m 490 infants and children, and found that 65 were due to ysen 
bacilli, 11 to proved salmonella strains, and 51 to strains that gavo the 8ttgt ^ r ’ ***? 
of salmonella species but were not serologically identified. Hardy and Watt ( ) 

a household survey found that 75 per cent, of children dying of dmrr usa { j 1Pr 

Georgia and New Mexico were infected with slugcU® , in New ^ OAj* °” 1(> c om e- 
liand, dysentery appeared to play a very small part in the diarrhoea! dea ' r * e ^ 
times the disease h widespread in the area, as in the outbreak at Brisbane m w* 



Chapter 22 


THE CHOLERA VIBRIO AND RELATED FORMS 


Although Asiatic cholera has doubtless smoldered endemically in parts of India 
for many centuries, the year 1817 marked its first considerable extension 
beyond the borders of that country. Europe was first invaded in 1831, and 
since that date a series of great epidemics has carried the disease over a large 
part of the civilized world. The disease was brought to New York by Irish 
immigrants during the pandemic of 1832-33 and in the pandemic of 1846-62 
invaded the United States via New Orleans (1848) and spread up the Mis- 
sissippi Valley. The fourth great pandemic, that of 1864-75, affected Asia, 
Africa, Europe and America. The causal agent of the disease, the cholera 
vibrio, was discovered in 1883 by Koch 1 in the intestinal discharges of cholera 
patients. Similar microorganisms were described by later workers in infected 
water and elsewhere, and now a number of species are known. In general, 
however, these other vibrios are nonpathogenic and have been studied in terms 
of their relation to the cholera vibrio and are, therefore, not particularly we 
known. Of what is now a fairly sizable group, only two species are pathogenic, 
the microorganism discovered by Koch and variously termed Spirillum cho erne 
asiaticae (Koch), Spirillum cholerae. Vibrio cholerae, the comma bacillus, an 
Vibrio comma (Bergey); and a vibrio pathogenic for pigeons and guinea pig . 
Vibrio metchnikovii. 


VIBRIO CHOLERAE 

Morphology and Staining. The cholera vibrio is a short, >^'8 - 
curved and twisted rod, 1.5 to 3 p. in length and 0.4 to 0. f* m , or 
may occur singly or in chains which have the appearance o s ( j ic 

S-shaped forms (two cells). The straight and spiral threa s or ™ Qj| 
pellicle of liquid gelatin cultures are usually regarded as involution C( j 

tures that have been maintained for a long time on agar o ten os . f orrT) 

form and appear as straight rods, but resume the more c arac , j ar 

when passed through animals. The vibrios are actively moti e > are n0 t 

flagellum which is shorter than the flagella of most bacteria , m | 

* • “ vibrio stains readily with the ordinary anthnedjes 

; bacilli, but 


formed. The cholera 
is gram-negative. 


, enteric baciin. 

Colonies on agar media are similar to those or the Ascent apjxur- 

__jay be distinguished from those of Bad. coll by their t m, i ‘ c |low in 
ance. They are 1 to 2 mm. in I n , mCtt r,lo.v.«.nvcx^Ju^„ Jo „. mag . 
color, with a finelv eranular consistency which is ace 


color, with a finely granular consistency 

■Koch: Bet. klin. Wchnschr., 1884, 2Z-477, Brit. Med- l 0UI " ISS ^’ 
478 


,.403. 453- 
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homes ; but it is quite possible that sporadic cases occur which are not recognized 
as being of the same nature as the epidemic disease. Infants are said to be attacked 
chiefly in the first fortnight after birth, but again too much weight should not be 
laid on this statement, because this happens to be the usual length of stay in 
a maternity home. Infants developing the disease after they have left the home 
will often be overlooked. Ormiston (1941), describing one outbreak, mentions 
that when, for various causes, infants were kept in hospital for longer than the 
usual 10- to 14-day period, 46 per cent, were older than a fortnight when first 
affected. Under institutional conditions the commonest age at the time of onset 
is 5 to 8 days. There is no apparent difference in sex incidence ; and though 
infants of the poorer classes arc said to be more susceptible than those of the 
wealthier classes, social distinctions do not appear to be of great importance 
(Frant and Abramson 1938). Reports on the relative incidence of the disease 
in breast-fed and artificially fed infants arc conflicting (Rice et al. 1937, Best 1938, 
Baker 1939, Forbes and Olsen 1939, Cron et al. 1940, Ormiston 1941). Many authors 
have observed no difference between the two groups ; but this may perhaps be partly 
explained by the common custom in maternity hospitals of giving glucose water 
or some similar drink to all babies, thus affording a possible means of spreading 
infection. It is difficult to estimate the true morbidity of this disease. 

Rice, Best, Frant and Abramson (1937) say that among 3,672 babies bom alive in 
eleven lying-in institutions in New York City between July, 1934, and December, 1936, 
605 are known to have contracted neonatal diarrhoea— a morbidity rate of 14 per cent. 
Among these the case-fatality rato was 46 per cent. Greenberg and Wronker (1933), 
referring to a New York hospital, mention a morbidity rate of 40 per cent, and a case- 
f.itality rate of 29 per cent. In Great Britain Ormiston (1941) described outbreaks 
in three geographically separate institutions, and observed among 996 exposed infants 
a morbidity rate of 14 per cent, and a case-fntality rato of 29 per cent. In Sakula’s 
(1943) series of 25 eases, no fewer than 20 deaths occurred. 

Most authors agree on the high case-fntality rate, which may reach even 
80 per cent., but the high morbidity rates just quoted must be understood to 
refer only to institutions in which the disease occurs. So far as can be ascertained 
from reported figures, the disease is unknown in most maternity hospitals, so 
that its total incidence is probably low. There is little to suggest any particular 
seasonal prevalence ; outbreaks occur in the winter as well as the summer. The 
incubation period may be as short as 2 days or as long as 20 days ; the commonest 
period seems to be 2 to 6 days. In any given nursery there may be two or three 
sporadic cases, followed by a rapid succession of cases, giving to the outbrea 
an almost explosive suddenness ; or there may be small groups of cases separate 
by intervals of a week or more. 

This is not the place to describe the symptomatology of the disease.. Brie y, 
however, the chief manifestations are a sudden or insidious onset, vomiting, slig 
fever, diarrhoea, rapid dehydration and loss of weight, often followed by deat 
in 1 to 7 days. Blood, mucus or pus in the stools are uncommon. At autopsy, 
the findings vary greatly. Often there is little to be seen besides congestion o 
the intestinal mucosa and slight swelling of the mesenteric lymph nodes. 
times there are haemorrhagic pneumonia and acute haemorrhagic splenitis ( o vi 
and Emory 1941) ; and sometimes cerebral cedema and petechial hsemorr ag 
in the brain and viscera (Lyon and Folsom 1941, Bloch 1941). Acute en eri 
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mBcation Some strains are hemolytic on blood agar while others are not 
(see below). 

PI 15 Biology. The cholera \ ibno is strongly aerobic and only very sparse 
growth appears under anaerobic conditions, and then on prolonged incubation. 
It grows over the temperature range of 16° to 42° C. with an optimum growth 



Fig 85 Vibrio cholerae, broth culture two days old; fuchsin stain, x 1000 (Frankel and 
Pfeiffer). 

at 37° C. An alkaline reaction is essential for good growth, the bacteria will 
grow over a pH range of 6.4 to 9 6 and are usually cultivated at an alkaline 
reaction, pH 7.8 to 8.0 This marked tolerance for alkali is taken advantage 
of in the preparation of selective media for the isolation of the cholera vibrio, 
the pH of such media usually being about 9 5. They are not nutritionally 
fastidious and ma\ be grown in peptone water 


THE HEIBERG FERMENTATION TYPES OF VIBRIOS 



Type 


I 

„ 

111 

IV 

V | 

VI 

Sucrose 
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Fermentation reactions are variable and a number of carbohydrates, includ- 
ing dextrose, levulose, galactose, maltose, sucrose and mannitol, may be fer- 
mented with the production of acid but no gas. Lactose, inulin and dulcitol are 
not attacked. Heiberg 2 has studied the fermentation reactions of the vibrios at 
some length and has arrived at six fermentative types on the basis of the fer- 
mentation of sucrose, arabinose and mannose which are known as the Heiberg 
types. Type I is characterized by the fermentation of sucrose and mannose but 
not arabinose, and contains all of the cholera vibrios and some non-cholera 
2 Heiberg- C. R. Soc. Biol., 1934, 115.984 
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of, Bacf. coh isolated in infantile gastro-enteritis is increasing gradually; besides 
0 55 and 0 111, Types 0 26, 0 86 and 0 119 are now recognized. 

It should be pointed out that the presence of these organism s is not ah ays 
associated with epidemic disease. Thus Payno and Cook { 1 950) isolated Type 0 1 11 
from a number of healthy babies in a residential home in Oxfordshire ; at one time 
10 out of the 15 infants in the home were excreting this organism in the absence 
of any outbreak of gastro-enteritis. Likewise, Cathie and MacFarlanc (1951) at 
the Great Ormond Street Children’s Hospital in London found that 17 out of 85 
infants under 2 years of age admitted to the hospital for some disease other than 
gastro-enteritis were excreting Type 0 111. This, however, is not surprising. 
Practically every pathogenic bacterium known to cause an epidemic disease is also 
found associated with endemic infections of the same kind. 

The pathogenicity of certain specific types of Bad. coli is supported by observ- 
ations on human volunteers in the United States of America. 

Neter and Shunnvay (1950), for example, gave 100 million viable organisms of Type 
O 1 1 1 by the mouth to a 2-mont h-old mentally deficient infant. Severe diarrhoea followed 
and the infant lost 7 ounces in weight in 24 hours. The organisms were abundant in the 
stools, but disappeared within 2 days under terramycin treatment. Previous administration 
of a different type of Bad. coli had been without effect. Ferguson and June (1952) found 
that 23 volunteers given 6,000 million to 9,000 million organisms of Type O 111 by the 
mouth all developed gastro-enteritis about 10 hours later, whereas a strain of Bad. coli 
of a different serological type isolated from a healthy infant had no effect on 11 volunteers. 
Later June, Ferguson and Worfcl (1953) made similar observations on the pathogenicity 
of Type O 65, though the disease produced by this organism was milder than that caused 
by Type O 111. Generally speaking with both organisms the severity of the symptoms 
corresponded with the size of the dose used. 

On the whole, the evidence is becoming increasingly stronger that certain specific 
types of Bad- coh are intimately concerned with the production of gastro-enteritis 
both in the new-born and in older infants, and there is every reason to believe that 
further investigation will strengthen this provisional conclusion. 

Many workers favour a virus as the primary cause of infection. Little evidence, 
however, has so far been brought to support this view ; and the fact that, apart 
from the virus diarrhoea of suckling mice (Cheever and Mueller 1917), diseases of 
the intestinal tract caused by viruses arc almost unknown, indicates the desirability 
of caution in accepting it. Light and Hodes (1943, 1949), it is true, claimed to 
have demonstrated the presence of a filtrable agent in the stools of cases of neonat-' 1 
diarrhoea capable of giving rise to acute enteritis in calves, but the human origin 
of the virus they studied is doubtful. The positive results on medical students 
recorded by Reimann, Price and Hodges (1945) arc open to the objection that t ej 
were obtained during a period when diarrhoea, nausea and vomiting was epidemic 
in the area and no precautions were apparently taken to segregate the stu en s 
during the tests More convincing evidence was brought by Jordan, Gordon an 
Dorrance (1953), who carried out a number of experiments on young adult volun- 
teers. They noted the existence of two different clinical forms of infantile gastro- 
enteritis . (a) one causing an afebrile illness, with an incubation period o a ou 
60 hours and a duration of 4 days, and characterized by initial vomiting, iatr ® 
with frequent watery stools, little constitutional disturbance, and a ten 
spread to other infants ; and [b) one causing a febrile illness, with an meu a 
period of 27 hours and a duration of only 1 day, and characterized by initial \o 
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varieties. Starch is hydrolyzed. Both coagulated serum and gelatin are liquefied. 
Stab cultures in gelatin often develop a small turnip-shaped area of liquefaction 
at the surface, which by evaporation of the fluid leaves a bubble-like depres- 
sion, while in some growth little or no liquefaction occurs along the needle 
puncture. Other vibrios besides the cholera vibrio, however, produce this 
same type of liquefaction. Growth in milk does not produce any visible change 
for some time, but a slow peptonization without coagulation appears on con- 
tinued incubation. Hydrogen sulfide and indol are produced and. nitrates arc 
reduced to nitrites. The addition of sulfuric acid to a culture of the cholera 
vibrio in nitrate-peptone broth results in the development of a red color— the 
so-called “cholera-red reaction.” This is, of course, the nitroso-indol reaction 
and is given by any bacterium, as the colon bacillus for example, that both 
reduces nitrate and produces indol. Other vibrios give this reaction also. 



Fig 86. Vibrio cholerae (left) and the vibrio of Finite! and Prior (right), showing the 
single polar fiagella. X 2000 (Krai). 


The question of the hemolytic activity of the cholera vibrio has been o co 
siderable importance m relation to its differentiation from the close ) re a 
El Tor vibrios. The term hemolysis, when applied to the vibrios, rc ers 
hemolytic activity as determined by the Greig test in which a 3 per cent 
pension of goat erythrocytes is mixed with an equal quantity oi twen > 
hour broth culture of the vibrio and read after two and four hours p 

at 37° C- By this test the cholera vibrio is non-hcmolytic. 3 As m ica e 
however, some strains of the cholera vibrio are hemolytic on oo ag . ^ 
apparent contradiction has been resolved bv van Lcghem 4 in parucu > 
has shown that in the case of this bacterium at least, blood P ate . hemo- 
a hemochgestive process and basically different from the h ration 
globin from suspensions of erythrocytes. ... - n ,„ nces j s not 

The resistance of the cholera vibrio to various injurious m q) 

great. It is killed by moderately high temperatures (ten ^ | vscn jiiiic 
and is destroyed quickly by chemical disinfectants. It is par i ^ jgj 
3 For a recent study see Read, Pandit and Das. Indian Joar. ’ 

* Cf. van Loghem. Centralbl f. Baht., I Abt., Ong., 19 . ' 
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promotes the multiplication of bacteria in milk and similar foods. This factor 
will clearly be operative to a greater extent in poor-class houses, ill provided with 
the means of keeping foodstuffs clean and cool, than in the houses of the well-to-do. 

The bacteriological findings in summer diarrhoea have been most diverse. 
They were reviewed in some detail in the 2nd edition of this book (pp. 1250-53).' 
Suffice it to say here that members of the dysentery group, Proteus morgani, Proteus 
vulgaris , Ps. jnjocyanea, Cl. welchii, and certain other organisms were all incriminated 
by workers in different countries \ but that no one single pathogenic organism 
was demonstrated by everybody. The only common finding was that non-lactose- 
fermenting organisms were greatly increased in the fames; what the majority 
of these organisms really were remains in doubt. The bacteriological investigation 
of summer diarrhoea was carried out at a time when our technical methods were 
fur less developed than they arc now, and when many members of the Shigella 
and Salmonella groups were unknown. It is fairly clear that no one organism 
could have been responsible for all cases. We are therefore driven to the con- 
clusion that summer diarrhoea, though appearing cpidemiologically to be a well- 
defined disease, was in fact associated with a multiplicity of bacterial agents. 
On the whole it seems probable that the disease was a bacterial infection, the 
prevalence of which was determined by a number of factors, varying to some 
extent independently, but all conditioned directly or indirectly by the prevailing 
temperature. 

During the past 20 or 30 years, summer diarrhoea lias practically disappeared 
from this country (see Tabic 131). The better disposal of garbage, the diminution 
of dust, tho replacement of horse by motor traffic, the decrease in the number 
of flies, the improvement in cleanliness of the milk supply, and the greatly increased 
use of pasteurized, boiled and dried milk in the feeding of infants and children, 
have probably all aided in lessening the chances of bacterial contamination of 
food with pathogenic bacteria. 


Enteritis following the Consumption of Food containing Toxic Substances 
of Bacterial Origin 

Little is known of this group. It is included in Lyon’s (1940) classification 
of the diarrhceal diseases of children ; but owing to the peculiar difficulty of demon- 
strating bacterial toxins concerned in food poisoning, other than that formed 
Cl. botulinum, progress in its study has necessarily been slow. Some strains o 
staphylococci are known to give rise under favourable conditions to an entcrotoxm 
capable of causing acute gastro-enteritis in adults. The toxin may be f° ra,e 
in milk, and it is therefore almost certain that infants and young children e 
on raw cows’ milk must be affected from time to time. Whether other common 
organisms proliferating to a prodigious degree in milk can render the milk toxic 
to infants, either by virtue of their own body substance or by breaking 
some substrate in the milk, is still doubtful- Many years ago Park an 0 
(1903) brought evidence to show that milk containing large numbers °f 00,01 
bacilli, streptococci and micrococci, i.e. bacteriologically dirty milk, was a c 
give rise to gastro-intestinal disturbance in infants, but the exact mechanism 
which this occurs has so far baffled inquiry (see Chapter 93). 


Infective Enteritis of Protozoal Origin 
There is considerable reason for believing that the flagellate, Giardialam i 
may give rise to enteritis in infants and young children. This orgams 
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to drying, if a drop of broth culture be dried on a slide, the vibrios are all dead 
in about two hours. It does not survive long in association with the ordinary’ 
saprophytic bacilli of soil and water, and whether it is able to multiply outside 
the body in impure water is uncertain. Upon the surface oF vegetables and 
fruits kept in a cool, moist place, the vibrios may remain viable for from four 
to seven days The slight resistance of the cholera v ibrio, especially its sensitive- 
ness to drying, explains the rapid and complete disappearance of cholera in once 
infected localities, and also the circumstance that the disease is rarely, if ever, 
air-borne. 

The biochemical structure of the vibrios has been studied at some length by 
Linton and his co-workers . 5 They have described three types of polysaccharide 
and two types of protein present in the cholera and related vibrios. The poly- 


*9 

0 


- •> not 


« 


* « 


0 * 




saccharides were differentiated on the basis of their hydrolysis products; that 
designated type 1 was made up of galactose and an 3ldobionie acid (galactose 
and glucuronic acid), type II of arabinosc and aldobionic acid, and type III 
was a polymer of glucose. The two protein types, both globulins, were dif- 
ferentiated on the basis of raccmization, i.c., optical activity of the hydrolyzed 
protein before and after alkali raccmization These substances occurred in com- 
binations to give six groups of \ibrios, the cholera vibrios falling into groups 
I and 11 which contained the same protein hut polysaccharide types 1 and II 
respectively. The significance of these observations is by no means clear. It 
is evident, however, that the polysaccharide bears no relation to the immuno- 
logical character of the vibrios for the cholera vibrios are immunologically 
homogeneous (see below), and it is inconcciv able that galactose- and arabinose- 
containtng polysaccharides should show identical immunological specificity. 
Appirentlv neither the protein nor polysaccharide fractions are associated with 
the endotoxin. 

*bumnmtm] in ihc review bv Linton: Diet Rev.. 1940, 4 261. 
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it is well to remember that large numbers of children who suffer from respiratory 
infection do not develop gastro-enteritis, and that often quite a high proportion 
of cases of true dysentery develop parenteral infection (Marriott et al 1933}. 
Respiratory infections are much commoner in the winter than the summer, whereas 
gastro-enfceritis tends, if anything, to show the reverse seasonal incidence. It is 
improbable, therefore, that parenteral infection is responsible for more than a 
small proportion of cases of gastro-enteritis. This conclusion is also reached by 
Wright and Wright (1946) in a paper which, in its statistical approach to the problem 
of infantile diarrhoea and enteritis, well repays study. 

We may perhaps include here a mention of 'occasional outbreaks of infantile 
enteritis that accompany an influenzal type of disease in the mothers and nursing 
staff ; the disease in the babies has a high case-fatality rate, and hemorrhagic 
pneumonia may be found post mortem (Kirby et al. 1950). 

In the United States Buddingh and Dodd (1944) described a disease of infants 
characterized by stomatitis and to a less extent diarrhoea. Numerous fine vesicles 
appear on the mucosa of the tongue and gums and go on to superficial ulceration 
and desquamation. There is little or no fever. In about a third of the cases there 
is an accompanying diarrhoea with much mucus and occasionally flecks of blood. 
The disease lasts for 7-10 days, but often relapses. It is highly contagious. 
Evidence is brought to show that the causal agent is a filtrable virus which is present 
in the vesicles and in the stools. Inoculated on to the scarified cornea of the 
rabbit it gives rise to a severe inflammatory reaction which passes off in 3-4 days 
and which unlike herpes is not purulent, does not leave behind a permanent corneal 
opacity, and is not characterized by the presence of inclusion bodies. 


Prophylaxis and Treatment 

Broadly speaking, the prevention of enteritis lies in the protection of the food 
supply from contamination, the provision of good general hygienic conditions, 
and the separation as far as possible from each other of infants and children and® 1 
2 years of age. Reference has already been made under summer diarrkea to 
the beneficial effect of reducing the fly population (see also Lindsay el ol. 1953), 
and to the replacement of raw by pasteurized, boiled or dried milk. ^Vhenmr 
possible, breast-feeding should be preferred to artificial feeding Raw cows w' 
may be contaminated from so many different sources — the cow itself, the person 
handling the milk, impure water used for cleansing the utensils, dirty hottk’i e3 ' 
and rodents — that it should never be given to infants and young children- ' e 
milk produced under cleanly conditions on the farm, such as Tuberculin €S 
milk, may be contaminated from one or more of the sources just mention* , 
should therefore always be pasteurized or brought rapidly to the boil an M ° 
The importance of good hygienic conditions is obvious. In particu at, c 
should be exercised to protect infants against exposure to undue heat 01 c0 
to minimize their risk of contact with other persons suffering from respira of 
intestinal infection. The desirability of rearing infants during their first J ^ 
of life under relatively segregated conditions is not yet fully appreciate ■ ® ( j lC 

diarrhcea is so common in institutions that no encouragement shoul © g iv ® 
establishment of nurseries for children under 2 years of age No effectively 

ers of infants die knaves* 

sanly every year as the result of contracting gastro-euunitis in hospitals 
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Toxin. The evidences of profound toxemia in human infections with 
the cholera vibrio are strongly suggestive of the formation of toxic substances 
by this microorganism. It was early shown by Pfeiffer 0 that, while filtrates of 
young broth cultures were only slightly toxic, vibrios killed with heat or 
chloroform from young agar cultures were markedly toxic to guinea pigs 
on intrapcritoncal inoculation. The toxicity of cell-free filtrates of old broth 
cultures led a number of the earlier investigators to the conclusion that a solu- 
ble exotoxin is produced. It is now established, however, that no exotoxin is 
formed and the toxicity of old broth cultures is attributable to dissolution of 
the vibrios and the liberation of endotoxin. 

The endotoxin is heat-stable and it was early found by Metchnikoff to be 
diffusible through collodion sacs . 7 The isolation of a toxic protein has been 
reported by some workers* and the toxicity has been extracted by the trichlora- 
cetic acid method.” On the basis of the latter observations it has been assumed 
that the toxin is a polysaccharide-lipid complex similar to those isolated from 
typhoid and dysentery bacilli; this conclusion is not, however, supported by 
unequivocal evidence. More recently it has been found 10 that the cholera toxin 
is associated, and possibly identical, with a dialyzable phosphol ipid which may 
be extracted from the intact vibrios with organic solvents sueh'as alcohol, ether 
and chloroform. 

Though in general the pharmacological activity of the bacterial endotoxins 
is not characteristic, it has been reported" that the intravenous inoculation 
of experimental animals with toxic preparations produces a diarrhea and 
pathologic changes in the intestine and kidneys not unlike those observed in 
human cholera. It has been shown by Burrows, Wagner and Mather 1 - that 
purified toxin markedly increases the permeability of the isolated strip ot 
intestine to fluids. In any case, the cholera toxin seems to have a special a - 
Unity for the epithelium and causes a shredding of the epithelium of the in 
testine and gallbladder in human cholera. , . 

The antigenicity of the cholera toxin has been open to some question or, 
in general, the antitoxic qualities of cholera antiserum are only feeb e at es . 
Some workers have, however, reported 13 the preparation of effective antitoxin 
The purified lipid toxin has been found to be antigenic in that antisera 
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show marked protective qualities as measured by the mouse protection test. 14 

Antigenic Structure. The first demonstration of bacterial agglutination 
with homologous immune serum by Gruber and Durham 1 ’ 1 was the agglutina- 
tion of the cholera vibrio and the typhoid bacillus. It was soon apparent that 
the agglutination reaction was specific and it has been used for the identifica- 
tion of the cholera vibrio since. The antigenic structure of the cholera and 
related vibrios has, therefore, been of considerable interest in connection with 
the differentiation of V'. cholerae. 

The existence of serologic types within this group was shown by Japanese 
workers Kabcshima 16 demonstrated the existence of two types by cross ab- 
sorption and designated one “original" or J, and the other “variant" or F. A 
third serologic type was found by Nobcchi 17 which he designated “inter- 
mediate" or "middle” since it appeared to have affinities with the other two 
The “original” and “variant" types, sometimes called “end types,” arc now 
known as Inaba and Ogawa types respectively, and the “middle” type is called 
Hilcojima. All three are equally capable of causing epidemic cholera, but Inaba 
is most common, practically the only t>pc in India, and Ilikojima is least 
common. 

It was shown by Baltcanu 1 ' 4 that vibrios, like other motile bacteria, contain 
both heat-stable, somatic, or O antigen and heat-labile flagellar or H antigen 
Shousha ,1> found that the O antigen of the cholera vibrio is specific, while 
the H antigen is shared with a variety of non-cholcra vibrios such as water 
vibrios and the like. Gardner and Vcnkatraman 2 " have carried this analysis 
further and found that most vibrios can be differentiated into six groups 
which they designated by Roman numerals based on the specificity of the O 
antigen. Group I contains all of the cholera vibrios and some El Tor vibrios 
Serological identification of the cholera vibrio, therefore, requires the use of 
^specific O antiserum. Since the El Tor vibrios arc hemolytic, the cholera vibrio 
is defined as a non-hcmolytic member of Group I. Gardner and Vcnkatraman 
account for the specific agglutination of earlier workers on the basis that O 
agglutination occurs more rapidly than H agglutination and hence was ob 
served first. A detailed anal) sis of the O and II antigenic structure of the 
cholera and related vibrios by Burrows ct al. 21 showed that a group-specific O 
antigen, designated A, is shared by all vibrios of Group I, and that the Jap- 
anese types arc determined by subsidiary O antigens, B and C, and arbitrarily 
designated t ype-spec ific. It was suggested that the Japanese types be indicated 
by their antigenic formulae, i c., Inaba as Type AC, Ogawa as T>pc AB, and 
I likojima as Type ABG Vibrios containing the group antigen but lacking 
these type-specific antigens have been found and thus constitute a new type 
The 1 1 antigens, designated by arabic numerals, and other components of the O 
antigen arc shared by the O Group I vibrios with vibrios of other O groups. 

'* Burrows, Mather, Wagner and McCann Proc. Soc. Exp Biol. Med.. 1944. 57 308. 

15 Gruber and Durham Munich Med. Wnch . 1896, -43 285. 

** Kabcshima as early at 1912. original articles m Japanese, cited bs Nobcchi. 

,T Nnhcchi* Sci. Rept. Cost. Inst. Inf. Dis , Tolsn. 1923. 2 29, -43. 

>' Balteanu Jour. Path. Baer.. 192b. 29 251. 

** Shouslu Jour. Pgspr. Med. Assn., 1931, p. 433. 

*" Gardner and Venkatraman: Jour. H>g. 1935, 35 262 

81 Burrows, Mather, McCann and Wagner Jour. Inf Dis., 1946. 79 168. 



CHAPTER 72 

BACTERIAL FOOD POISONING AND BOTULISM 

FOOD POISONING 


Definition.— The consumption of unwholesome food or drink may give rise not 
only to well-known bacterial infections such as enteric fever, dysentery, cholera, 
tuberculosis, undulant fever, scarlet fever, septic sore throat, and so on, and to 
helminth infections such as trichinosis, in which the food serves as a vehicle for 
the specific infective organism, but also to such diverse conditions as those due 
to the ingestion of inherently poisonous substances — for example deadly night- 
shade, hemlock, poisonous fish, toadstools, and ergot-infected grain— and those 
in which the food has become contaminated directly with such poisons as arsenic, 
tin, antimony, cadmium or other heavy metals, or with chemicals such as sodium 
fluoride, or tri-(ortho~cresyl)-phosphate, which was responsible for outbreaks of 
so-called “ jake ” or “ ginger " paralysis in the United States (see Smith and 
Elvove 1931) and for a similar outbreak in Durban (Sampson 1942). The term " food 
poisoning,” however, is conventionally restricted to acute gastro-enteritis due to 
the bacterial infection of food or drink. So defined, it is divided into two groups: 
(1) that following the multiplication within the body of pathogenic organisms 
contained in the food ; this may be referred to as the “ infection ” type, (2) that 
following the ingestion of food in which poisonous substances have been formed 
as the result of bacterial proliferation ; this may be referred to as the ‘ toxin 
type. 

Botulism, which is also a consequence of bacterial proliferation in food, differs 
from either of the types just described in the character of the symptoms and fat® 
nature of the toxin concerned ; though, for convenience, it will be discussed w * ° 
chapter in a separate section (p. 1816). Those interested in chemical foodpoisoiu®? 
may be referred to the works of Jordan (1931), Dack (1919), and Tanner 
Tanner (1953) For a review of food poisoning, see Meyer (1953). 

It will be noted that the definition given above excludes food idiosyncrasy a® 
food allergy — conditions in which the food itself is wholesome but the paiicn 3 
reaction is abnormal. In addition, it excludes acute gastro-enteritis, such, as is 
characteristic of the winter vomiting disease (see p. 2011), in which the in 
does not seem to be food-borne ; and gastro-enteritis associated with mamu n ' 
and starvation (see Garcia and Covian 1942). 

Symptomatology. _ . , 

In the infection type of food poisoning, after an incubation period \arjm 0 * . 

4 to 36 hours, but generally between 8 and 24 hours, the illness commences 
severe headache, followed by nausea, vomiting, diarrbcea and oMomina p 
179* 
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The Cholera Vibrio and Related Forms 

A curious terminology has crept into the cholera literature with respect to ag- 
glutination; it is said that a strain which is agglutinated by specific antiserum 
is “agglutinable" while those vibrios which are not agglutinated by cholera 
antiserum are called "inagglutinable" despite the fact that they are readily ag- 
glutinated by homologous antiserum. 


SEROLOGICAL TYPES OF CHOLERA AND PARACHOLERA VIBRIOS 


Japanese Type 

Immunological 

Type 

Name | 

Synonyms 

None 

None 

Type A 

Inaba 

“J,” Japonica 1911, “original,” “end type” 

Type AC 

Ogaw a 

“F,” Formosicana 1911, “variant,” “end type” 

Type AB 

Hikojima 

“Middle type” 

Type ABC 


Variation. The cholera vibrio is well known for its tendency to develop 
bizarre involution forms. These are found not only in old cultures and cul- 
tures grown under somewhat adverse conditions, such as increased salt con- 
centrations, but also are produced by the inclusion of substances such as 
glycine or alanine in the medium. Such changes in morphology are also as- 
sociated with the usual type of S-R dissociation which occurs readily under 
the influence of bacteriophage, lithium chloride, etc., the rough variants show- 
ing distinctive colonial character, spontaneous agglutination in salt solution, 

The immunological changes associated with the S-R dissociation have been 
studied in some detail by White.- 2 He has found that four groups of roug 
variants are immunologically distinguishable, and his Group A appears to cor 
respond to the Group I of Gardner and Venkatraman. Further degeneration 
to the so-called p variants results in a loss of specific 0 antigen. An in epen en^ 
type of variation, rugose-non-rugose, may be induced, and the rugose str j^ 
of S, R and p variants contain an O antigen that is common to bot F 1011 } 
of Group A and vibrios of other groups. 23 A somatic protein antigen as 
isolated by White 24 which is common to all known variants an s ' rs 

cross-precipitin reactions throughout the vibrio group, alt oug 1 
not to be concerned in the agglutination reaction. . I 

Pathogenicity for Man. The causal connection between S1 . a 

era and the microorganism discovered by Koch has been emonsr ^ 
number of laboratory accidents. One of the first occurred in oc is , ^ 

and other infections resulting from the accidental swallowing 0 .. . w3S 

the cholera vibrio have been noted since. In one instance t e sw . ant { tv 
deliberate, Pettcnhofer and Emmerich voluntarily swallow' a * 
of broth culture of “Koch's vibrio” and as a result develop© c 10 


22 White- Jour. Hyg , 1935, 35: 347. 

23 White- Jour. Path. Bact., 1940, 50.160. 
2 * Ibid., 1940, 50.-165. 
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outbreaks they investigated occurred between May and October. Durin" the 
years 1941-50, 3,789 (43-2 per cent.) of incidents in England and Wales out of, 
total of 8,780 about which information was available occurred duriii" the third 

TABLE 136 


Bacterial Food Poisoning in England and Wales. 

(From records of Ministry of Health and Public Health Laboratory Service.) 





Presumed Causal Agents 


Year 

Average 





Annual No 
of Incidents 

Salmonella 

Staphylococci 

Other 

Organisms 

Unknown 






l 

1031-6 . . . 

69 

32 

21 



1936—10. . . 

81 

38 

8 

7 

33 

1941-6 . . . 

324 

270 

15 

3 

CO 

1946. . . . 

684 

660 

7 

8 

9 

1947. . . . 

845 

794 

20 

17 

14 

1048. . . . 

803 

749 

19 

13 

Ol 

1949. . . . 

2,424 

1,369 

97 

84 

S74 

1950. . . 

3,977 

2,021 

82 

67 

1,807 

1051. . . . 

3,345 

1,668 

65 

25 

1,587 

1952. . . . 

3,518 

2,098 

82 

37 

1,301 


The term ** Incidents ” includes outbreaks and sporadic cases, each presumably due to a 
different source of infection ; it does not refer to the total number of persons affected, which 
is of course much larger because in some outbreaks scores or hundreds of persons were affected. 
Outbrealcs and cases caused by dysentery bacilli are excluded. 

Of the 2,021 incidents in 1950 caused by salmonella;, 467 occurred as outbreaks and 1,551 
as sporadic cases. 

Of the 82 incidents in 1950 caused by staphylococci, 67 occurred as outbreaks and 15 m 
sporadic cases. 

Of the 37 incidents in 1952 caused by other organisms, 20 were due to Cl. %ctkhu. 

quarter of the year (Report 3950a, 1953a). Much of our food becomes contaminated 
m one way or another with potentially pathogenic organisms, but bo long as these 
are not allowed to grow to any extent, the risk of food poisoning is small. 


TABLE 137 


Seasonal Incidence of Bacterial Food Poisonino. 
(England and Wales, 1949-1952.) 


Presumed Causal Agents 


Quarter 

j Total 

j 

Naim tjphi- 
tnunum 

, Other 1 

1 Salmonella; 

Stophj In- 
cocci 

Other 

Organisms. 

Unknow i 

First . . 

| 1,308 

519 

214 

32 

23 

520 

Second 

2,313 

1,150 

399 j 

64 

30 

669 

Third . . 

4,500 

2,492 

686 ' 

172 

78 

1,071 

Fourth 

1 2.50” 

1,132 

350 

35 

82 

907 

Not stated 

1 2.G43 

118 

96 

23 

4 

2,402 

Total . 

13,271 1 

5,411 

1 1,745 1 

326 

2.7 ' 

5,569 


Table 137 shows that all classes of bacteria! food poisoning arc most ^ rc( !“ 
the summer months and not only those due to the less specific organisms, 
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Both laboratory cases of cholera and those cases contracted naturally in the 
course of epidemics are marked by great differences in the susceptibility of 
different individuals. This is probably a consequence in part of innate individ- 
ual differences in natural resistance, and in part to predisposing factors. Fatigue, 
the excessive use of alcohol, and various factors leading to mild, non-specific 
gastro-intcstinal derangements predispose in a marked degree to attacks of 
cholera. 

The incubation period is short, it is usually given as three to five days but 
may occasionally be as short as twenty-four hours. When the vibrios have en- 
tered the small intestine and established themselves they multiply rapidly and, 
with autolysis and dissolution of the cells, endotoxin is liberated and symptoms 
appear. There are two clinical stages, the first that of vonittmg and profuse 
diarrhea with the characteristic ncewater stools containing flakes of mucus, 
shed epithelial cells and enormous numbers of the vibrios. With the tre- 
mendous loss of fluid dehydration and hypochloremia become marked, and 
collapse, the algid stage, ensues with circulatory failure, subnormal tempera- 
ture and anuria. Death may occur in either the first or second stage. The case 
fatality rate is over 50 per cent in untreated cases and about BO per cent in 
trejted cases 

At autopsy the small intestine shows marked destruction of the epithelial 
lining and a characteristic subepithelial edema. It is generally said that ulcera- 
tion does not occur in cholera, but Goodpasture 2 ’ has shown that desquama- 
tion of the epithelium is followed by ulceration if the patient survives long 
enough. Other changes are not characteristic and include a prominence of 
lymphoid tissue and cloudy swelling of the kidneys - c 

Cholera in man appears to be largely, if not entirely, a toxemia, for the 
infection is confined to the lumen of the intestine and vibrios are found in 
the organs only rarely. It is not altogether clear whether toxin is absorbed In 
the opinion of many the profound dehydration and hypochloremia and con- 
sequent impairment of renal function are sufficient to cause the clinical 
symptoms and pathology. 

Carriers. On recovery the vibrios disappear rapidly and are discharged for 
only a short time. In the series of 200 cases studied by Ying 27 98 per cent 
were negative by the end of the second week, only a few giving positive cul- 
tures as late as the third and fourth weeks. There appears to be no chronic 
carrier state established in cholera The statements in the literature regarding 
chronic carriers refer to persons who discharge "agglutinable” vibrios of the 
El Tor type, a chronic carrier of typical virulent cholera vibrios has ne\ cr been 
observed. 28 It is probable that casual carriers occur during epidemics but in no 
instance has this been demonstrated bactcriologically. While the convalescent 
carrier, and possibly the casual carrier, may play some part in the spread of the 
disease, the case, especially in the incubation period, is probably by far the 
most important source of infection. 

- 5 Goodpasture Philippine Jour. Sci.. 1923 , 22 413. 

1,1 The pathology is summarized briefly by Banerjce- Jour. Indian Med. Assn., 1939, 

8 39. 

* J Ying. Chinese Med. Jour., 1940, 58 595. 

** The earner question is discussed by Couvy. Bull. Office Internal. d'Hyg Pubhque, 
1933, 25.1149. 
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and had formed thermostable toxic substances. The subsequent cooking to which 
the food was exposed destroyed the organisms themselves, but did not seriously 
affect their toxic products, which were therefore able to give rise to food poison! n* 
on ingestion. No adequate confirmatory evidence of the formation of specific 
exotoxins by members of the Salmonella group was forthcoming, and the balance 
of evidence appeared to lie against this view (but see p. 1812). 

While bacteriologists were speculating about the causation of the non- 
salmonella food-poisoning outbreaks, Dack, Jordan, and their colleagues in Chicago 
(see p. 1808) drew attention to certain outbreaks of poisoning which were proved to 
he due to the presence in the food of a toxin formed by staphylococci. By observa- 
tions made on human volunteers, it was shown that certain strains of staphylococci 
were able to form toxic substances cridowcd with some degree of thermostabil- 
ity. These findings were of special interest in that they afforded conclusive 
proof of the formation of bacterial toxins in the food prior to its consumption. 
Hitherto the only known instance of this was that of botulism— a disease to be 
described later, in which the anaerobic bacillus, Cl. botuUnum , gives rise to an 
extremely potent specific exotoxin with on action, not on the gastro-intestinal 
mucosa, but on the nervous system. 

Other observations by Jordan and by various continental workers cast serious 
suspicion on food in which there had been inordinate bacterial multiplication of any 
type. The inference to be drawn from these observations was that many organisms, 
non-pathogcnic in themselves, such as Bad. coli, Protexts vulgaris, Proteus morgani, 
milk streptococci and others, when allowed to multiply under favourable conditions 
in suitable types of foodstuffs, could give rise to toxie substances having an irritat- 
ing effect on the human gastro-intestinal mucosa. Many workers had toyed 
with this idea of non-specific toxin formation, hut had abandoned it m the 
absence of adequate evidence. The epidemiological, and more recently the 
bacteriological, evidence seems to us, however, to be becoming increasingly strong 
in favour of this view. The pendulum is in fact slowly swinging in the direction 
of the old “ ptomaine " theory, with the distinction that the poisons now re- 
garded ns responsible result not from advanced protein decomposition, but from 
the growth of types of bacteria which can proliferate enormously without greatly 
altering the appearance and taste of the food. What the nature of these pro* 
ducts is remains in doubt. The suggestion that they consist of the autolye 
bacterial bodies themselves (see Jordan 1931, Jordan and Burrows 1935, Sawg* 
1933, Report 1931) is not borne out by human volunteer experiments, aa 1 
seems more probable that they consist of some breakdown product formed r0D * 
the food, or of a buctcrial enzyme which has a specific affinity for some constituen 
of the human gastro-intestinal tract. . 

The real distribution of the different forms of bacterial food poisoning can ” 
be determined with certainty, since the proportion of more severe cases-— main 
of salmonella origin — coming to the notice of the public health authorities is ? Tea , 
than that of the milder cases. Reference to Table 136 shows that m 
and Wales the proportion of incidents due to other or unknown organisin’ 
rapidly after food poisoning was made a notifiable disease in 1949. In 
will be observed that salmonella infections accounted for 50 8 per cent , 8 a P 
coccal intoxication for 2*1 per cent , and other or unknown organisms for * * 1 
cent, of the incidents. These figures arc very different from those quo c J * 
(1950) for the United States where, of 476 outbreaks in which the ac c 



486 


The Cholera Vibrio and Related Forms 


Bacteriological Diagnosis of Asiatic Cholera. As indicated above, 
the vibrios are present in the ricewafer stools in very large numbers and can 
usually be isolated from fresh specimens without difficult)’. At times they 
arc present in sufficient numbers that thgy can be found in stained smears, 
preferably made from a flake of mucusMioth enrichment and direct streaking 
of agar media arc used for cultures. For enrichment a few drops of the stool 
are added to a tube of alkaline (pH 8-0 to 9.0) peptone water. The vibrios 
grow much more rapidly than the other intestinal bacteria and after six to 
eight .hours’ incubation form a thin him of growth on the surface of the 
medium which can be smeared and stained, and streaked on agar. 

A number of agar media have been used for isolation of the cholera vibrio, 
including sfarch-phenolphthalcin agar and the alkaline blood medium of 
Dicudonne. The latter has been the most generally used. In its preparation an 
excess of alkali is added and the poured plate must be ripened, t-e., left partly 
open in the incubator for twenty-four hours to allow the evolved ammonia to 
escape. With storage the p) l continues to drop and the medium becomes Jess 
selective and unsatisfactory. The alkaline hemoglobin medium of Vedder 
and Van Dam 23 is buffered with glycine, requires no ripening, and the pH 
remains constant at 9.5 with storage. It possesses all the advantages and none 
of the disadvantages of Dicudonnes medium. It is sometimes implied that 
these media with a pH at the upper limit of tolerance of the cholera vibrio 
are so highly selective that few if any other intestinal bacteria will grow on 
them. This is not true, for micrococci may be found in abundance on such 
plates, the writer has observed counts of 1000 million bacteria per gram of 
normal guinea pig feces on both Dicudonnes and Vedder and Van Dams 
media. However, colonies of the cholera vibrio are readily distinguished and 
may be picked and identified by slide agglutination with monospecific O ant\- 
scrum. With clinically typical cholera in an epidemic this is sufficient identi- 
fication. A negative Greig test, fermentation of sucrose and mannose an 
failure to ferment arabinosc, and positive indol and nitrite (cholera-re ) re- 


actions further substantiate the identification. . 

Epidemiology. As indicated earlier, the great endemic focus o l ^‘ 
cholera is in India, especially in the delta of the Ganges River. Recent evi e 
has indicated that there is also an endemic area in China, in the _va cy o ^ 
Yuan River which flows into the Yangtse River through Tun mg a 
Whether this is recently established or recently discovered is not non 
any case, the disease spreads out in epidemic form from t esc 
year, occurring regularly throughout India, in the Yangtse a e y a 
the China coast. The entire Far Hast is affected at one time or a f 10 ’ {0 

daily China and French In do-Cbina, and the disease appears ro ^ 

time in Manchuria and japan. The lastgeneralouthreakin^he ^ PP^ 

Islands was in 1934; a few cases appeared in 1935 and ■ £ gg w 

distribution differs greatly from year to year and that indicate n 


only an approximation ntkeims going 

Infection spreads to the west especially via the pngtimag , i ^ f r0 m 
from the delta of the Ganges to Arabia and Mecca transmit it o p 

29 Vedder and Van Dam: Nederl. Tijdschr. v. H>g. CI i^9 33 213. 

30 Robertson and Pollitzer Trans. Uov. Soe. Trop. Med. }8> 
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of salmonella strains in the United States will be found in papers by Seligmann 
Saphra and Wassermann (1943), Rubenstein, Feemster and Smith (1944) Galton 
and Hardy (1918), and FelscnfeJd and Young (1949). 

In Denmark, during the years 1936-10, the types most often responsible for out- 
breaks of food poisoning were Salm. lyphi-murium, Sahn. enterilidis and Saint, dublin 
(Harhoff 1941). In all three countries, therefore, Salm. typhi-murium heads thelist, 
and in Great Britain is responsible for three-quarters of all infections. 

TABLE 138 


Typos of Salmonella isolated fkom Cases or Outbreaks of Food Poisoning 
IN England and Wales. (From records of Salmonella Reference Laboratory.) 



1023—10 

1011-5 

1010 

1017 

101S 

1040 

1050 

1051 

' 1952 

Saint, typhhmnnum 

279 

712 

573 

473 

663 

1,053 

1,593 

1,236 

1,604 

Salm enterilidis . 

72 

135 

28 

35 

43 

51 

91 

99 

145 

Salm. thorn pstm . 

74 

87 

38 

28 

57 

82 

67 

97 

90 

Salm. nru‘)>ort 

42 

134 

13 

26 

34 

53 

77 

71 

40 

Salm cholcnr.ttuis . 

15 

8 

2 

1 

5 

2 

5 

7 

8 

Salm. bat n-morbijicam . 

11 

18 

2 

9 

14 

13 

23 

14 

C 

Sahn. dul/Un .... 

13 

9 

9 

22 

22 

24 

40 

23 

17 

Sahn. jtotsdam . 

5 

2 

4 

1 

5 


10 

3 

4 

Sahn. senftenbrrg . . 

5 

0 


8 

4 


3 

G 

2 

Sahn. derby .... 

6 

7 

1 


— 


7 

5 

6 

Sahn. eastbournc 

2 

— 

— 

1 

— 

— 

— 

— 

— 

Salm. Stanley 

3 

I 

— 


4 

8 

1 

4 

19 

Sahn. london .... 

10 

— 

— 


1 

— 

— 

3 

4 

Salm. aberdeen . 

5 

1 

2 

— 

1 

3 


l 

— 

Sahn. anatum 


20 

4 

4 

9 

8 

20 

11 

10 

Salm. reading 

— 

3 

— 

— 


— 

3 

2 

2 

Salm. orantenburg . 

— 

90 

8 

19 

8 

9 

11 

6 


Sahn. monlevideo 

— 

62 

16 

13 

17 

9 

18 

23 


Sahn. meleagndis 

— 

24 

2 

1 

1 

2 

3 

— 

- 

Sahn. ttnnessee . 

— 

10 

— 

« 

8 

2 

13 


15 

Sahn bareilly 

— 

G 

1 

7 

2 

1 

14 

5 

Salm. rhester .... 

— 

10 

— 

1 


“ 



| 

Other named types . 

o 

40 

15 

10 

10 

31 

45 

67 

79 

61 

Unidentified 

23 

61 

2S 

24 

— 

37 



Total 

567 

1,446 

748 

6S9 

908 

1,393 

2,089 

1,711 

2,142 


Note . — The figures refer to the "" ^ 

the number of cases or strains studi 1 1 c | off 

being duo mainly to the inclusion ' 

the double lme were introduced duri 0 
spray-dried egg. 

Besides members of the Salmonella group, certain organisms of the dysentery 
group, particularly Sh. sonnei and Sh. flexneri, may be concerned in the pro uc ’ 
of food poisoning. More usually these organisms give rise to dysentery, 
occasionally their ingestion in food is followed by typical gastro-ententis ( a P 
and Hunter 1928, Sowden 1933, Scott 1936). 

Animal Reservoirs of Salmonella.— Though human infection with 
is widespread and frequent, the majority of food-poisoning outbreaks due 
group of organisms follow the consumption of food directly or indirectly ass 
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Egypt and Algiers. The quarantine stations at El Tor and Basra (see map) 
serve to keep the disease out of Europe m normal times though it seeps through 
into Iran and Iraq with some frequency There was cholera m Europe during 
the Balkan War and the First World War and the disease occurred in epidemic 
form m Eastern Europe m 1921 and 1922. There has been no cholera in the 
United States proper since 1911. 

As in the other enteric infections, the connecting link in the dissemination 
of cholera is between infected feces and the mouths of susceptible persons In 



Fir 88. The approximate distribution of Asiatic cholera The precise distribution can- 
not be show n because of great variability from time to time. This represents an approxi 
mate distribution during the decade 1930-1940 Based in part on map prepared bv Armv 
Medical Intelligence, 1943, epidemiological reports of the League of Nations, and v jrmus 
authors. (Based on Goode Base Map No 205. By permission of the University of 
Chicago Press.) 

consequence, the disease is frequently water-borne and may be transmuted by 
an\ food ordinarily consumed in the raw state. The quantitative importance 
of contact infection is not known. Cholera differs from the other enteric 
diseases, however, in the highly explosive character of the outbreaks, which is 
attributable to the short incubation period, the high case fatality rale, and its 
rapid and permanent disappearance when the outhreak has subsided The last 
is due in part, perhaps, to the inability of the vibrio to survive long apart from 
the host, but more important is the limited duration of the com alcsccnt carrier 
state and the absence of chronic carriers. In a sense cholera is one of the easiest 
to control of the highly contagious diseases for it cannot spread when sanitary 
facilities, i.c., sewage disposal. W3tcr supply, etc., are in efficient operation A 
striking instance of this was reported in the Balkan War in 1913 in which in- 
fection was widespread in the Bulgarian Army about Sofia, but cases in the 
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From these findings it may be concluded that birds, particularly chickens 
turkeys, and ducks, arc often infected with Salmonella. They constitute, in fact 
the biggest known reservoir of salmonella?. Practically every type so far met 
with has been isolated in cases of food poisoning in man. 

Eggs may be infected during their formation in the oviduct, as in ducks, or 
by passage of the organisms through the shell from the fxces on the exterior, as 
in hens and ducks (Scott 1933, Kathe and Lerehe 1936, Lcrchc 1936, Jansen 1937). 
Penetration of the shell depends on a number of factors. If the shell is dry, little 
penetration will occur, and the bactericidal effect of the egg albumen will probably 
prevent growth of the few organisms that may pass through. When, however, a 
warm newly laid egg is brought into contact with fluid containing bacteria at a lower 
temperature than the egg itself, bacteria are readily sucked through the shell as the 
egg cools (Haines and Moran 1940). Whether multiplication occurs in the yolk is 
doubtful ; but it is well to remember that, according to Prescott and Tanner 
(1938), most foods must be stored at 5° C. or below to ensure that no growth of 
these organisms takes place. 

Pigs rival fowls in the frequency with which they are infected with Salmonella. 


In Uruguay, Hormaecho and Salsamendi (1936) examined the pooled mesenteric 
lymph nodes from 20 normal animals at a time. Salmonella organisms were isolated 
from 22 out of 62 batches An even higher proportion of positive results was obtained 
by tbo same authors (1939) in a later investigation. In this country, Scott (1940) examined 
pooled mesenteric lymph nodes and pooled spleens from apparently normal pigs, and 
isolated Salmonella from 30 out of 100 batches, representing an aggregate of 1,000 pigs. 
The lymph nodes were far more often infected than the spleen. A similar investigation 
undertaken during the war led to the isolation of 133 strains of Salmonella from 1,038 
batches of lymph nodes representing a total of 5,285 pigs (Report 1947). Infection with 
a much wider variety of types was found in this investigation than in that by Scott, 


apparently as the result of feeding condemned batches of imported spray-dried egg to pigs 
Smith and Buxton (1951) isolated salmonella; from the feces of 4 out of COO apparently 
healthy animals. In the Netherlands salmonella; were cultured from 14/503 (2 8 per cent ) 
of mesenteric lymph nodes (Clarcnburg el al. 1949). In the U.S.A. Rubin, Scherago an 
Heaver (19-42) found that about 10 per cent, of bogs m Lexington contained Salute 
in the mesenteric tymph nodes; and Cherry, Scherago and Weaver (1943) isolated 
liionellae from 5 9 per cent, of retail pig products, chiefly brain, chops and liver ™ 
Mexico, Varela and Zoraya (1942) (see also Varela and Olarte 1952) isolated 16 strain* 0 
Salmonella from mesenteric lymph nodes taken from a total of 200 apparently I 03 * I 
pigs. The types found in these different countries comprised cholerce-suis, iyphi-mti^ m ’ 
anatum, tkompson, net eport, montevideo, oranienburg , Oregon, derby, enteritidis, ’ 

senftenberg, give, nemnglon, barcllly, lexington, bredeney, new-brunsicick, tcorlh inglon, pa na ™ ’ 
dublin , bovis-morbificans, london, reading, nonrich, Chester, muenchen, heidelberg, meleagn * • 
and tnfantis In addition, Edwards and Bruner (1943) and Bruner and Moran ( _ 

include occasional strains of paratyphi D, saint-paul, san-juan, kentucky, m * ssiss ^'^ 
poana and cerro. Bairn, cholerce-suis is probably the commonest type, because o 
frequency with winch it is found as a secondary invader in swine fever. 

Cattle constitute a less important reservoir for Salmonella, than either 
or pigs ; and the number of different types that have been isolated rom 
is considerably less. 

Knotl. (1930), Bartel (1938), Pohl (1938), and Lutjo (1939) Anned that 
monest types in Germany arc Salm. duUin and Salm. typki-mvnum, bu > tt us . ( qut, 
met with much less frequently, include choleros-sids, enteritidis, ros oc , 
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of living vibrios; if peritoneal fluid is withdrawn from time to time and exam- 
ined, it will be found that the vibrios lose their motility, become swollen and 
misshapen and then disintegrate. The phenomenon may be produced in vitro 
with potent antiserum and complement. 


PA It AC! 10 LERA VIMHOS AM) NON-CIIOIXRA VIBRIOS 


For the most part ns an adjunct to the study of the cholera vibrio, a con- 
siderable number of vibrios have been isolated from water and from the feces 
of individuals suffering from mild diarrhea] disease, so-called cholera nostra. 
Some of these have been given place names such as Vibrio dtmuhietts, Vibrio 
ghitlda, Vibrio vtasscitudi, etc. A phosphorescent vibrio, Vibrio fhosphoreseeus, 
has been isolated from water, and Vibrio protons from human feces. All of these 
differ immunological!)* from the cholera vibrio, i.e., belong to 0 Groups other 
than I, and have faded from genera! interest. Some may possibly bare feeble 
pathogenic properties but in tropical and subtropical regions where diarrhea! 
disease is common (and of varied etiology) and great numbers of vibrios are 
present in water used for drinbing, it is not surprising that they are occasionally 
found in fecal sjxtcimcns though unrelated to a disease condition. In general, 
the group of vibrios is very poorly known from tire biological point of view. 

The El Tor Vibrios. The best known of the so-called paracholcra vibrios 
are those which were first isolated at the Tor quarantine station in 1906 
from pilgrims suffering from diarrhea! disease. A considerable number of 
strains was isolated at Tor in 1930 and 1931 by Doorenbos, and apparently 
these vibrios can be isolated with some frequency there. Very many, though 
not all, of the El Tor strains are ‘'agglutinable,” that is to say, agglutinate with 
anticholcra sera, and have been shown to belong to 0 Group I by Gardner 
and Venkatramnn. These, like the cholera vibrio, contain both group- and 
t) {ic-spccific O antigens, giving rise to El Tor vibrios of the In aba type or Type 
AC, etc. The agglutinable strains differ from the cholera vibrio only m that 
they arc actively hemolytic as noted earlier; a number of physiologies tests, 
»uch as the Voges-Proshaucr reaction, have been said to differentiate t c tu° 


Inn none has proved to be reliable. - 

The relationship of these vibrios to Asiatic cholera has l>een a matter o con 
siderable interest; aside from general considerations, their presence raises ^ 
specific practical question at quarantine stations. Doorenbos'- is stron .£, \ ? 
the opinion that two types of cholera may be distinguished, the epi 
form caused by the classic cholera vibrio, and the endemic Form ca - 
atypical variants of V. cholcrnc such as the El Tor vibrio; inherent m i 
assumption that the El Tor vibrios may become typical V. choerae. 
is not generally accepted and it is believed that the £1 Tor si no, 
given the specific name Vibrio El Tor, has some pathogenic powers ^' c 
be causally associated with diarrheal disease, but neither t e v* L 
disease is related to V. cholerae and Asiatic cholera in the sense o |j em0 - 
Tbe Celebes Vibrio. The question of the pathogenicit) o 
lytic agglutinable vibrios was raised again by the occurrence o , ^ 
apparently of cholera, in Celebes in 1937 and 1938 which was r P° ^ 

* 2 Doorenbos Rev, d’ Hyg. et de Med. Preventive, 1936, 5S-595, 675, 73 , 

59 : 22 , 105, Jour Egypt. Med. Assn., 1938, 21 : 279. 
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by disturbances occurring at parturition, and 19-48 per cent, by other manifesta- 
tions. It seems probable that meat from such animals is far more likely to be 
dangerous to human beings than meat from animals which are suffering from no 
more than a latent infection of the glands or spleen. This is in accordance with 
epidemiological evidence, which shows that in most instances of food poisonin' 
due to the consumption of flesh from an infected animal, the animal has been 
“ emergency-slaughtered.” In Germany, such animals afford a frequent source 
of human infection. No fewer than 120 of the German outbreaks recorded by 
Meyer (1929) between the years 1923 and 1928 were due to this cause. In Great 
Britain and the United States, on the other hand, the consumption of meat from 
obviously sick animals is far les3 common, and most salmonella food-poisonin' 
outbreaks are due to contamination of meat from a healthy animal after slaughter. 
Exceptions do, however, occur. Animals that appear to be healthy in the abattoir 
may nevertheless be suffering from a generalized salmonella infection. Scott (see 
Report 1936), for example, records an outbreak traced to the carcass of an animal 
that was almost certainly suffering from septicaemia. The carcass was not notice- 
ably unhealthy, yet from all parts of it Salm. typki-murium was isolated. Retz 
(1937) likewise describes an outbreak due to the same organism which was traced 
to the meat of a young cow. This animal had been inspected by the veterinarian 
before slaughter and had been reported as in prime condition. No evidence of 
disease was found on examination of the carcass, but Salm. typhi-munum was 
isolated from a number of animals on the farm from which the cow came. A 


further exception must be made for certain milk-borne outbreaks in which either 
the udder of the cow is shown to be infected, or the milk becomes contaminated 
from the infected fteces of the animal. Outbreaks of the former type have been 
recorded by Kinloch, Smith and Taylor (1926) and Tulloch (1939), and of the 
latter type by McAlian and Howie (1931) and Conybeare and Thornton (1938) 
Healthy carriers among animals and birds are known to be common (see pp. 1801-01), 
but probably play little part m the genesis of food poisoning. 

Passing on to the second method of infection, we may note that opportunities 
for sound meat to be contaminated during the course of preparation for food are 


numerous, though it is notoriously difficult to detect the way in which any given 
article has been infected. The main sources are rats and mice, and human carried 
The frequency of rodent typhoid varies in different countries, and in different 
parts of the same country, and is often increased locally by the use of ‘ virus 
preparations containing living salmonella organisms for the extermination of ruts 
and mice. It is well known that infected animals, while suffering from a chronic 


disease, or showing no obvious symptoms of illness, may excrete the causative organ 
ism in the faeces for weeks or months (Topley and Ayrton 1924). Moreover, W 
the faeces themselves, salmonella? may survive under favourable conditions °r 
5 months or longer (Welch et al. 1941). Food prepared in unsanitary premises 
is liable to be contaminated from the droppings of these animals. It is usua y 
difficult to obtain conclusive evidence that the food has been infected in t w 
but outbreaks suggestive of a rodent source of infection have been desen e 
Bainbridge (1912), Willfuhr and Wendtlandt (1921), Spray (1926) and Jonesa 
Wright (1936). In addition, several outbreaks are on record in whic in e 
has been traced, directly or indirectly, to the use of “virus” P re P ar * 
Shibayama 1907, Jordan 1931, Kristensen and Bojlen 1931, Harhoff 194 , 

1942, Dathan et al 1947, Kokko 1947). 
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Other Pathogenic Vthrtos 

Moor. 43 About 400 strains of the vibrio were isolated and all proved to be 
hemolytic and agglutmable with cholera antiserum, van Loghem 44 found 
representative strains to be indistinguishable from the El Tor vibrio With 
the outbreak of war in Europe and the Far East these strains were no longer 
available and do not seem to have been studied further. This epidemic, in 
which many cases were clinically indistinguishable from cholera though some 
were mild, is convincing evidence of a high degree of pathogenicity of at least 
some strains of the hemolytic agglutmable vibrios 

Other Pathogenic Vibrios. A number of other vibrios are known which 
produce disease in animals but which are apparently not pathogenic for man. 
Vi brio metchnikovii was isolated m 1888 from fowls suffering from an epi- 
demic disease resembling fowl cholera. It closely resembles the cholera vibrio 
morphologically and physiologically and is highly pathogenic for guinea pigs 
and pigeons while the cholera vibrio is not pathogenic for the latter. It differs 
from V. cholerae immunologically and is neither agglutinated nor lysed by 
anticholera serum. An infectious abortion of sheep caused by Vibrio fetus was 
described by McFadyean and Stockman 4,1 in England and also occurs in this 
country but is not prevalent The vibrio is relatively difficult to cultivate and is 
biochemically inactive, fermenting none of the sugars It is not pathogenic 
for guinea pigs. An epidemic disease of carp and other fish caused by a vibrio 
designated Vibrio pisemm has been described by David 46 The vibrio resembled 
the cholera vibrio morphologically, and was immunologically related to it. A 
vibrio to which no formal name was assigned has been described by Doyle 47 as 
associated with swine dysentery. This vibrio was very difficult to cultivate and 
its relationship to the other vibrios is not as yet clear 

4 »de Moor- Bull. Office Internal d’Hyg. Publique, 1938, 30 1510, see also de Vogel: 
ibid, 1940, 32 556 

11 \an Logfiem Bull. Office Internal d’Hjg publique, 1938, 30.1520 

4S McFadyean and Stockman Report of the Departmental Committee appointed by 


Doyle Amer Jour Vet. Res , 1944, 5.3. 
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How far the chronic human carrier is responsible for infection of food must, howcm 
await further observation. ’ * 

Before leaving this subject attention should be drawn to the apparent infre- 
quency of salmonella food poisoning in man in spite of the widespread incidence 
of infection in domestic animals, and their products used for food, and in rodents. 
Scott (Report 1929) explained this discrepancy on the assumption that large 
doses of Salmonella were probably required for infection of man. In typhoid, 
cholera and probably dysentery, minute amounts of infective material may suffice 
to cause disease ; but in food poisoning large doses are generally necessary. 
Savage (1942a) ably developed this theme in relation to paratyphoid fever; 
and Hormaeche, Peluffo and Aleppo (1936) supported it by human volunteer 
experiments with Salm. typhi-murium, These workers found that adults might 
ingest as many as 2,000 to 4,000 million organisms without suffering from any 
symptoms at all, or from not more than mild afebrile diarrhoea. Infants and old 
persons, however, appear to be considerably more susceptible, and fatal cases 
are restricted mainly to these two age groups. 

Not too much attention should be paid to the doses just mentioned. The 
infecting dose probably vanes greatly with the strain of organism, the medium in . 
which it has been grown, and the susceptibility of the human subject. McCullough 
and Eisele (1951a, 6), who carried out feeding experiments on volunteers in prisons, 
found a great variation in the dose required to produce illness. In some men 
illness was caused by as few as 125,000 organisms of Salm. bareilly and 152,000 
of Salm. nctiport, though others resisted doses of 1,700,000 and 1,350,000 respec- 
tively. None of the volunteers that ingested Salm. derby became ill till a dose of 
15,000,000 organisms was reached. One strain of Salm. ana turn had an infecting 
dose of under 1 million, whereas another strain had an infecting dose of about 
50 million With Salm. vicleagndis the infecting dose ranged from 7 to 24 million 
Symptomless infection, as judged by focal excretion, was often set up with much 
smaller doses than those required to cause illness. 


Staphylococcal Toxin Poisoning 

As Dack (1949) pointed out, the ability of some strains of staphylococci to 
produce a toxic substance capable of irritating the gastro-intestinal tract. W* 
been discovered four times — by Denys (1894) in Belgium, by Owen (190 ?) 10 
the United States, by Barber (1914) in the Philippines, and by Dack, 
Woolpert and Wiggers (1930) in the United States. In 1914 Barber, work^o 
in the Philippines, reported a very clear instance of a “ toxin ” outbreak oe 
to the growth of a white staphylococcus in the milk of a certain cow. . Imnie i 
ately after withdrawal from the udder, the milk could be consumed with fop^ 1 f’ 
but when consumed after standing for a few hours at room temperature, 28 -39 
it gave rise within about 2 hours to nausea, vomiting, abdominal pain, diarr cm, 
cramps, and faintness. Similar symptoms were produced in human volun « 
by the consumption of pure milk cultures of the strain of Staph, albus iso a 
from the cow in question, i " ■ of the 

This report furnished in i ■ ' wever. 

causative factors responsible tor a “toxin outuicaa. wiaui^- »j> *° ,^1 

no particular attention seems to have been paid to it, and it was not ti e . 
covcry several years later by Dack and his colleagues (1930) of staphylococca 
poisoning that the subject attracted the attention it deserved. Since a 
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BRUCELLA 1 

Undulant Fever, Contagious Abortion of Cattle 


In 1887 Bruce, while investigating the human disease known as Malta 
fever, Mediterranean fever or undulant fever, discovered a microorganism 
in the spleen of fatal cases of the disease which he designated Micrococcus 
melitensis. A disease of goats transmissible to man, this affection not only 
is common on the island of Malta, where British garrisons have been often 
seriously affected, but occurs also on neighboring islands and on the shores 
of the Mediterranean Sea, and has been occasionally reported from India, 
South Africa, the Philippines and the West Indies. It was first brought to 
attention in the United States about 1911. 

In 1897 Bang, in Denmark, isolated a microorganism responsible for a 
contagious abortion in cattle, an affection now commonly known as Bangs 
disease, which he termed Bacillus abortus. The isolation and cultivation of 
this bacterium in the United States were first recorded by MacNeal and 
Kerrinl910. 

These two diseases, one pnmarily of goats and secondarily of man, and 
the other, one of cattle, were long studied quite independently, and appar- 
ently no connection between the two was recognized prior to the work o 
Evans 2 in 1918. This worker demonstrated the remarkably close morp o- 
logical, cultural and serological relationship existing between these bacteria 
which are now recognized as being intimately related to one another. 

In 1914 Traum isolated from fetuses prematurely expelled from sows . 
bacterium which is now known to be closely related to the bacterium 
Bang’s disease and that of undulant fever. Regarded as three species, e 
bacteria have been given the generic name of Brucella and are esign 1 
as Brucella melitensis. Brucella abortus and Brucella suis. In ection 
these bacteria is often termed "brucellosis.” . , l ft 

Morphology and Staining. The Brucella are small <Wj“‘ ° g in 

bacillary forms varying from 0.4 to 3.0 p in length and from ' * ^ 

breadth. Some variability is noted, and both coccoid and aC * jj ac jllary 
may appear intermingled. There is a greater tendency to t e co 
form in Br. melitensis than in Br. suis, with Br. abortus interm 

1 For a detailed discussion of these bacteria see Huddleson BntceUosi 

Animals. 2nd ed. The Commonwealth Fund, New York. 1939. 37:139. 

2 See the general discussion by Evans. Amer. Jour. Pub Ilea t , 
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The enterotoxin gives rise to acute gastroenteritis with severe collapse when 
consumed by human volunteers in doses of 2-10 ml., but different persons vary 
in their susceptibility towards it. It is practically non-toxic when fed to most 
laboratory animals, though young rhesus monkeys may be affected after a dose 
of 25-50 ml. It is of doubtful antigenicity, and little tolerance to it seems to be 
developed in the human subject as the result of repeated dosage (see Jordan 1930, 
Jordan, Back and Woolpert 1931, Back, Jordan and Woolpert 1931a, Dack et ai 
3931h, Jordan and Burrows 1933); though Bolman (1944) claims to have been 
able to immunize human subjects against it by repeated subcutaneous injections 
of a formol toxoid preparation. 


Food Poisoning due to Clostridium welchii 

How Cl. welchn acts is still not clear, but no doubt exists any longer of the 
role of this organism in causing one characteristic form of food poisoning. During 
the war several outbreaks occurred in children partaking of school dinners pre- 
pared in a communal kitchen (Knox and Macdonald 1943). Symptoms began after 
an incubation period ranging from 8 to 18 hours, and consisted of nausea, abdominal 
cramps and diarrhoea lasting for about 12 hours. Inquiry revealed that a meat 
dish had been prepared on the previous day, allowed to cool down overnight, and 
served up after wanning. On examination in the laboratory the meat or gravy 
was found to contain enormous numbers of Cl. welchii The cooking of the meat 
had destroyed all non-sponng organisms and had driven off the oxygen. The 
surviving spores of anaerobic bacilli, finding themselves in a medium containing 
glutathione and other reducing substances, had germinated as the temperature fell 
and then multiplied m practically pure culture. The resulting dish was undoubtedly 
poisonous, but whether owing to the organisms themselves, or to a specific toxin 
produced by them, or to some non-specific breakdown product of the meat could 
not be ascertained. 

Since the war this form of food poisoning has been increasingly recognized; 
in 1950 no fewer than 24 outbreaks, confirmed by laboratory examination, were 
reported It has also been met with in the United States ( McClung 1945). Accord- 
ing to Hobbs and her colleagues (1953), who made a special study of it, the 
responsible organism is a variant of Type A, differing from the modal organism u 
its non-hsemolytic colonial appearance, its feeble toxigenicity, and the heat resis 
ance of its spores It can be isolated from the faeces of about 90 per cent, of those 
affected, but is present in only about 2 per cent, of normal persons. 

In Germany a disease known as enteritis necroticans was described (Zeissler el u 
1949a, b, Oakley 1949, Willich 1949). It has an acute onset, is characterized by 
abdominal pain, vomiting and diarrhoea, and may be rapidly fatal Post world' 1 
there is a diffuse sloughing enteritis of the jejunum, ileum and colon. A new typ- 
of Cl welchn, referred to as Type F, was isolated from the food and from ^ 
patients’ freces ; the spores were heat-resistant and withstood boiling for 1—4 ou 
(See also Chapter 78) 


Non-Specific Bacterial Food Poisoning 
Numerous outbreaks have been described in which no organisms of the 
ella, Shigella, Staphylococcus or Clostridium group could be isolated, but m ^ 
the incriminated food was found to contain large numbers of organisms 0 0 
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tween the two, but no distinction can be made on a morphological basis. 
The microorganisms usually occur singly or in pairs, and in cultures short 
chains may be found. The smooth forms are encapsulated but spores are 
not formed, and these bacteria are non-motile. 

On semisohd media the colonies are small, circular, convex, amorphous, 
smooth, glistening and translucent No pigment is formed, but the growth 
of Br. mchtensis becomes brown in older cultures and the browning extends 
down into the medium. This browning is shown by some strains of Br. 
abortus also. 

Brucella may be stained by the usual aniline dyes, but there is a tendency 
toward irregular staining and, in some cases, bipolar staining. They are gram- 
negative. 



Fig 90. Brucella mehtansis, pure culture. Note the coccobacillary appearance Fuchsin, 
X 1050. 

Physiology. The nutritive requirements of these bacteria are relatively 
complex and best growth is obtained on enriched media such as liver infusion 
broth or agar. Kcrby and Caldcr 3 have reported that a milh-tryptose-crystal 
violet medium is superior to liver infusion broth or tryptose broth in primary 
culture Brucella have been cultivated on amino acid synthetic media, some 
strains require nicotinamide, thiamine and pantothenic acid while others 
require biotin also. A number of chemically defined or synthetic media have 
been prepared which support the growth of Brucella, one of the simplest of 
which is that of Gerhart and Wilson 4 containing lactate, glycerol, asparagin 
(or glutamic acid or histidine), thiamine, nicotinic acid, pantothenic acid 
and biotin together with inorganic salts. No growth occurs at 6° C. or 45° C. 
and the optimum temperature is 37° C. Neither acid nor gas is produced 
from carbohydrate media, although it may be shown that glucose is utilized 
to a small extent and its inclusion generally fators growth. Nitrates are rc- 

* Kerby and Caldcr Jour. Bact , 1940, 40 637. 

‘Gcrhardt and Wilson. Jour Bact., 1948, 56 17, see also the studies of McCullough 
etui: ibid., 1947, 53-5. 
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staphylococcal liwmolysin in an extract of foot!. Moreover the incubation period in 
many of these outbreaks is too long to be characteristic of staphylococcal enterotoxin. 

Whether organisms of the Salmonella group can produce enterotoxic substances 
remains open to dispute. There is plenty of evidence to show that they contain 
in their bodies thermostable, water-soluble substances which are toxic on parenteral 
inoculation into animals (Bricger and Fraenkel 1890, Catbcart 1906a, Ecker 1917 
Savage and White 1925a, Menten 192G, Bahr and Dyssegaard 1927, Meyn 1930)! 
Methods for extracting these bodies have been described by Boivin and Mesrobeanu, 
Raistrick and Toplcy, and Morgan (see Chapter 41), who have shown that they con- 
sist of Iipopolysaccliaridc. Injected intravenously into rabbits, they give rise to 
great weakness and prostration, often accompanied by tremors, diarrhoea, and 
hyperglycemia (Delafield 1934) ; and injected intraperitoneally into mice iu a 
dose of about 0-5 mgm., they prove fatal (Martin 1934). But there is as yet no 
conclusive evidence that they are able to cause gostro-enteritis in man when taken 
by the mouth. Feeding experiments carried out on human volunteers and on 
monkeys by Pack, Harmon and Jarra (1928), Pack, Cary and Harmon (1928), 
and Verdcr and Sutton (1933), using heat-killed organisms or culture filtrates of 
Sahn. itjphi-murium and Salm. enterilidis, proved uniformly negative. Moreover, 
the ingestion by students of even 200 mgm. of the lipopolysaccharide fraction 
isolated by Raistrick and Topley (1934) from Salm. typhi-murium was without 
any obvious effect (Colbcck 1912). 

Whatever the cause of the non-specific type of bacterial food poisoning, there 
is no doubt that in Great Britain it is n common type. The figures for 1950 show 
that it constituted almost half of the reported outbreaks. The real proportion is 
probably much higher, because an attack of the disease, though sometimes severe, 
is usually soon over and the doctor may not be called in Moreover, since in many 
cases and outbreaks the bacteriological findings are completely negative, no further 
attention is paid to them. 

Diagnosis and Investigation of Outbreaks. 

The diagnosis of food poisoning is primarily clinical. For the full investigation 
of an outbreak the reader is referred to textbooks of hygiene, but the general pro- 
cedure is briefly as follows : (I) Secure a complete list of cases. (2) Obtain par- 
ticulars of individual cases. (3) Ascertain the vehicle of spread. (4) Determm 6 
the causal agent — chemical irritant, Salmonella, Shigella, Cl. botulinum, staphjo- 
coccal toxin, or other form of toxin or infection. (5) Find out how the c . 4 
became infected. (6) Endeavour to trace the reservoir from which the ve c e 
became infected, such as rodents, cattle, fowls, ducks, or human carrieis V sce 
Savage 19426). 

Materials collected for examination should include (1) the actual food consume > 
it is most important that this should be obtained : (2) tbe vomit and sees o 
patients : (3) the blood, spleen, liver and intestine of fatal cases : (4) the ® c ® 3 _ ^ 
suspected carriers who may have contaminated the food. The material s ou 
sent to the laboratory packed in ice. A bacteriological examination s on 
be carried out, and if this is negative, search should be made for chennea po 
or preservatives in the food. , • t h e 

In salmonella outbreaks tbe organisms can frequently be demons ra . ® 
food, and in the feces of the patient ; vomited matter is much less i sa 13 ^ 

In their isolation the general plan should be to plate suspensions o e s 
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duced, and growth in milk is accompanied only by a slowly increasing 
alkalinity. Gelatin is not liquefied and indol is not formed. The optimum 
pH is 6.6 to 6.8. 

Hydrogen Sulfide. All three species produce hydrogen sulfide hut differ 
in that Br. suts produces it in abundance, Br . abortus to a lesser extent and 
Br. melitensis to only a slight degree. Jt may be 'noted that ammonia is 
produced to a greater extent by Br. melitensis than by the other two species. 

Carbon Dioxide. These bacteria are aerobic, and Br. melitensis and Br. 
suis may be grown on primary isolation under the usual aerobic conditions. 
Br. abortus, however, requires incubation in an atmosphere containing 10 
per cent carbon dioxide on primary isolation. Subsequent transfers from 
the primary growth must be incubated in 10 per cent carbon dioxide, but 
after a number of transfers Br. abortus' adapts itself to ordinary aerobic 
growth. 


* 


* 









Fig. 91. Brucella melitensis. Pure culture on liver infusion agar. X 4. 

Dyes. The Brucella species differ from one another in their susceptibility 
to the bacteriostatic effect of dyes, and their ability to grow on liver in usio 
agar containing thiomne or basic fuchsin is a characteristic of const eia 
practical value in their differentiation. Br. melitensis and Br. n orl “ s ^ 
grow in the presence of basic fuchsin in a dilution of 1 - 25,000, ut r ‘ 
is completely inhibited. Br. melitensis and Br. suis will grow in t e 
of thionine in a dilution of 1:50,000, while Br. abortus vn . n0 *‘ 
and other cultural differences are summarized in the accompanying a 

The Brucella show the usual susceptibility to heat and disin^ec^^ ^ 
point of some practical importance is the rapid death ot these ^ ^ 
pasteurizing temperatures, both Br. abortus and Br. sms ate '* t0 

minutes at 143° to 145° F. They persist in soil, water and us^ aS a 
two months but disappear within ten days in milk, presuma v ^ ^ c0n . 
consequence of the presence of acids formed by other actena. or 

nection it is of interest that these bacteria are able to survive 
more in milk mixed with gastric juice. 
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pointing to chemical poisoning, an endeavour should be made, particularly in out 
breaks of the toxin type, to obtain evidence of the presence of toxic substances 
of bacterial origin in the food or of organisms capable of forming such substances. 
The investigation of this type of outbreak is remarkably difficult. Though it 
may be worth while feeding the suspected material to rhesus monkeys, the'only 
satisfactory way is to make tests on human volunteers. Search should be made 
in the food for organisms such as staphylococci, streptococci, coliform, Proteus 
and aerobic spore-bearing bacilli, which may be potentially toxigenic ; but little 
attention should as a rule be paid to any of these organisms unless it is present 
m large numbers. Similar organisms should be sought for in the patient's excreta 
In staphylococcal outbreaks, the organisms may be found in the vomit and occa- 
sionally in the farces ; if so, they should be examined serologically (Hobbs 1948) or 
by the bacteriophage typing method (Wilson and Atkinson 1915) to see whether 
they resemble the strain isolated from the food. Several outbreaks arc on record 
in which the probable identity of the strains isolated from the food, the patients’ 
vomit or farces, and the food handler has been demonstrated by phage-typing (see 
Wilson and Atkinson 1915, Samt-Mnrtin el al. 1951, Williams el at. 1953) Any 
organism on which serious suspicion is cast should be grown in soft agar for 2-3 days 
m 10-30 per cent C0 2 , and a saline extract of the culture, filtered or centrifuged 
to remove living organisms, fed in 2-5 ml. quantities to human volunteers. 

It should he pointed out that, in staphylococcal poisoning due to cooked food . reir 
few staphylococci may be demonstrable. This was true, for example, of a series of out- 
breaks traced to spray-dried skim milk. Though most of the organisms had been destroyed 
by the processing, sufficient of the heat-stnblc enterotoxin was present to cause poisoning 
when the milk was used almost immediately after reconstitution. 

In many of these outbreaks even a careful review of all the evidence, epidemio- 
logical and bacteriological, will justify no more than a cautious expression of 
opinion as to their mode of origin. As has already been pointed out, there is 
ample scope for investigation of this type of outbreak, and it is to be hoped that 
in the future an attempt will be made to ascertain the chemical nature of the 
bacterial toxins found in the food. 

The examination of canned foods should bo conducted on the same principles 
as those of frcsli food, but there are a number of technical details to be attende 
to ; for a description of these the reader is referred to articles by Esty and Stevenson 
(1925), Savage (1923), Esty (1935), Woodcock and Lewis (1938), Jones and Jones 
(1941), Report (1941), and Baumgartner (1943). Methods for the bacteriologies 
examination of brined, salted and pickled vegetables are described by Etc « 
and Jones (194G). 

Prophylaxis. 

The hygienic precautions necessary to prevent food poisoning concern t e 
whole course of the food from the slaughter of the animal to the final prepam 
for consumption. A thorough system of meat inspection is essential. The me 
of animals that are ill or are emergency-slaughtered should as a rule be con em ” e , 
To this precaution alone Meyer (1916) attributes the comparative infrequency 
meat poisoning in California, where it is known that calves are infected wi ^ 
enteritidis. The laxity of the meat inspection in Germany since the war of m ' 
appears to have resulted in a great increase in the number of poisoning ou 
The measures to be taken to ensure the cleanliness of premises w ere m 
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Antigenic Structure. Each of the three Brucella species contains two 
antigens, designated as A and AI. Br mclttensis contains a relatively large 
amount of M and a small amount of A, while both Br. abortus and Br. sttts 
contain large amounts of A and small amounts of AI. 1 * * * 5 The ratio of A to AI 
is said to be about 20:1 in the case of Br. abortus and 1:20 in the case of 
Br. melitensts. It is possible, then, to differentiate Br. melitensis from Br. 
abortus and Br. sms by serological methods, t.e , agglutination, but Br. 
abortus and Br. sttis cannot be differentiated from one another in this way. 
In practice monospecific sera, i.e., sera adsorbed to remove the small amount 
of antibody common to the other immunological type, should be used. 
These antigens are both heat-stable, and their chemical nature is as yet 
unknown. 0 


CULTURAL DIITERENCES Of BRUCELLA SPECIES 
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Variation. The Brucella species dissociate relatively easily to give rise 
to the rough form. The environmental factors affecting the dissociative proc- 
ess have been studied in detail by Braun. 7 The S-R transformation is accom- 
panied by a change to a rough colonial type, a loss of virulence and altera- 
tion m immunological specificity. The last begins to take place before 
morphological changes are apparent and has been a source of considerable 
difficulty in the seiological typing of these bacteria; the altered immunological 
types have been termed paratuelttensts or para-abortus strains It is, therefore, 
essential to use only smooth cultures in the serological differentiation of 
these bactena. 

A number of tests have been devised for the detection of antigenic variants. 
The rough forms are, of course, spontaneously agglutinated in saline. 
Slightly rough strains may be detected by their agglutination upon boiling 
in saline for two hours (thermo-agglutination test) or by incubating saline 
suspensions of the bacteria with basic fuchsin or trypaflavine at 37° C. for 
two hours, the rough form agglutinates in the presence of the dye while 
the smooth form remains evenly suspended According to Huddleson, 8 
however, none of these gives consistent results, and he has proposed an 

1 WiKon and Miles. Bnt. Jour. Exp Path , 1932, 13 1. 

9 Cf the investigations of Miles and Pine Bnt Jour Exp path., 1939, 20 83, 109, 

278, Biochcm. Jour, 1939, 33 1709, 1716. 

1 Braun- Jour. Bact., 1936, 51 327. 

8 Cf. Munger and Huddleson. Jour Bact., 1938, 35 255. 
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Duck eggs should be boiled for 15 minutes (Clarenburg and Burger 1950) ; frvin" 
and other procedures that do not ensure coagulation of the yolk cannot be relied 
upon to destroy all salmoncllse. Spray-dried egg often contains salmonella (Report 
1947) ; it should not be reconstituted till just before use and should be thoroughly 
cooked. Laboratory experiments show that the mixture of yolk and white of >■» 
from which it is prepared can be satisfactorily pasteurized (Winter ct al. 1946)1 
it is hoped that, in time, this method may be generally adopted. 

The protection of custard and cream fillings and of made-up meat dishes, such 
as brawn and pressed beef, from staphylococcal infection of human origin requires 
the greatest care and vigilance. In heavy nasal carriers of Staph, aureus, the 
hands are often infected, and there may be suppurative skin lesions on the hands 
and arms. Measures little short of a surgical aseptic technique may have to be 
taken to prevent infection of the ingredients, and stringent regulations should 
be laid down about the adequate heating and subsequent refrigeration of the food. 
For preventing the growth of salmonella;, staphylococci and other pathogenic 
organisms in synthetic cream, the addition of 0 005-0 02 per cent, of hydrogen 
peroxide has been recommended (Hobbs and Smith 1951.) 


BOTULISM 


Introductory 


Botulism (from Latin botulus, a sausage), sometimes known as allantiasis, or 
ichthyosismus, is a disease that was first described in 1820 by the German poet 
and medical writer Justinus Kcrncr (Jordan 1917). The causative bacterium 
was isolated and described by van Ermengcm in 189C (1896, 1897). After a festive 
gathering of a music club at the village of Ellezellcs in Belgium, several of the 
members were taken ill, and three of them died within a week. The disease wa« 
confined to those who had partaken of a certain piece of raw ham ; tho other ham 
and the remainder of the animal had been previously consumed without causing 
trouble. The contaminated ham was paler and softer than normal and smelt 
rancid When fed to cats it caused mydriasis, partial paresis, secretory disturb- 
ances, aphonia, and other symptoms. From it van Ermcngem cultivated a 
strictly anaerobic organism, which secreted a powerful toxin, giving rise to the 
same symptoms in cats as those caused by the original ham. 

Since that date several outbreaks of botulism have been recorded, some w 
Germany, but more m America. In this country only four small incidents ha\’« 
been described (see p. 1818). 


Symptomatology and Pathology. 

The incubation period is generally under 24 hours after consumption of t e 
affected food, but may be prolonged to 72 hours. Prominent among the symptoms 
are vomiting, constipation, ocular pareses, thirst, pharyngeal paralysis, the secre io 
of thick, viscid saliva, and sometimes aphonia. General consciousness an sens 
bility remain intact till near the end, which is preceded by coma or delirium, 
temperature is generally subnormal — 96-98° F. Later in the illness it 
owing to the onset of broncho-pneumonia (Dickson 1918). Death may 
within 24 hours from the time of onset, or may be delayed for a week. & 
that survive, complete recovery, particularly of the ocular movements, ) 
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opsonocytophagic test in which bacterial suspension is mixed with citrated 
normal guinea pig or human blood, incubated for thirty minutes, smeared 
and stained. Smooth strains show only a slight degree of phagocytosis while 
the rough bacteria arc phagocytosed to a considerable extent. 

Pathogenicity for Lower Animals. Brucellosis is primarily a disease 
of domestic animals and is only secondarily communicated to man, the 
chief animal reservoirs are goats, cattle and swine, ft is of some interest that 
host specialization of the parasites has taken place, giving rise to the three 
species or, as some prefer to regard them, varieties of Brucella. 

Goats. Goats may be artificially infected with Br. melitensis by almost 
any route, and it is probable that under natural conditions the vagina] dis- 
charge at the time of aborting and shortly thereafter plays an important 
part in the dissemination of the infection. Agglutinins appear in the Wood 
of artificially inoculated pregnant goats by the third or fourth day, and the 
titer rises rapidly to perhaps 1:1000 within forty-eight hours and reaches 
a peak of 1 : 2000 or thereabouts by the twelfth day of infection. Just before 
the peak in agglutinin titer, a bacteremia is initiated which persists for 
perhaps one month. This acute generalized infection becomes localized 
during the second month after the termination of the pregnancy during 
which the animal was infected. In most cases the bacteria do not persist 
in the udder and uterus after the fifth month following termination of 
pregnancy. A second pregnancy does not, as a rule, cause an exacerbation 
of the disease, but in some cases the infection may remain localized in the 
area of the genital tract for several years. 

The most obvious clinical symptom of infection is abortion, although 
this need not occur. Pyrexia is apparent within forty-eight hours of the 
generalized infection, and there is a slight diarrhea. The placenta is not 
retained, but a copious vaginal discharge is frequently observed for two or 
three weeks after kidding. In lactating goats the milk may be phystca y 
altered and appear in extreme cases as a clear fluid containing suspen e 
clots. , f 

Immature goats are highly resistant to the infection, and kids am 
infected dams may not be infected and commonly do not become so i 
spite of the ingestion of enormous numbers of Brucella in the nu '• 
pregnant mature goats are also resistant to infection and respon 0 
ficial inoculation with only a low and transient agglutinin titer in t e 
serum. 

Brucellosis in sheep is similar to that in goats. Br. 

Cattle. Brucellosis in cattle is most commonly an tn * found 

abortus although both Br. melitensis and Br. swis have a so e 
The microorganism may gain entrance by a variety of rou e *’ * 

direct inoculation into the vagina, by way of the conjunctiva, ^ 
unbroken skin or via the alimentary tract. The primary s> p ^ 
disease is abortion of the fetus by pregnant cattle, i he ti ^ m0n th$, 
tween initial infection and abortion varies from three wee s V3 ^ es from 
and the period of gestation at which abortion may take p ^ Gilman 

9 Abortion may, of course, result from other infections. See the disttf 
Cornell Vet., 193 % 29 : 152 . 
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1923, Starin and Dack 1925) that if spores, which have been freed of their toxin by repeated 
washing or by heating to 80° C. for half an hour, are injected subcutaneously into guinea- 
pigs in large doses— 500 million or so— or arc given by the mouth in still larger doses— 
about 2,000 million— they may give rise to fatal disease ; from the spleen, liver, kidneys, 
or mesenteric glands the bacilli may ?kj recovered in pure culture after death. The ex- 
periments on which these findings are ba«:cd are not very convincing; doubtless after 
such massive doses the spores are disseminated throughout the body. But it is doubtful 
whether germination of the spores occurs or whether the resultant bacilli multiply and 
form toxin. Since it is extremely difficult to free spores completely from all traces of 
toxin, especially by washing, and since very small quantities are required to kill a guinea- 
pig — 1/10,000 mgm. or less— jt is not surprising that some animals injected with so-cal'ed 
toxin-free spores succumb to the disease. 

Even if it is possible experimentally to reproduce a true infection with Cl. 
botulinum, there is no evidence that under natural conditions the disease in man 
is other than a pure intoxication. In this view the majority of authors strongly 
concur (van Ermengcin 1897, Romer 1900, Armstrong et al. 1919, Burke el ah 
1921, Geiger et al 1922). 

A disease closely simulating botulism in man can be reproduced by the experi- 
mental inoculation or feeding of cats, monkeys, and certain other animals with toxic 
material (see Chapter 3G). 

Epidemiology. 

Botulism is due to the consumption of food in which Cl. botulinum has been 
growing. It occurs therefore in sporadic outbreaks limited to those who have 
partaken of tho contaminated food. Since the disease is an intoxication, not an 
infection, secondary cases do not occur, but it is common for cats, dogs, and especi- 
ally chickens that are fed on the remnants of the food to develop symptoms of 
poisoning. 

Botulism is not a common disease. From 1899 to 1925, 146 outbreaks were 
reported in the XJ.S.A. and Canada, affecting 504 persons ; of these 337 died— a 
case-fatality rate of G7 per cent. (Editorial 1926). Bacteriological evidence of the 
nature of the disease was available in 53 of these outbreaks. These figures probably 
underestimate the incidence of the disease During the 8 years 1918-25 in the 
U S.A. there were about 13 outbreaks per annum. 

In Germany 24 outbreaks of suspected botulism were reported between 1907 
and 1923, but in only one of these was Cl. botulinum isolated. There is said to 
have been an increase m the frequency of the disease since the second world war, 
partly attributable to the greater consumption of pickled fish (Wasmuth 1948) 

In the British Isles only 4 incidents have been recorded, the largest of whic 
occurred in 1922 at Loch Marco in Scotland, when 8 persons were attacked a ter 
eating potted duck paste , all the patients died within a week. CL bofubwow 
Type A was cultivated from the remnants of the paste (Leighton 1923) _ e 

remaining three were in London. Two (Templeton 1935, Lane and Jones-D aVie ^ 
1935), of which one was shown to be due to Type A, followed the consumption 0 
vegetarian nut brawn. The third (Aitken, Barling and Miles 1936), which was ue 
to Type B, occurred after eating a home-made meat pie. In America the is^ ase 
is commoner during the winter months — the season of preserved food coiisumpt 10 ^ 

Morbidity and Fatality Rate. — In any outbreak the morbidity rate is high. ^ * 
a rule all who partake of the contaminated food develop the disease. The ca-^ 
fatality rate vanes in different outbreaks. In Germany it is said to be not m 
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two to nine months. Cattle do not abort, however, unless infected during 
pregnancy and even then not all abort — perhaps 30 per cent— or the cattle 
may become sterile. Subsequent pregnancies may proceed normally in spite 
of persistence of the infection, second abortions are not common, and third 
abortions are rare. 

The bacilli may be found in the blood in perhaps 10 per cent of the cases 
and are very likely consistently present during the acute infection. Early in 
the infection the bacteria are found in the lymph glands about the head and 
intestines, by the end of the first month they arc found all through the 
body, and by the end of the third month have localized in the mammary 
glands and are found only in the udder. The invasion of the udder results 
in an acute or chronic inflammation with lesions in the alveoli and interal- 
veolar connective tissue and, when the lymph glands are involved, a chronic 
lymphadenitis. Chronic infection of the udder may persist indefinitely with- 
out significant differences in the quality of the milk and bacilli may be 
excreted over a long period of time, perhaps for life. The uterus, on the 
other hand, frees itself of the bacteria relatively soon and the vaginal dis- 
charges do not contain the bacilli for an extended period 

Animals infected dunng pregnancy show an agglutinin titer ranging from 
1 . 200 to 1: 1000 which falls slowly over a period of six months or so. Cattle 
that continue to excrete bacilli in the milk generally show persistent agglu- 
tinin titers of 1:200 or more although a titer of 1:50 has diagnostic signifi- 
cance. Agglutinins are also present in the milk and may be demonstrated 
m the whey after clotting with rennin. Infected animals become sensitized 
to the bacillary substance, and a skin reaction may be elicited by the intra- 
dcrmal injection of a preparation of Brucella protein designated as abortin 
or bruccllergcn. As in the case of the young goats, calves arc relatively 
resistant to the infection. 

Su’wc. 10 Brucellosis of swine seems to be always due to infection with 
Br. suts, though these animals may be artificially infected with Br. abortus. 
In contrast with cattle, the males arc commonly infected and abortion in 
infected females is less frequent than in cows; about 50 per cent of swine 
abortions are due to unknown causes, not brucellosis. The clinical symp- 
toms may be mild or lacking, and in a number of instances there has been 
no outward evidence of the disease in an infected herd but the proportion 
of swine infected is as high as 20 per cent in some localities. Under natural 
conditions infection probably takes place tia the alimentary tract. The 
bacilli arc eliminated with aborted fetuses and vaginal discharge, urine, 
semen and milk. 

Other Annuals. A number of other animals have been found to he nat- 
urally infected with Brucella. There is some evidence that the disease of 
horses known as fistula of the withers or poll cu'l is a Brucella infection; 
both Hr. abortus and Br. stiis hate been isolated from cases of the disease. 
Stone" found that 9.5 per cent or horses tested in New York City gave 
posit is c serological reactions Brucella infections of fowl hate lx-cn re- 
ported, in one instance Br. stiis was isolated from set oral naturally infected 

*° Sec the Renew! discussion by Hutchings- Mich State Coll. Vet , 19-H, 4 68, 69, 86. 

" Stone- Jour. Amer. Vet. Med. Assn, 19-H. 99 1 18. 
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the organism is a natural inhabitant of the soil and not merely a contaminant derived 
from animal faeces. Indeed the older view that the organism is a natural inhabitant of 
the intestine of animals, and is spread by their faeces, must be abandoned. 

Moyer and Dubovsky (1922c) likewise examined specimens of soil from Belgium, 
Denmark, the Netherlands, England, and Switzerland. Cl. bolulinum Typo B was demon- 
strated in a variable proportion of soils from the different countries, but in not a single 
instance was Typo A found. From this country 64 specimens were examined, and 0 of 
them yielded toxic cultures ; the counties furnishing the positive results were Durham, 
Derbyshire, Middlesex, Hereford and Sussex, thus indicating a widespread distribution 

TABLE 139 


Distribution of 01. botulinum in different Types of Soils in alt. States or Auencos, 

WITH THE EXCEPTION OF CALIFORNIA AND VlROINXA. 

Modified from Meyer and Dubovsky (19226) 



Specimens 

Examined 

Toxic 

Cultures. 

Weak 

Toxin 

Type A. 

Type B. 

Types A 
and B 

Virgin soil 

335 

105 

22 

59 

22 

2 

Cultivated soils .... 

274 

47 

13 

18 

1C 

— 

Garden soils 

142 

41 

12 

23 

G 

— 

Soil and manure from ani- 







mal corrals and yards . 

161 

20 

9 

C 

5 

— 

Pasture 

51 

19 

5 

3 

11 



of the organism. In Scotland, Leighton and Buxton (1928), in an examination of 100 
samples of soil, encountered Cl. botulinum four times ; two of tho cultures belonged to 
Type A, one to Type B, while the remaining one contained both Types A and B. Haines 
(1942), who examined 10G samples of soil from different parts of England— mainly the 
south-east — isolated Cl. botulinum with certainty from 5 per cent. Of the 5 strains, 
4 came from grassland ; 4 were Type A and 1 Typo B. Both types of Cl. botulinum 
have been demonstrated in the 6oiIs of Canada, China, and nt least one of the Pacific 
Islands (Dubovsky and Meyer 19226, Schoenholz and Mcyci 1922). 


TABLE 1-10 

Distribution of 01 . botulinum in different Veoetibles and Fodder in all States or 
America, with the exception of California and Virginia. 

Modified from Meyer and Dubovsky (19226). 


Total No. 
Examined. 


Positive 

Cultures 


r«rccntAse o! , 
poMtWrCuUW» 


Mouldy hay . - 

String beans, pods and stalks 
Decayed vegetation 

Ensilago 

Com husks, leaves and stalks 
Beets, roots and tops 
Tomato plant and roots . 


44 

44 

20 

15 

80 

37 

24 


7 

14 


15 9 
31* 


3 

C 

6 

2 


20 0 
75 
16 2 
83 


Meyer and Dubovsky's results have not as yet received general confirmation- 
some of their conclusions may have to be modified (Geiger and Benson > 
mann and Haynes 1924), and more work must bo earned out before the rels 
ship of the two types to environmental conditions can bo definitely e er 
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birds, but the disease is probably not common. Dogs may also be infected 
naturally; Br. sms and Br. abortus have been isolated. Wild rats may be 
artificially infected, and Br. abortus has been isolated from a naturally 
infected rat. Natural infection of rabbits with Br. ineUtensis has also been 
reported. 12 Of the usual laboratory animals guinea pigs are readily infected 
and are most often used for experimental purposes. Rabbits, mice and other 
animals may also be infected. A disease resembling undulant fever in man 
has been produced in rhesus monkeys. 

Pathogenicity for Man. Man is susceptible to infection with these three 
species of Brucella, but infections with Br. melitensis and Br. suis are 
usually more severe than those with Br. abortus. The incubation period of 
undulant fever in man is highly variable and relatively long; it may range 
from one week to not less than four months. The case fatality is low— 2 to 3 
per cent. It may have varied clinical manifestations and 5 types are recog- 
nized: (I) the intermittent type with shifting articular rheumatism, weak- 
ness, night sweats and a temperature near normal in the morning but rising 
to J01° to 104° F. in the evening, in which the patient remains in bed in 
the latter part of the day; (2) the ambulatory type with much the same 
symptoms but to a mild degree; (3) the undulant type, generally melitensis 
infections, characterized by stcp-Iikc increases in the temperature from day to 
day to a maximum and, after a time, gradual decrease in temperature and 
possibly successive repetitions of this sequence of events; (4) the malignant 
type, almost always melitensis infections, in which the temperature is high 
and sustained with an extreme hyperpyrexia before death; and (5) an atyp- 
ical chronic type which may take the form of muscular stiffness, gastnc 
disturbances and various neurological symptoms. In general, undulant f e ' er 
is a disease of relatively long duration, one to four months, and relapses dur- 
ing convalescence are not infrequent. In a chronic form undulant fever ma> 


be difficult to diagnose. , . 

Brucellosis in man is a generalized infection as a rule, while in M vv 
animals it is a localized infection, particularly in cattle. The bacilli 
isolated from the blood stream m man and the development of agg 
is a diagnostic aid. Man also becomes sensitized to the cell substance 
the bacteria, a hypersensitivity that is sometimes manifested as . S •!? / . ef , 
tions which may be macular or resemble the rose spots of typ 05 
Localization may occur, however, and meningitis and meningo-enc p ^ 
are probably not so rare as has been supposed, while in some ms ^ 
orchitis, cholecystitis, endocarditis and other local jnanifestauons 
reported. Pulmonary lesions with infiltration of the hiliaT g an s 
tissue proper are occasionally observed. Pulmonary infection i u er idcrsoP ,T 
investigators to suspect infection by inhalation, and Elbeig an ^ intake 
have shown that the guinea pig may be experimentally ’J 1 . ^ : 1V 

of about 36 microorganisms inhaled as an aerosol. Brucella m e^,, 
associated with abortion and mastitis in the human female m r r 

12 For a discussion of brucellosis in wildlife see the review by Katx. 


Med. Assn., 1941, 99:24. 

12 Elberg and Henderson: Jour. Inf. Djs., 1948, 82:302. . t ¥ j.j 3TT js: 

14 The clinical aspects of human brucellosis are discussed in 1946 , 131:1 485. 

loris. Paul B. Hoeber, New York. 1941; ib,d. Jour. Amei. M«i. n»n., 



1822 


BOTULISM 


of the food without final cooking. The records make it clear that the danger from 
home-canned food is far greater than from that which is commercially prepared. 

It should be noted that anaerobic conditions are not necessarily those in which the 
air is excluded either by a closed container or because the contaminated food 13 densely 
packed. Toxin can form, for example, in loose w et mincemeat exposed to the atmosphere 
(Aitkcn et al. 1930). 

In pickled foods at least 2 per cent, of vinegar is necessary to destroy the spores, 
and in salted fish the salt content should be not less than 10 per cent, if growth of 
the organisms is to be prevented. 

Given very favourable conditions, Cl. botulinum may produce detectable toxin 
within 12 hours, but usually it takes 2-24 days, depending on the temperature 
of storage of the food and other factors. According to Tanner and Oglesby (1936), 
and Tanner, Beamer and Rickher (1910), little or no growth occurs below 10° C., 
but food stored above this temperature may become dangerous fairly rapidly. The 
optimum temperature appears to be from 35-10° C. No growth occurs at 15° C. 
(Report 1953, Ohyc and Scott 1953). 


Diagnosis. 


Tho symptoms of botulism in man are generally so characteristic as to render 
the disease capable of being diagnosed on clinical grounds. To confirm this diagnosis 
the following procedure should be adopted. 

A. Demonstration of Botulinum Toxin in the Suspected Pood— For rapid 
diagnosis the food is suspended in saline, and injected intraperitoneally into three 
mice. A few hours before the injection, one mouse is given subcutaneously a small 
dose of antitoxin Type A and another Type B. Alternatively the food suspension 
may bo added to the antitoxin, and the mixture injected subcutaneously. If the 
control mouse and one of the protected mice die, it may be provisionally concluded 
that botulinum toxin was present in the food, corresponding to the type of antitoxin 
which was given to the surviving mouse. f 

Meanwhile the food should be seeded into 2 per cent, glucose broth, Hitchens 
medium (0*2 per cent, dextrose infusion broth containing 0-1 per cent, agar), beet 


heart peptic digest liver broth, peptonized bullock's heart broth (de Lavergne ana 
Abel 1925), pork infusion tluoglycollate semi-solid agar medium containing 01 {* r 
cent, of soluble starch (Wynne and Foster 1918), or cooked meat medium, 
incubated anaerobically for 10 days at 35° C. The culture is then filtered, and t « 
filtrate tested by intraperitoneal injection of mice or subcutaneous injection 0 
guinea-pigs ; antiserum Type A and B should be administered to two of the anima s 


in order to determine the type of toxin present. 

B. Isolation of the Bacillus from the Food .— Pure cultures may be obtained 
by heating broth cultures to 80° C. for half an hour to destroy contaminating 
sporing bacilli, and seeding into deep agar cultures, which are incubated anaero 1 
ally, preferably in the presence of added C0 2 . The characteristic colonies ® ou , 
be picked off, grown in liquid medium, and tested for toxin production ( 
1919b). Single colonies may likewise be obtained by plating the brot c “ ’ 
after heating, on 5 per cent, horse blood extract agar plates incubated anaero 1 


(Wheeler and Humphreys 1924). , 

G. Demonstration of Botulinum Toxin in the Blood and Tissues.-— 
occasionally be demonstrated in the circulating blood during life- Sc nei 
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Epidemiology Brucellosis m nun is probably always acquired From infected 
domestic animals, man-to*man transmission is a possibility but rarvlv, if ever, 
occurs. The commonest modes of infection in the United States arc, first, the 
use of raw milk from infected cattle and. second, direct contact with the 
flesh of infected animals, both cattle and swine. As indicated abou\ annuals 
may be readily infected via the alimentary tract, and it is not unreasonable 
to suppose that man is infected in this way also. The discharge of Hr. 
abortus in the milk of infected cattle, then, provides the opportunitv 
for infection when the milk is ingested in the raw state and in many in 
stances undulant fc\cr is acquired in this way. Br. abortus has been found 
in certified milk in a number of localities. 1 ’• The pasteurization of milk, of 
course, prov ides adequate protection from this source of infection. 

The penetration of the unbroken skm by Brucella has been pointed out 
earlier. Man may be infected by the handling of the tissues of diseased 
animals or by close contact with other infectious material, presumably the 
bacilli enter through minute abrasions in the skin, or possibly through the 
intact skin. Employes of slaughterhouses, veterinarians, sausage- makers 
and butchers are, of course, particularly exposed to infection by this means 
and, in fact, the incidence ol brucellosis in this group is disproportionately 
high It is probable that most infections with Br. suis are acquired in this 
manner, although in some instances cattle are infected with this species 
and man acquires a sms infection via raw cow’s milk. 

Laboratory infections with Brucella arc scry common and even the most 
skilled workers have acquired undulant fever through working with these 
bacteria. Meyer and Eddie 10 have reviewed 74 cases up to 1940 of which 44 
occurred in competent bacteriologists. These infections are, in all probability, 
a consequence of handling infectious material and penetration of the skin 
by the microorganisms. 

Undulant fever may also be acquired by drinking raw goat’s milk, but 
infections with Br mehtensts from these animals are thought to be relative]) 
infrequent in the United States. Evans, u however, has found a number of 
cases in North Carolina, Kansas and Texas, and it is known to occur in 
the Southwest in general where goat’s milk is consumed 

It has been shown experimentally that brucellosis may lie transmitted 
by mosquitoes and biting flics, but at present there is no indication that 
this mode of transmission is of any significance in nature. Water is appnr 
ently not a vehicle of transmission; the single water-home outbreak that 
has been reported' s was in the nature of a laboratory accident. 

The prevalence of human brucellosis is not known with any degree of 
precision /Vs a consequence of better diagnosis, the number of reported 
cases has steadily increased from 24 in 1925 to 2497 in 1937. During the 
period 1930-1941 29,594 cases of brucellosis were reported m the United 
States, an average annual rate of 1.87 per 100,000 population."* In 1945 
a total of 44 states reported 4621 cases and 92 deaths, rates of 4 0 and 0.1 


i*See, for example, Hailey: Jour. Inf. Dii.. 1930, 46 430. 

Meier and Eddie Jour. Inf. Du., IS ’I 
*rEiam Pub Health Repti., 1937 , \ 

M Huddlcson and Mungc-r. Amcr. J jh. 1940. 30 944. 

** Jordan, Dorn, Harm and Jenn ub Health, 1943, 33 773 
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goats (Kempner 1897, Forssmau 1905) and horses (Leuchs 1910) with each type of 
toxin. The antitoxin neutralizes the toxin according to the law of multiple pro- 
portions (Kempner 1897). Its therapeutic properties are limited. Injected be- 
fore or simultaneously with the toxin it is protective for guinea-pigs and mice 
Kempner (1897) found that 300,000 neutralizing doses, given 24 hours after the 
injection of the toxin, saved the life of a guinea-pig. Similar results were obtained 
by Kempner and Pollack (1897). Toxin-antitoxin mixtures given by the mouth 
are said to be dissociated in the stomach (Leuchs 1910). No international standard 
has yet been laid down for the antitoxin, but the intravenous inoculation of mice 
with toxin-antitoxin mixtures appears to be a promising method of titration 
(Glotowa and Dankerowitz 1935). 

In the treatment of human cases antiserum has not yet been proved to be 
effective. Some favourable results have, however, been reported (McCasky 1919, 
Geiger 1920). Large doses, 50 ml. or more, of polyvalent scrum, or of monotypical 
Eerum if the type of the intoxicating organism is known, should be given intra- 
venously every day till the patient recovers, or all hope is abandoned. A pro- 
phylactic dose of 10 ml. should bo given intramuscularly to all who have partaken 
of the poisonous food, and who havo not yet developed symptoms of the disease. 
The antitoxin unit in the U.S.A. is tbnt amount which prevents death within 4 
days of guinea-pigs weighing 250 gm. injected with 1,000 M.L.D. of toxin. 

Burke, Elder and Pischcl (1921) state that liquid soap neutralizes the toxin, 
and that olive oil prevents its absorption from the gut. They advise therefore 
the use of high enemas of soap and olivo oil. Iodine and potassium permanganate 
are both able to destroy the toxin in vitro, and might reasonably be given by the 
mouth. Alcohol precipitates the toxin (Armstrong elal. 1919) ; and it is possible 
that frequent small doses of brandy might prove beneficial. Mutch (1937) draws 
attention to the value of medicinal kaolin in the treatment of food poisoning on 
account of its ability to adsorb toxin. It is doubtful, however, whether any of 
these methods is likely to be of value in practice, since sufficient toxin will already 
have been absorbed by the time treatment is begun. 


Botulism in Animals 

Of recent years considerable attention has been devoted to a study of diseases of 
domestic animals characterized as a rule by fairly sudden onset, paralytic symptoms 
and often death. In many instances it has been possible to demonstrate a relation 
ship between the type of fodder used and the occurrence of the outbreak. Organism- 
of the botulinum type have frequently been isolated from the animals and from t o 
fodder, and the toxin produced in culture has been shown to be capable of repro ac 
ing the symptoms of the disease when given by the mouth or inoculated subcutane 
ously. The complete chain of evidence necessary to incriminate these organisms 1 ® 
the causation of the disease has often been lacking, but there seems to be 1 ® 
question that in many outbreaks the diagnosis of botulism has been essen » y 


correct. . . . » t-a 

Great confusion exists about the exact identity of the various organisms 
Because some of them differ in their toxin production from the classica * 
linum A or B types, the names Cl. parabotulinum, Cl. paraboluhmm > ^ 
Cl parabotulinum equi have been suggested, and the disease caused by 
been termed parabotulism. This is not the place to discuss bactenologwai no 
clature, but we are in entire agreement with Weinberg and Gmsbourg ( 
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Forage poisoning is a wide terra covering a number of different conditions, and 
Jt is not to be thought that it is uniformly due to poisoning with the toxin of Cl. ’botu- 
linum. According to Walker (1929), the grass disease of this country is almost 
certainly different from, botulism ; and according to Gordon (1934) a disease in 
some respects resembling grass sickness may result from intoxication with 
products of Cl. t Mil (sec Chapter 36). In Belgium Willems (1941) showed that 
the Mai d’Aiscau, which was thought to be a form of Borna’s disease, was in 
fact due to Cl botulinum Type D. The same organism is apparently responsible 
for the widespread enzootic of botulism among horses in France (Prevot and 
Brygoo 1950). • 

Botulism in Cattle and Sheep. — -Forage poisoning in cattle is commonest between 
the ages of C months and 2 years ; the case-fatality rate is 2-10 per cent. (Graham 
and Schwarze 19215). From a corn silage that was shown to have been responsible 
for an outbreak in cattle on two different occasions, Graham and Schwarze (19216) 
isolated Cl. botulinum Type B. Whether the organism had any causal relationship 
to the poisoning was not definitely ascertained. 

Dubovsky and Meyer (1922a) isolated Cl. botulinum horn the liver and 
mesenteric glands of two cows suffering from ictero-hmmoglobinuria. In Australia 
Seddon (1922) investigated an epizootic disease of cattle known by the names 
of Midland cattle disease, impaction paralysis, or dry bible ; this disease appears 
to be identical with the lamzielte of South Africa. From animals dying of the 
disease he isolated an organism, which he called B. parabotulinus ; this organism is 
now referred to as the type of Cl. botulinum. Experimentally its toxin gave rise 
to bulbar paralysis in cattle. 

Our knowledge of botulism in cattle was extended by Theiler and his col* 
leagues (1926-27) working on lamziekte in South Africa. This disease, which is 
characterized by paresis and paralysis, principally of the locomotor system, but 
sometimes of the muscles of mastication and deglutition, occurs in areas where the 
phosphorus content of the soil, and hence of the pasturage, is deficient. According 
to Theiler, the affected animals have a craving for phosphorus. This they endeavour 
to satisfy by eating the debris of carcasses, especially bones, which they find on the 
veld. Some of these carcasses, or the remains of muscle around the bones, happen 
to be infected with Cl. botulinum, and if sufficient toxin has been produced by t e 
multiplication of this organism, the animals are liable to develop the characteristic 
symptoms of lamziekte (see also Seddon 1927). The disease can be prevented J 
feeding bone-meal to the animals ; this satisfies their craving for phosphorus, an 
so prevents their indulging in the so-called practice of “ osteophagia.” The in ec 
ing organism appears to be mainly of the D type, but, as already noted, it is close y 
related to the Cp type found in Australia by Seddon. According to Scheuber ( * b 
it is found in the soil near decomposing carcasses, and often in the intestinal con ea 
of both sick and healthy animals. 

Bennetts and Hall (1938) found that botulism of cattle and sheep m " esl c 
Australia resulted largely from the eating of carrion containing the toxm o . JT®. ^ 
Experimentally, they were able to show that as little as 3-5 gm. of toxic w - 
carrion might prove fatal to sheep. The length of time that carrion rem 
toxic varied with the rainfall and other factors, but sometimes it might e as | 
as six months. Vaccination with two doses of alum-precipitated botulinum 
at an interval of not less than two months conferred on both cattle an 
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Immunity. 21 The resistance of cakes and non pregnant cow’s to clinically 
apparent brucellosis is clearly an expression of natural immunity, though the 
older animals respond to the microorganism with the production of anti 
bodies and the development of an increased resistance to subsequent infec 
non. Man likewise appears to have a high degree of natural resistance to 
the infection and it is probable that there are many more infections than 
clinical cases of brucellosis. In the series studied by Huddleson and Mun- 
ger , ' f in which exposure to infection was known, only about half the indi- 
viduals showing evidence of infection by an immune response had clinicalk 
apparent disease. 

In man the immune response is evidenced by the appearance of agglu- 
tinins, opsomns and hypersensitivity to preparations Cbrucellergen') of the 
cell substance of the bacteria. It is not clear, however, that this response is 
associated with an increased resistance, i.e., effective immunity, to the 
infection. Prophylactic inoculation vvith Brucella vaccines is not practical 
in man, though the available evidence indicates that it is effective in cattle. 
Killed vaccines have not given satisfactory’ results, but those of living 
avinilcnt bacilli have given encouraging results in the control of bonne 
brucellosis by vaccination of calves A smooth, avirulent sttain known as 
strain No. 19 has been the most widely used. The desirability of general 
vaccination is not completely agreed upon, however, since it does not elimi 
nate infection in herds. 22 The therapeutic use of antisera or vaccines in 
human brucellosis has given disappointing results. 

BRUCELLA BRONCIIISEPTICA 

This microorganism is very similar to Br. abortus, but is motile and 
highly aerobic. It does not produce hydrogen sulfide. It is immunologically 
related to Br. mehtensis and Br. abortus, but can be separated from them 
by agglutinin-absorption tests It also resembles Hemophilus pertussis both 
culturally and immunologically Originally isolated from dogs ill vvith dis- 
temper, it is not now generafiy befieved to stand in any causaf relation to 
that disease. It is, however, frequently found as the cause of broncho- 
pneumonia m guinea pigs and other rodents 

22 See the discussions by Dykstra Jour- Amer. Vet. Med. Assn , 1947, 110 . 96; Craw- 
ford ibid , 1947, 110 99 , Haring ibid., 1947, 110.103. 
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Chapter 24 


PASTEURELLA 

Hemorrhagic Septicemia; Plague; Tularemia 


The term ‘‘hemorrhagic septicemia” was applied by Hucppc to a group 
of highly fatal infectious diseases of the lower animals in which large and 
small hemorrhagic areas arc found in the subcutaneous tissues, serous 
membranes, muscles and lymph glands, and throughout the internal organs 
The causative bacteria constitute a group of closely related, biochemically 
inactive, non-motile, gram-negative forms showing bipolar staining. The 
first of these bacteria to be studied was the etiological agent of fowl cholera 
which Pasteur used in his early studies on immunity. Others have been 
described as producing hemorrhagic septicemias in various lower animals. 
Regarded by some as but a single species under the name Pasteurella phiri- 
septtca, these bacteria arc usually separated into species which differ from 
one another in host adaptation and minor fermentation reactions. They 
have been given names derived from the kind of animal in which they Here 
found. 

The species of bacteria causing the hemorrhagic septicemias of loner 
animals are: . . p 

Pasteurella avtseptica (Bacillus aviseptievs, Bacterium aviseptiewn, 
teurelln avtcida ) — the fowl cholera bacillus. Pathogenic far birds and mam 
mals. 

Pasteurella mtiriseptica ( Bacillus murisepticus , Bacterium murtscpUcuv, 
Pasteurella mttricida ') — found in naturally infected wild rats and P af 
genic for rabbits, guinea pigs, mice and rats but not for chickens or pigeo 
Pasteurella leptseptica ( Bacillus lepisepticus. Bacterium lepiseptinnn, 
teurella cuniculictda ') — the bacillus occurring in contagious nasa ca a 
or ‘‘snuffles" of rabbits as a clinical or latent infection Produces se fl‘ m . 
in rabbits upon parenteral inoculation. Pathogenic for chickens an 
mals. , . , PflS r 

Pasteurella stiiseptica (Bacillus suisepticus, Bacterium sinsep icn > 
teurella Miilin)— the bacillus of swine plague. Pathogenic tor mice, 
and birds. _ . . .• n pas- 

Pasteurella boviseptica (Bacillus boviseptietts. Bacterium oi isep ' an( j 
teurella bollingerO — produces a hemorrhagic septicemia in ca > 
horses and is found in deer and wild hogs. -are not ordi* 

So far as is known, the diseases produced by these actena 
502 
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nanly communicable to man Rare cases of human infection with bacilli 
of this group have, however, been reported. 1 Closely related to this group 
and classified as species of Pasteurella are the bacilli of plague or “black 
death” and of tularemia or “rabbit fever” Past pestis differs culturally from 
the hemorrhagic septicemia bacilli m that it grows in the presence of bile, 
does not ferment sorbitol, and does not produce indol or hydrogen sulfide.- 
Unlike the other Pasteurella species. Past ttilarensts requires enriched media 
for growth. 



Fig. 92. Pasteurella suisepitca Smear from a pure culture Fuchsin, X 1050. 


PASTEURELLA PESTIS— THE PLAGUE RACILLUS 
Plague prevailed extensively throughout Europe during the Middle Ages. 
It has been estimated that 25,000,000 persons, or one-quarter of all in- 
habitants of Europe, penshed in the "great mortality” or “black death” of 
the fourteenth century (1348-49). Few diseases have left so deep a mark 
on general literature. Boccaccio’s Decameron contains one of the most vivid 
descriptions of the plague ever written, and Defoe’s fictitious- Journal of 
the Plague Year provides a realistic picture of the devastation of London 
m J665 by an outbreak of “black death” in which 70,000 persons perished. 

For reasons that may be only partly conjectured the plague has had 
irregular periods of quiescence and recrudescence Western Europe has been 
practically free from the plague since the middle of the eighteenth century, 
and the disease began ns first great extension in modem times with its 
apjiearancc in 1893 in Hongkong and in 1896 in Bombay. During recent 
years the plague has caused terrible loss of life in British India; official 
statistics show that in the period from 1896 to 1918 more than 10,000.000 
deaths were due to this disease. In October, 1899, a case was recorded at 
Santos, Brazil, this is thought to he the first occurrence of the plague in the 
Western Hemisphere. Plague first appeared in the United States in San 
Francisco in 1900, it is assumed that it was introduced by infected rats from 
1 The hemorrhagic scpticcmiJ bacilli arc discussed at length by Regain e>\ Les infec- 
tions fitciin*iH« a B. bipolans septiem (P<itteiweHo?«). Huber, Home. 1939. 

! Defoe was only four years old in the >c3r of the great plague 
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Morphdogy an.l Staining The plague bacillus is a short, plump, ovoid 

hut lH l * m e " S *' a" ‘ he b ° dy fluids the bacilli •»? occur in Ffc, 
but ong churns are rare and, in general, there is no characteristic arrange 
ment. The bacilli are non-motile and are encapsulated. ’Involution forms 
are common especially m older cultures, and coccus shapes, large rods anil 
gigantic swollen forms may be observed. The tendency of the plague bacillus 
to aberrant morphology is accentuated by cultivation on media containing 3 
to 4 per cent sodium chloride; the appearance of involution forms in twenty 



Fig 93. The plague bacillus Smear from pure culture; fixed in methyl alcohol itii 
stained with methylene blue to show bipolar staining. Note the involution forms present 
even at twenty-four hours’ incubation. Left, X 1050, right, X 1800. 


four-hour cultures on salt-containing media has been regarded by some as a 
characteristic of differential value. 

Colonies on nutrient agar or gelatin have a delicate, drop-like appearance, 
with a round, granular center and a thin, granular, uneven margin. 

The plague bacillus is uniformly gram-negative and shows a mark 
tendency toward polar staining, i.e.. there are heavily stained areas at t c 
ends of the cell separated by a lightly stained area in the center (see *£ 
93). For good bipolar staining the smear should be air-dried and fixe w 
alcohol The usual aniline dyes, such as methylene blue, are satisfactor)- 
The plague bacillus is best demonstrated in tissue sections by a poI)e rome 
stain. I 

Physiology. Past, pestis is not nutritionally fastidious, and 
occurs on all the ordinary culture media, although m peptone ua * er * 
very poor. Some strains will grow in amino acid media rjnlihe 

vitamins while others require nicotinamide or thiamine or bot ' Q, 
most of the bacteria pathogenic for man, a temperature of 2 to- 
3 Berkman. Jour. Inf. Dis., 1943, 71:201; Doudoroff Proc. Soc. Exp. Biol, i 
53:73. 



CHAPTER 73 

PLAGUE, PASTEURELLOSIS, AND PSEUDOTUBERCULOSIS 
PLAQUE 
Introductory 

Plague lias been ono of the greatest scourges of the human race. From time 
to time it has swept over the world in relentless waves, exacting a toll of life 
probably unequalled by that of any other epidemic disease. In the 5th and 6th 
chapters of the 1st Book of Samuel there is an unmistakable account of bubonic 
plague {sec MncArthur 1952). Before the Christian era 1 1 epidemics are on record , 
during the 1,500 years following the birth of Christ there are records of 109 
epidemics, including the great plague of Justinian’s reign, and the Black Death 
of the fourteenth century. Between 1500 and 1720 there were 45 pandemics of 
plague (Editorial 1923a). During the eighteenth and the nineteenth centuries it 
was comparatively quiescent, being confined almost entirely to endemic foci in 
various parts of Asia ; but at the close of the last century it sprang once more 
into activity. Starting in IIong-Kong in 1891, it invaded India, Japan, Asiatic 
Turkey, and European Russia in 1896 ; the following year it reached Madagascar 
and Mauritius In 1899 Arabia, Persia, the Straits Settlements, Austria, Portugal, 
British South Africa, Egypt, the French Ivory Coast, Portuguese Africa, the 
Argentine, Brazil, Paraguay, and the Hawaiian Islands were affected. Theresas 
n small outbreak at Glasgow in 1900, and in the same year the disease appeared 
at Sydney in Australia and at San Francisco, California. Undoubtedly the brenf 
of the disease was borne by India, where in the 20 years 1893-1918 more tha® 
10 million deaths were recorded (White 1918-19). (For general review of history 
and of present prevalence, sec Hockcnga 1947, Haul 1949, Pollitzer 1954.) Att * 
present time bubonic plague is disseminated widely but unevenly throughout t ® 
world . foci arc present in India and South-East Asia, in parts of Africa an ,u 
South America (Haul 1949) . , 

One of the most disturbing features is the progressive infection of rodents t ^ 
is occurring in the Americas and in South Africa, constituting what is knouu^ 
rural, wild rodent, or sylvatic plague in contradistinction to bubonic plague, w 1C 
is spread by rats. . j_ 

The causative organism was isolated independently and almost simultaneo 
by Kitasato (1894) and by Yersin (1894), at Hong-Kong in 1894. TWO* ' 
workers, particularly Ogata (1897), Simond (1898), and Gauthier an ^ 
(1902, 1903) were responsible for showing that the disease is primarily one o ro ^ 
and that it is spread to man by the agency of infected fleas. Thi® 1 
was criticized by several workers (Nuttall 1898, Galli-Valerio 1900, 1 ). , 

definitively proved to be correct by the English Plague Commission ( e P° 
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is more favorable than one of 37° C-, and the limiting temperatures for 
growth are — 2° G. and 45° C. In any case, the colonies on solid media grow 
slowly and never attain a large size. The plague bacillus is aerobic and faculta- 
tively anaerobic. 

Sugar fermentations are vanable, and a small amount of acid but no 
gas is produced. Neither coagulated serum nor gelatin is liquefied, and indol 
is not produced. Nitrates are reduced to nitrites, and a small amount of 
hydrogen sulfide is formed. On potato and in milk multiplication is slow 
and scanty, milk is rendered slightly acid but is not curdled. 

One of the most characteristic cultural features is observed in the growth 
in broth. When the surface of this medium is covered with a layer of oil 
and flasks are left undisturbed for five or six days after inoculation, long, 
delicate filaments are formed which hang down from the surface into the 
depths of the clear broth, like the stalactites that depend from the roof 
of a grotto. Not all cultures of Post pestis show stalactite growth in equal 
degree, and, on the other hand, a similar formation has been observed in 
cultures of other bacteria, the stalactite formation, therefore, while highly 
characteristic, especially when broth is seeded directly from fresh plague 
buboes, is not specific. 

The plague bacillus does not exhibit any marked resistance to deleterious 
influences Exposure to drying, particularly at the higher summer tempera- 
tures, kills it within a short time. The bacillus is quite sensitive to the action 
of sunlight and chemical disinfectants, it is killed, for example, by 0 5 per 
cent phenol in ten to fifteen minutes and by heating to 55° C. in about the 
same time. Cultures kept in the refrigerator, however, remain liable over 
long periods of time. In general, the life of Post, pestis outside the animal 
body is precarious, and the bacillus seems to disappear speedily from soil, 
water and buried cadavers. 

Toxins. The toxicity of old broth cultures to experimental animals on 
parenteral inoculation is indicative of the toxicity of the bacillary cell sub- 
stance. Baker ct ctl. * have isolated an endotoxin by chemical fractionation of 
the bacilli which had an LD 50 dose for mice of 0.6 y and was not identical 
with an immunizing protein antigen. The plague bacillus also contains a 
factor which enhances spreading in the tissues and increases capillary pre- 
meability, and a coagulasc is produced/' 

Pathogenicity for Man, Plague in man appears most commonly in 
two forms, the bubonic or glandular plague and plague pneumonia. In the 
bubonic type the symptom-complex is characteristic, and diagnosis on clinical 
grounds is relatively simple. From the buboes, which may be either primary 
or secondary, bacilli may pass over into the blood; in fatal cases the bacteria 
often multiply in the blood extensively. The case fatality is 60 to 90 per 
cent A primary plague septicemia can also probably occur. There arc some- 
times subcutaneous hemorrhages. During the plague epidemics in the Middle 
Ages such hemorrhages seem to have been more frequent than at present, 
and the dark spots to which they give rise were the origin of the popular 
name of “black death.” 

Plague pneumonia occurs secondary to the glandular infection and ma\ 

4 Baker et ok: Proc. Soc. Exp. Biol. Med . 1947, 64:1 39. 

*Jav\ei? and Mejcr Jour. Immunol . 1944, 49.15. 
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The case fatality of bubonic plague is about 60-90 per cent., of pneumonic 
plague 100 per cent. 

In Bombay the English Plague Commission (Report 1907, p. 724) determined 
that prior to the annual outbreak of human plague there was an epizootic amongst 
the rats. First the rats belonging to the species Rattus norvegicus (Mus <kai- 
manus) were affected. After an interval of about 10 days an epizootic appeared 
in the rats of the species Raltiis rattus ( Mus rattus) ; and after a further intern! 
of 10 days the human epidemic broke out. From this they inferred that R, rallus 
was infected from R. norvegicus , and subsequently conveyed the disease to man. 
It was further observed that plague persisted in R. norvegicus during the off- 
season— in Bombay from June to December— and flared up at the onset of the 
colder weather (Fig. 288, p. 1837). 

The transference of plague from rat to rat and from rat to man occurs almost 
exclusively by fleas. Chief amongst these are Xenopsylla ckeopis and Ceratophyllus 
fasciatus — the rat fleas. It has been shown that in the absence of their specific 
hosts, both of these types of flea will bite human beings. Plague is essentially a 
septicocmic disease ; towards the end of an attack the bacilli are present in the 
blood in enormous numbers, and are readily imbibed by the fleas that infest th6 
rat. When the animal dies, the fleas leave the corpse and wait for a suitable 
opportunity to attach themselves to a fresh host. Meanwhile the bacilli multiply 
in the proventriculus, often to such an extent as to block it completely, and pre- 
vent access of food to the stomach. A flea in this condition is hungry, and when 
it succeeds in finding a new host, attacks it with vigour. The act of sucking, 
however, only distends the already contaminated oesophagus, and on the cessation 
of the pumping act some of the blood is forced back into the wound (Bacot and 
Martin, see Report 1914). Sometimes a temporary passage is cleared through 
the mass of obstructing bacilli ; this fails, however, to restore the lost valvular 
function to the proventriculus ; it merely leaves a passage through which the 
blood can flow out of the stomach as freely as it enters. Hence after a full meal, 
blood extends from the posterior portion of the stomach to the anterior chamber 
of the pharyngeal pump. Such a flea is probably more dangerous than one whose 
proventriculus is completely blocked, since the contents of the stomach can « 
regurgitated into the wound with greater freedom (Report 19156, Burroughs 1^47) 

The length of time that a flea can remain infected depends on several factors, 
chief of which are temperature and humidity. In India fleas were found to bar out 
plague bacilli up to 47 days (Report 1915c), in Madagascar for several we? 
(Girard 1936), and in the United States for as long as 130 days (Eskey and 139 
1940). Survival of the bacilli in the flea is favoured by a low temperatw^- 
about 50° F. — and a nearly saturated atmosphere ; adverse factors are a ® 
perature over 80° F., or an even lower temperature with a dry atmosphere ( 19 ^ 
1924). But the time that fleas can remain infective is much shorter; 4 
them die in a day or two, and the limit of infectivity is probably a ou 

It has been suggested that the bacilli in tho flea’s stomach may he atts £ _ 
by the phagocytes in the rat’s blood which has been ingested ; when ® ^ 
perature rises the phagocytes become more active. This may explain w y ^ 

clears itself more quickly at a high than at a low temperature, and also wn^^ 
is fed on healthy blood after being infected, it clears itself more quic y 
it is starved. The clearance is said to be still more rapid when 6 
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fected insect -vectors (as differentiated from mechanical transmission bv 
insects), the gut of most blood-sucking insects is strongly bactericidal and 
bacteria do not persist there more than a few hours. Past, pestts and Past, 
tular crisis, however, are resistant to this bactericidal activity and the insect 
vectors may remain infective for days and perhaps weeks. 

Plague is also present in other rodents. In California the native ground 
squirrels have proved highly susceptible to infection, and through the 
agency of these animals a great reservoir of infection termed sylvatic plague 
has developed . 7 The infection may be overt and occur in epizootic form, 
and it may also persist as an inapparent latent infection . 8 The squirrel 



Fig. 96. The world-wide distribution of human and sylvatic plague. Re 1 20 .» 
prepared by Army Medical Intelligence, 1943. (Based on Goode Base ap. 

By permission of the University of Chicago Press.) 


flea, Ceratophyllus acittus, transmits the infection to man. In o lei T 
the world other rodents are affected and are the means by whtc 
js maintained and spread. In South Africa it is the gerbille, m ra ” j n 
the tarbagan, and in Russia the spermophile that keeps the p agu ^ ^ 
animal reservoirs of infection; there is a focus of sylvatic p 8 
Pcruvian-Ecuadonan frontier in wild rodents. The tendency ° , n ot 
bacillus to establish these reservoirs in wild rodents constitutes. cxtenc J- 
fully appreciated. There is reason to believe that rodent m ec ' j cV , 
ing in several parts of the world, and there is also some ^ specially 
dence that plague infection of man contracted from wild t e 
likely to assume the deadly pneumonic form. ^ ^ an j 

7 Plague in the western part of the United States is considered to d 
Haas. Pub. Health Bull. No, 254, 1940. 
a Meyer et «l- Jour. Inf. Dls., 1943, 73:144. 
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on tho blood of immunized animals (Report 3908, p. 260). It is possible tliat 
in this manner the increasing proportion of immune rats towards the close of an 
epidemic exercises an inhibitory ©fleet on tho spread of the disease. 

Plague in Rats. 

In India the two species mentioned above arc chiefly responsible for the spread 
of plague. Iiattus norvegicus is the large grey rat ; it lives in sewers, stables, 
and garbage. Iiattus rattus is the black- rat ; it is smaller and less fierce than the 
grey rat, and, living in houses or their immediate neighbourhood, it comes into 
closer contact with the human population. The natural mode of infection of rats 
appears to be nlinost entirely by fleas. It is possible that animals may acquire 
the disease by devouring their dead companions; but considering that it is not 
easy to infect rats by feeding them on plague material, and tliat the post-mortem 
appearances in rats dying naturally of plague differ from those of rats experi- 
mentally infected by feeding, it is doubtful whether this is more than a rare 
occurrence. 

In Bombay, of the dead rats examined during 1905-0G, 22-2 per cent, of R. 
norvegicus, and 1G*7 per cent, of Jl. rattus were infected with plague. Of the live 
rats the figures were 0-85 per cent, nnd 0*37 per cent, respectively. Thus plague 
was commoner in R. norvegicus than in R. rattus {Report 1907, p. 724). The 
susceptibility of the two species to experimental inoculation with plague W3S 
almost identical. In Sydney during 2$ years ending December 31, 1904, 125,872 
rats and mice were caught nnd examined ; plague was identified in 0-37 per cent. 
(Thompson 1900). 

During the height of the epizootic the lesions arc those of acute plague, but 
during and subsequent to the decline, a number of healthy rats are encountered 
with atypical lesions. Ono of tho commonest of these is a large abscess in the 
spleen or liver, containing plague bacilli. The rats, though infected, have evidently 
been able to withstand the attack. Swellengrebel and Hoesen (1915) in Java, 
and Bordas, Dubief and Tanon (1922) in France found a number of rats with 
atypical lesions containing plague bacilli of lowered virulence ; on passage through 
one or two guinea-pigs they became fully virulent again. Williams and Keramem 
(1923) in New Orleans confirmed the existence of latent plague in rats. It has 
also been found among other rodents in Russia and the United States. Whether 
these animals act as chronic carriers of the disease and are responsible for keeping 
alive the infection from one epizootic to the next is still an open question. 
workers are disposed to attribute more weight in this respect to the survival o 
plague bacilli in the flea than in its host (Girard 1936, Eskey and Haas 1940). 

Experimental Transmission of Plague in Rats. — It has been abundantly demon- 
strated by different workers that plague does not spread from rat to rat by con 
tact in the absence of fleas. On the other hand infection spreads readily in * 
presence of fleas, even though the animals have no immediate contact with eac 
other. Two experiments of the English Plague Commission will illustrate 13 - 

Experiment 1 .— (Report 1910.) Bombay rota Mere inoculated mtb phgwi *”'j 
mixed with normal rats in godowns. In one set of godowns fleas were exclu > 
in the other set they were permitted to multiply. In the flea.. free godowns none 
normal rats, which were in continuous contact with the infected rats, deve ope P 
whereas in the others infection spread rapidly (Table 141). , huboes 

The rats dying of plague in the flea godowns nearly all showed cernca 
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As pointed out above, plague may assume two epidemiological forms. 
As pneumonic plague it is transmissible by droplet infection and its epi- 
demiological behavior is very similar to that of the other respirator)’ infec- 
tions. As bubonic plague it is derived from an infected rodent through the 
agency of the flea. In its epidemic form, bubonic plague is nearly always 
associated with the disease in the black rat. Infections denied from other 
rodents, such as the California ground squirrels, are sporadic rather than 
epidemic. The dissemination of bubonic plague in epidemic form, then, is 
determined by the closeness of the association between the infected rat 
population and the human population. Filth and poverty associated with 
a large rat population provide opportunities for transmission of the disease, 
and if transmission takes place on a large scale an epidemic may flare up 
and perhaps extend to even greater proportions as the pneumonic form 
develops. 

Bacteriological Diagnosis of Plague. In man the bacilli are found 
in material aspirated from buboes, in cultures or smears of internal organs, 
especially spleen, and, in pneumonic plague, in the sputum. The presence 
of gram-negative, bipolar staining, ovoid bacilli is highly suggestive. Blood 
cultures, taken late in the disease, should be cultured first in broth. Other 
material may be inoculated directly on blood agar and glycerol agar. Cul- 
tures may be identified by cultural and biochemical characteristics and by 
agglutination in plague antiserum. The bacilli show some tendency to spon- 
taneous agglutination and the slide agglutination test is unsatisfactory 
Guinea pigs may be inoculated subcutaneously or, with specimens that have 
undergone gross contamination and decomposition, by rubbing the material 
on the freshly shaven abdomen, the plague bacilli penetrate the minute 
abrasions while the contaminants do not. The animals die in two to five days, 
postmortem findings arc characteristic and include subcutaneous and general 
congestion, congested spleen, granular liver and pleural effusion The ba- 
cilli may be found in spleen smears and elsewhere and cultured It is impor- 
tant that the animal be freed of ectoparasites before inoculation Plague in 
rodents may be diagnosed by postmortem findings, which are similar to those 
m the guinea pig. by microscopic and cultural demonstration of the bacilli, 
and by guinea pig inoculation. 

Immunity. Recovery from plague confers a solid immunity to sub- 
sequent infection Experimental animals may be immunized by inoculation 
with suspensions of attenuated or killed plague bacilli, and numerous at- 
tempts have been made to actively immunize man in this way. One of the 
first plague vaccines was that of I laffkine and consisted of heat-killed bacilli 
from old cultures. Tins and other killed vaccines have never been particu- 
larly satisfactory and do not produce an efficacious immunity in man. The 
vaccine used by the United States Army during World War II consisted of a 
suspension of 2000 million formalin killed virulent plague bacilli per ml., 
and was given in two doses, 0 5 ml. and 1.0 ml , seven to ten days apart. 
Inoculation with living attenuated bacilli produces a much more solid im- 
munity in experimental animals, however, and avirulcnt strains appear to 
lie as efficient immunizing antigens as virulent strains." The use of living 
attenuated cultures for human inoculation has been attempted in the past 

» Pine and Grasset- South African Med Jour, 1938. 12 294, tluJ , 1941, 15 275. 
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of 6 godowns were specially constructed by the Commission. The walls were of brick 
and mortar, 9 inches thick ; the floors were of concrete on top of a high plrnlh. Each 
godown measured internally 7 ft, x Q ft. Leading into the interior were double doors, 
lined with wire netting, between which was an inspection chamber. The essential difference 
in the structure of the godowns was in the roofs. Nos. 1 and 2 were roofed with countij 
tifes, placed in four layers on the top of wooden laths. On the inside of this roof there 
was a wire netting on a wooden framework in Godown 2, and two layers of wire netting, 
10 inches apart, in No. I, so that while rats could build their nests in the tiles of the 
roof, they were completely shut off from the interior of the godowns. Mangalore tiles were 
used for roofing Godowns 3 and 4 ; these do not afford so good a shelter for rats as country 
tiles ; a single layer of wire netting separated the tiles from the interior. Godowns 6 and 
6 were roofed with a single layer of corrugated iron fastened down with cement to the tops 



Outer Doors 
Fla. 290. 

The doors opened into the left-hand side of each godown, not in the middle aa indicated id & * 
figure. 


of the walls, so that no rats could nest at all. Godowns Nos. 1 and 3 had a small roof 
light ; the rest were in darkness (Fig. 290). * 

By allowing 3 guinea-pigs to run about in each godown for 0 days, and ma mg 
counts every day, it was ascertained that the number of fleas varied in each instance * ^ 
the accessibility of the roof to rats. Thus in No. 1, 54 fleas ; in No. 2, 228, in ® ' 

40 ; and in No. 4, 70 fleas were caught in 6 days. In Nos. 5 and 0 fleas were few or a 
Incidentally this experiment brings out the importance of darkness in favouring in 
tion by fleas. 


In these godowns a series of experimental epidemics was initiate ^ m . ? e( j 
guinea-pigs, generally by introducing a number of animals experimental ) 
with plague and adding normal animals to them, For the detailed resu ts, re 
must be made to the Commission’s Report (1906) ; the conclusions 
drawn from them were as follows : . . . „ ra ptr | u M 

(1) Close contact of plague-infected with healthy animals, if fleas we • } 

did not lead to the production of an epizootic. Since the godowns w 
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but not continued because of possible attendant danger. The use of such 
vaccines in man has been investigated by Grasset™ in South Africa with 
encouraging results, and a similar vaccine has been used in recent years in 
the Netherlands Indies in more than ten million inoculations without un- 
toward results . 11 

Antisera to the plague bacillus may be prepared by the judicious immuni- 
zation of horses, or other animals, but their efficacy as therapeutic agents is 
doubtful. 


PASTEURELLA PSEUDOTUBERCULOSIS 
Past, psetidotuberculosis ( Bacillus yseudotuberculosis rodenthnn) causes a 
disease of rodents, particularly guinea pigs. It resembles Past, pest is very 
closely but, unlike the latter, is usually actively motile at 22° C. Other 
differential marks are its tendency to produce alkali in milk cultures and 
its relatively low pathogenicity for white rats. The natural mode of infec- 
tion is probably by way of the alimentary tract. Subcutaneous inoculation 
of guinea pigs proves fatal in two to three weeks, with caseous swellings 
and nodules (“pseudotubercles, ” which have unfortunately given this bac- 
terium its name) in various organs. Past, pseudotuberculosis has been found, 
though rarely, in animals other than the guinea pig, and a few cases of 
infection have been reported in man. 


PASTEURELLA TULARENSIS 

Tularemia is a disease of rodents, rabbits in particular, that is trans 
mitted to man either directly through the handling of the flesh of infecte 
animals or indirectly through an insect vector. Past, tuhrensis (mctemtM 
tularense') was discovered by McCoy and Chapin 12 in a plague-like disea 
of the California ground squirrel. Tularemia in man, however, ls ” )n * I . ac 
largely from the rabbit and it was shown by Francis 13 that t le lsea^- 
known in Utah as deer fly fever is, in fact, tularemia transmute r 
infected rabbits to man by the bite of the fly Chrysops disailis, ran f is • r 
found that Post, tuhrensis was present in rabbits sold in the mar e 
Washington, D. C., and that a disease known as rabbit wa 

infrequent among those in contact with the rabbits. In 1938 20 c 
139 deaths and in 1939 2200 cases with 150 deaths were reported. * 
cases have been observed in all forty-eight states and in t e 
Columbia. 14 , . . minute. 

Morphology and Staining. In culture P#sL : n i cn gth, 

gram-negative pleomorphic rod 0.2 h in breadth and ,°'l l ° ba JujL form in 
the coceoid form predominates in young cultures and tn - nc3 pigs 

older cultures. In smears from the spleens of infected mice or arc 

the bacteria appear as coccoid forms in well-defined c us er • . ms arc 

present in the body; spores are not formed, and the mic 

10 Grasset; Trans. Roy. Soc. Trop. Med. Hyg., 1946, 40.275. 3061. 

» Cf. Otten: Mededeel Dienst Volksgezondheid Nederland-Indie, 

McCoy and Chapin: Jour. Inf. Dis., 1912, 1061. j 396. 

Francis: Pub. Health Repts., 1919, 34.2061; ibtd., 192*. « 

14 Cf. Pub. Health Repts., 1940, 55:667, 
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by a layer of Band. Wien left in plague-infected bouses, 24 per cent, of the animals in 
the unprotected cages developed plague whereas not one of the animals in the protected 
cages did so. 


Mode ol Spread of Plague in Bombay.— The conclusions drawn from these 
experiments receive support from epidemiological observations in the field. Plague 
in man predominates amongst the lowest classes, particularly those in dirty and 
insanitary dwellings, where rats and fleas ore numerous. The higher classes, such 
as the Parsecs and the Europeans, suffer very slightly. The presence of an initial 
bubo renders it highly probable that infection occurs by the skin, and the pre- 
dominant selection of the inguinal region for the development of the bubo sag 
gests that the bacilli gain entrance through the skin of tho leg. In confirmation 
of this it has been noted by several observers that in about 5 per cent, of cases 
the first sign of plague is a small vesicle, surrounded by an area of redness 
(Simond 1898). This is found generally on the leg, and is undoubtedly due to 
the bite of a flea. Living plague bacilli arc said to be uniformly present in these 
vesicles. 

Though rats in Bombay breed throughout the year, both R. rattus and R. 
norvegicus breed most freely from Juno to October. The largest proportion 
of young rats in relation to the total population is reached in November a&d 
December. 

Rat fleas arc most prevalent during the months of February, March, April, 
and May. The infestation of R. norvegicus is more than double that of R. rallus. 
Thus the number of fleas per rat during these months is about 5 for R. rallus and 
12 for 71. norvegicus. In this connection it will be remembered that plague is 
commoner in R. norvegicus than in R. rattus. The epidemic season for rats and 
man lasts from January or February till April or May, the maximum prevalence 
being cither in March or April. The sequence of events would appear to be as 
follows. During the hot season the rats breed freely, and a large susceptible 
population is produced. As the colder weather arrives, the fleas increase in 
numbers, and plague breaks out in R. norvegicus. This is rapidly followed by an 
epizootic in R. rattus, and this in its turn by the human epidemic. At the onset 
of the hot weather in May or June the flea population decreases rapidly, an 
plague in rats and man comes to an end for tho year. The subsidence of t e 
epidemic is accounted for partly by the increasing proportion of immune ta s * 
and partly by the decrease in the number of fleas. With regard to the f° r “f r 
it was found by the English Commission that Bombay rats captured towards e 
end of the epizootic were more resistant to experimental inoculation with 
■pestis than those at the beginning. Whether tho rats that had survive^ ^ 
epizootic were more resistant ab initio, or had acquired immunity during 
progress of the epizootic, it is impossible to say. , 

During the off-season sporadic plague occurs in rats, particularly R. norvegi > 
and in man ; but the conditions are obviously unsuitable for its sprea on 


but a small scale. . p. m T) a y 

We have dealt at some length with the conditions prevailing m 
because they have been investigated so thoroughly. In other parts o n ® 
the same sequence of events has been observed, with, however, variations ep 
on climatic and other factors. It is curious that 75 per cent, of e V & ■ - te( j 
in India are distributed over the Punjab, the Bombay Presidency, an 
Provinces, when it is remembered that these areas contain less an 


I 



Pathogenicity 511 

non-motile. According to Hesselbrock and Fosliay 15 it reproduces by a num- 
ber of methods, including binary fission, budding, filament formation and 
the like, and they regard it as closely related to the microorganisms of the 
pleuropneumonia group (p. 547). 

On solid media Past, tularensts forms minute, transparent, droplike colonies 
that are mucoid in consistency and readily emulsifiable. 

This bacterium is somewhat difficult to stain, methylene blue is not 
satisfactory, but either carbol fuchsin or aniline gentian violet may be used. 
Bipolar staining may be observed. 

Physiology. Past, tularensis ’differs sharply from the other members of 
this genus in that it will not grow on the ordinary media. It may be cul- 
tured on a coagulated egg-yolk medium or on blood dextrose cystine agar. 
Until recently it has been assumed that this bacterium could not be grown 
on a liquid medium Tamura and Gibby 10 have found, however, that 



Fig 97. Pastemella tularensis. Note change from coccoidal to bacillary form in twenty- 
four hours on fresh culture medium (Francis). 

growth occurs in casein or gelatin hydrolysate medium supplemented with 
biotin, blood cell extract and liver extract. Stcinhaus and McKee 17 have 
found that a medium of heart infusion, dextrose, cystine and hemoglobin 
will support good growth. It is aerobic and facultatively anaerobic, and its 
optimum temperature is 37° C. Fermentation reactions have been investi- 
gated in some detail by Francis 18 who has found that glucose, maltose and 
mannose are fermented, the fermentation of glycerol, levulosc and dextnn 
is irregular, and mannitol, galactose, xylose, trehalose, salicin, arabinose, 
adomte, sucrose, lactose, amygdalin, dulcitol, erythritol, inositol, inulin, 
raffinose, sorbitol and rbamnose are not fermented Differential fermentations 
are of no value. It is killed by exposure to 56° C. for ten minutes It has 
been reported that this bacillus contains an endotoxin. 

Pathogenicity. Two clinical types of tularemia are recognized, one the 
glandular or ulceroglandular type, which is the more common, the other the 
so-called "typhoidal” type. In the first instance the acute stage of the disease 
is characterized by headache, pains and fever, and a papule appears, fre- 

55 Hesselbrock and Foshay: Jour. Bact., 1945, 49 209. 

16 Tamura and Gibby: Jour. Bact., 1943, 45:361. 

11 Steinhaus and McKee: Pub Health Repts., 1944, 59.78. 

11 Francis Jour. Bact , 1942, 43 343. 
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It will be gathered that the conditions determining the epidemic spread of 
plague are very stringent. The links in the rat-flea-man chain must be delicately 
adjusted ; a slight fault in one link is sufficient to impair the efficiency of the 
whole chain, or even to break it altogether. This is doubtless the reason why, 
in countries where the conditions are not bo favourable as in India, plague often 
has great difficulty in spreading (Robertson 1923). Several times during the 
present century it has been introduced into England, chiefly at the ports, yet it 
has uniformly failed to take hold. In East Suffolk, it is true, it was endemic in 
the rats (Bulstrode 1910-11, Eastwood and Griffith 1914, Hacalister and Brooks 
1914), having been imported probably in grain ; but apart from attacking one 
or two persons it showed no potentialities for spreading to the human population 
(see Greenwood 1935). 

Plague in other Rodents. 

Ground Squirrels and other American Rodents. — Plague first appeared 
at San Francisco in 1900. By 1904 it had spread from the rats to the ground 
squirrels — Citellus beecheyi — and had begun to pass eastward from the coast 
(McCoy 1910). In 1934 it was found that plague had crossed not only the central 
valleys of California, but also the Sierra Nevada mountains into the Great Basin 
section of Oregon. A new species of ground squirrel, Citellus oregonus, was shown 
to be infected. As a result of special field surveys it was learnt that by 1910 
no fewer than ten states had been invaded. Three groups of rodents appear 
to constitute the main primary reservoirs of infection in the west : (1) ground 
squirrels in the coastal regions and northern part of the inter-mountain plateau; 
(2) wood rats in the southern deserts ; and (3) white-tailed prairie dogs in the 
plateau regions of Arizona and New Mexico. A more limited reservoir is furnished 
by chipmunks, mantled ground squirrels, and marmots. Numerous species of 
fleas, lice, and ticks are concerned in the transfer of infection among these rodentj 
(Eskey and Haas 1940) Cases of human plague have been traced to contact with 
ground squirrels, but they have been few. During the ten years, 1930-39, only 
8 cases were reported (Hampton 1940). If, however, plague should cross the 
Rocky Mountains and infect the urban rats of the middle west, a more serious 
situation might arise. In Canada, plague infection seems to be much less widny 
disseminated ; it is confined to ground squirrels and has so far been found on? 
in Alberta and Saskatchewan (Humphreys and Campbell 1947). On the other 
hand, in South America it is very prevalent, and in the Argentine alone ov« 
70 species of infected rodents have been identified (Hoekenga 1947) The com 
monest are the guinea-pig (Mtcrocavia spp ), the tree rat (Graomys gmeo-fevus), 
the vizcacha (a fox-bke animal), and the hare ( Lepus eti rope its). (For a descript' 0 ^ 
of the progress m combating sylvatic plague in the western part of the Cm * 
States the reader is referred to a series of articles by Meyer in 1936, 1937, 
and 1939.) ~ ^ 

Gerbilles and Multimammate Mice. — Plague was introduced into o 
Africa in 1900-2 by rats in forage vessels coming from South American p° ^ 
For some years sporadic outbreaks occurred of the usual type in urban areas 
by domestic rodents. About 1912, however, infection began to spread to ^ 
rodents m rural areas. Since then progressive invasion has occurred ti ^ ^ 
sylvatic plague is established over large areas of the country. The c ie ^ 
rodents affected are the gerbilles- — the common gerbille ( Talera brantsn an 
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quently on a finger where presumably (be bacilli enter the body, which 
later breaks down and forms an ulcer. The axillary and epitrochlear elands 
become painful and swollen and may brealc down with the discharge of 
purulent material. In cases infected via the conjunctiva, ulcers form on 
the inner surfaces of the eyelids and the cervical and pre-auricular glands 
may become tender and somewhat swollen. In the typhoidal type of the 
disease there are no local symptoms. 

During the first week of illness the bacilli may be present in the blood 
and have been cultured, although in general, cultures made directly from 
man are not successful and the bacillus is best isolated by guinea pig inocu- 
lation and culture from necrotic foci found in liver, spleen and lungs of the 
pig on autopsy. Direct cultivation from the blood is rarely possible but has 
been accomplished, and it has been suggested that during the first week of 



Fig. 98. Pastcurella tularettsis; coccoidal form; blood of rabbit (Francis). 


die disease an initial bacteremia may occur which, in fulminating cases, 
develops into septicemia. The bacilli can only rarely be found in smear 
preparations from human cases. In the experimental disease the bacilli are 
present in the lymph spaces and phagocytic cells of infected tissues, an 
their presence within the cells in enormous numbers has caused some work- 
ers to suggest an intracellular proliferation . of the microorganisms similar 
to that of the rickettsiae (Chapter 35). Agglutinins are present in the b 
in the second week of the disease and may persist in diminishing amounts 
for at least as long as eighteen years after recovery. The average duration 
of the disease is two to four weeks. The case fatality is low, 4.8 per cen , 
and the pathology of the disease in man is not well known. 1 

A variety of lower animals have been found to be naturally m e e 
addition to the ground squirrels and rabbits noted above, wild Ta , s , 
mice, woodchucks, opossums, beavers, coyotes, deer, red foxes, grow* 
muskrats, hogs, skunks, dogs, cats and lambs The infection a ^ 
naturally in some birds such as sage hens, grouse and quad- t> 
pig is highly susceptible to artificial inoculation. , , £ rc , m 

Epidemiology. As indicated above, tularemia is acquired by ^ ^ 
3s For postmortem findings cf. Mathews: New Orleans Med and Surg 
90 479. 
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plague in the winter, when overcrowding in insanitary dwellings is so common. 
This form of the disease is almost invariably fatal (Jettmar 1923). The incubation 
period is 3-5 days. 

In some countries, such as Manchuria, Transbaikalia, and the Kirghiz Steppes, 
bubonic plague occurs during the warm weather, and pneumonic plague dime® 
the winter. Under these conditions it seems probable that the outbreaks of 
pneumonic plague arise from cases of bubonic plague complicated by secondary 
pneumonia. 


Bacteriology and Diagnosis of Plague in Man and Animals 


Diagnosis of Natural Rat Plague. 

During an epizootic the diagnosis of plague in rats can be made almost as 
well macroscopically as by microscopical examination. The signs and their 
frequency in R. rnttus and R. norvegicus combined were as follows (Report 1907) : 


(1) 

(2) 

(3) 

( 4 ) 


(5) 

( 6 ) 

(7) 

( 8 ) 
(9) 

( 10 ) 


Per cent 

Subcutaneous congestion, particularly in submaxillary region . 305 
Subcutaneous hemorrhages, particularly in submaxillary region or 


flank 405 

Cervical oedema 100 

Single bubo 7305 

(а) Cervical bubo . 75 per cent, of cases of single bubo 

(б) Axillary bubo . 15*1 „ „ 

(c) Groin bubo . . 6*1 „ „ „ „ „ 

(d) Sublumbar bubo . 3*8 „ » „ » „ 


Multiple buboes .... 

Granular liver .... 

Pleural effusion .... 

Hemorrhages in lungs and pleura? . 
Hemorrhages in kidneys and suprarenals 
Granular spleen 


Per cent. 

. 1167 

. 55-5 
. 64-5 
. 24-0 
. 65 
45 


Without doubt the presence of a bubo is the most useful single indication 
of plague. In the early stage the gland is enlarged, congested, and shows hamor 
rhagic points on section. When fully developed, it contains an area of 
necrosis confined to the medulla, or occupying the whole gland. The bubo is ay 
and can be moved about under the skin with ease. Microscopically, plague baci 1 
are found in about 99 per cent, of buboes ; in over half the buboes involution for®* 
are present. The bacilli are best demonstrated by staining with carbol-thionu 5 » 
with this dye they are faintly coloured except at the poles, which stain aee$ T' 
The liver frequently shows a patchy distribution of alternate red and J' c y 
areas — -best described as mottling. In many instances there are small, 
whitish areas of necrosis, giving the organ a stippled appearance as if it a 
dusted with grey pepper ; as a rule they do not project above the surface, 
spleen is sometimes enlarged, and is firm and moulded over the stomac , 8 ° ^ 
times it contains granules or actual nodules, which may be discrete or con ^ 
Occasionally a wedge-shaped portion of the spleen is converted into a c ceS , . 
mass. Pleural effusion is a very characteristic feature ; it is clear, a un 
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lower animals either directly or indirectly. The bacilli may enter the un- 
broken skin of the guinea pig, and possibly this may occur in man through 
the dressing of infected rabbits and other animals, or the microorganisms 
may enter by means of minute abrasions on the skin of the hand. Eye 
infection occurs not infrequently; m fact, such infections were the first 
human infections with the bacillus observed Over 90 per cent of the 
human cases in this country are contracted from rabbits and it is estimated 
that about 1 per cent of wild rabbits are infected. Jelhson and Parker 20 
have reported that the cottontail rabbit, species of Sylvilagus and S flori- 
danus in particular, is by far the most important source of infection in this 
country, accounting for more than 70 per cent of all human cases in North 
America. Many wild animals are naturally infected and Burroughs et al. Si 



Fig. 99. Pasleurella tnlarensis in hepatic cells of mouse (Francis). 


have compiled a list of forty-eight naturally infected vertebrates Laboratory 
infection is not uncommon, 56 cases acquired from dissection were reported 
to 1940 Past, tttlorensts has also been found in streams and is perhaps asso- 
ciated until the epizootics occasionally observed in beavers. Present evidence 
indicates that fish cannot be infected with Pnst. tidarensis and probably play 
no part in the infection of water.** Water-borne epidemics have occurred 
in Russia and Turkey but none has been reported in this country. 

The transmission of tularemia by an insect vector is common. In addi- 
tion to the deer fly, Chrysops thscalts, Dermacentor attdersoni, D. variabihs, 
D. occidentals, Hemaphysalis leports palustrts, H. cmnabartna and Ixodes 
rictntts caltfoniicus may carry it. In all probability the wood ticks sene to 
disseminate the infection in the animal population, and it is of particular 
interest that the Infection is transmitted from the adult tick to the egg and 
both the larvae and the nymphs arc infectious. Tularemia may, then, be 
in part maintained in the insect population. 

*° Jelhson and Parker Amer. Jour. Trop. Med . 1945, 25-349. 

*' Burroughs et atj Jour. Inf. Dis , 1945, 76-1 15- 
** Morgan. Amer. Jour. Trop. Med., 1947, 27 399. 
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The diagnosis of epidemic plague in rats is comparatively simple, bat great 
difficulties are met with in the sporadic form. The lesions are often atypical 
(Eastwood and Griffith 1914), buboes may be absent, and sometimes nothin* 
characteristic may be noticeable. Williams and Kemmerer (1923), in an exannna* 
tion of rats at Galveston, Texas, found 9 plague-infected rats, none of which showed 



any macroscopic signs of plague. 
The infection was discovered by 
gross, i.e. pooled, inoculations of 
the tissues of all rata in each day’s 
catch. They advise that the rats 
should be divided into batches of 
ten, and the combined spleens or 
glands of each batch should be 
emulsified and injected into a 
guinea-pig. Even this method is 
not infallible, because at the decline 
of an epizootic or during an inter- 
epizootic period the virulence of 
the bacilli may bo so low that the 
guinea-pig either does not die or 
dies with atypical lesions ; in thi? 
case a fresh inoculation should be 
made from the guinea-pig, and 
repeated in series till the virulence 
of the organism is sufficiently 
exalted to give rise to typicalplague. 
In the search for plague infection among ground squirrels and other similar 
rodents it 1ms been found more satisfactory to collect the fleas from the animals 
and inoculate them in pooled batches into guinea-pigs (Eskey and Haas 1910). 

When a hitherto uninfected locality is invaded by plague, the rats may suc- 
cumb rapidly to a septicemic form of the disease in which buboes are insignificant 
or absent (Philip and Hirst 1917). Such rats may appear almost normal to the 
naked eye, though the bacilli are seen microscopically in large numbers in the 
blood and viscera. 

Towards the end of an epizootic, lesions of chronic or resolving plague may be 
found. The chief of these are : (1) chronic buboes ; (2) necrotic areas in the 
spleen ; (3) chronic abscesses in spleen, and more rarely in liver ; (4) perisplenitis , 
(5) scars m spleen ; (6) bisected or trisected spleen ; (7) adhesions of spleen o 
surrounding structures. In these lesions bacilli may or may not be found ( oi 
a full discussion on the diagnosis of plague in rats the reader is referred to t e 
monographs by Costa 1917 and Polhtzer 1954 ) 


Fjo. 202. — Pastevrella peslh. 

Film from inguinal bubo of infected guinea-pig, 
showing the bipolar-stained ovoid bacilli (x 1000). 


Diagnosis of Plague in Man. . 

During Life. — A small vesicle is sometimes present on the leg in the 
stages of the disease corresponding to the flea-bite. Microscopical examine to 
of the fluid will show the presence of plague bacilli. The bubo, which is 6 en _ e ™ 
in the inguinal region, should be aspirated, and the fluid examined microscopic 
by culture, and by animal inoculation (Fig. 292). 

Plague bacilli are frequently present in the patient’s blood, where e ) 
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Tularemia has been found in all parts of the United States, in Japan and 
in Central Europe, 23 and extensive epidemics have occurred in Russia. 

Bacteriological Diagnosis of Tularemia. As indicated above, Past, 
tularensis is difficult to cultivate from infected material. Specimens should 
be streaked on blood-dextrosc-cystine agar. Characteristic minute, drop- 
like colonies may appear in three to five days but a culture should not be 
recorded as negative in less than three weeks. The procedure of choice is 
the intraperitoneal inoculation of a guinea pig with a saline emulsion of 
the specimen; relatively large amounts are required, usually 4 to 8 ml., of a 
fairly heavy emulsion. The animal should die in five to ten days. The 
pathology is characteristic and includes a hemorrhagic edema without pus 
at the site of inoculation, enlargement of the cervical, axillary and inguinal 
lymphatics which contain dry caseous material, and small white necrotic 
areas in the liver and spleen. Smears and cultures may be made but not 
infrequently the bacilli cannot be found or cultivated. In such instances 
the diagnosis depends on the guinea pig pathology. 

Isolated cultures may be identified by specific agglutination. Conversely, 
patient’s serum may be tested for agglutinins; a titer of 1 : 80 or higher is 
usually regarded as diagnostic if there are no Brucella agglutinins. In the 
event that Brucella is also agglutinated, the agglutination of Past, tularensis 
occurs more rapidly and to higher titer in tularemia. 

Immunity. An attack of tularemia confers a solid immunity, and second 
infections, when they occur, produce only a local lesion. It may be noted 
that antibodies (agglutinins) to Past, tularensis show some cross-reaction 
with Brucella inclitensis and Brucella abortus, and for this reason, together 
with the complex nutritive requirements of these bacilli, some workers ha\e 
placed them with the Brucella group and termed them Br. tularensis. 

Prophylactic inoculation with vaccines is not successful in experiments 
animals in that it does not protect against the injection of virulent strains 
There is some evidence, however, that vaccine prophylaxis in man °on c 
a useful degree of protection. 24 The value of therapeutic antisera is ou > 
its use has been advocated by some 20 but others -0 regard it as aving 


significant effect. 

23 Perm. Com. Office Int. Hyg. Pub., Session, May, 1937. Cf. Bull. Hjg ,1^3 * 

24 Foshay, Hesselbrock, Wittenberg and Rodenberg: Amer. Jour, u 


32 1131 


23 Fosbay. Medicine, 1940, 19 : 1 . 

20 Francis and Felton Pub. Health Repts., 1942, 57:44- 
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importance of genetic immunity. For example, in Bombay city, over 2,000 rats 
were caught each night and examined at the Haffkine Institute. During two 
years not a single plague-infected rat was found (Sokhey and Chitre 1937). Again, 
in the region of Paris, where plague was introduced by infected rats in 1917, the 
resulting epizootic gradually declined after about 1920, so that by 1936 not a 
single rat out of 3,525 examined was found to be infected (Joltrain 1936). In 
view of these findings it is difficult to ascribe the increasing immunity of the rats 
to the persistence of a benign epizootic. It seems more probable that a strain 
of rats is evolved having a greater degree of natural resistance to plague infection 
than that of the original susceptible animals. 

Prophylaxis, Vaccination, and Serotherapy 

Prophylaxis. — -The aim of prophylaxis is to weaken or break the rat-flea-man 
chain by striking at one of its links. The rat constitutes the first link. Complete 
destruction of all rats and mice is, however, quite impracticable. The animals 
breed at such a rate as to render futile all attempts at general or permanent exter- 
mination. According to the English Plague Commission the progeny of a single 
pair might number 858 in 16 months (Report 1911). On the other hand, a great 
deal can be done in localized areas by making use of modern chemical rat poisons 
such as alphanaphthylurea, sodium fluoroacctate, and Warfarin (3-a-actenolybenzyl- 
4-hydroxycoumarm), either alone or as supplementary to zinc phosphide, arscnious 
oxide, and red squill (Report 1946, Macchiavello 1946, Barnett 1948, Hayes and 
Gaines 1950.) Rats are comparatively harmless so loDg as they do not come into 
intimate contact with human beings. The most hopeful policy is to render all 
houses, granaries, shops, and such places unsuitable as rat habitations. That this 
can be done successfully has been demonstrated in Java, where between 1914 and 
1939 over 1,500,000 houses were remodelled (van Loghem 1939). 

The second hnk m the chain — the flea — os best dealt with by strict personal 
hygiene and domestic cleanliness aided, when necessary, by the powerful insecticide 
D.D T. In the absence of dirt and litter the fleas have nowhere to breed and, 
even when they have, the judicious application of D.D.T. (diclilorodiphenyltri- 
chloroethane) may rapidly lower the flea infestation of rats by 80 or 90 per cent. 
Macchiavello (1946), who used D.D T in conjunction with sodium fluoroacelate in 
combating a localized outbreak of plague in Peru, found that 10 per cent. D.D.T. 
was toxic to the rats, which regularly licked their fur, and that sodium fluoroacetate 
was toxic to the rat fleas, which died by secondary poisoning from ingesting the 
blood of the poisoned rats The possibility that other insects — bugs, flies, ticks 
— may share in spreading the disease has been carefully considered (Nuttall 1897, 
1898, Report 1915c) There seems little doubt that lice and ticks play a part m 
the transmission of sylvatic plague (Hampton 1940), but their role m the sprea 
of plague among rats would appear to be negligible. 

Man forms the third link. Four measures are usually advocated : (1) No i 
cation of cases or, in countries where this is difficult, registration of deaths.^ ® 
diagnosis can be confirmed post mortem by splenic puncture. (2) Isoation o 
cases, which, except in pneumonic plague, is of little value, since man p ays “ 
a small part in the spread of the disease. (3) Evacuation, which is soun ^ in ,c ® r ^ ' 
since it removes the susceptible population from the infected loco ities, » 
very difficult in practice — at any rate on a large scale. (4) ^ accination, ic c 

-e il M ^ ^ pnurad population while effectne 
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THE HEMOPHILIC BACTERIA 


The genus Hemophilus as at present constituted is a heterogeneous one. 
The true hemophilic or hcmoglobmophilic bacteria arc those whose growth 
necessitates or is especially favored by the presence of hemoglobin in the 
culture medium. The inclusion of bacteria other than these nutritionally 
distinctive types in the genus Hemophilus is questioned by many. Bacteria 
such as the bacillus of whooping cough and -the Morax-Axcnfcld and 
Ducrey bacilli arc, then, to be associated with the truly hemophilic forms 
such as Pfeiffers bacillus in only a tentative way pending a more satisfactory 
grouping. 


THi: HEMOPHILIC GROUP 


Species 

| Growth Requirements 

Hcmolj'is 

X Factor , 

V Factor 

II influenzae 

+ 

+ 

- 

II Jtrmolylteus 

+ 

+ 

+ 

II farawfluenzae 

- 

+ ; 

* 

It suts (influenzae suis) 

+ 

+ ; 

- 

II cants (hemoflobinophilus) 

+ 

- 

- 

II f>er(uitis 

_ 

- 


II duplex (Moras AsenfrM) 

- 

- 

- 

II Jiiereyt 

- 

- 

+ 


HEMOPHILUS IN FI. I LN/.AE (PITH FLIPS IUCILLUS) 

I feiMophilli* iwfhirKinr was isolated by Pfeiffer in 1S92, and was until 
rvlitivily recently regarded by many as the ctiologic agent of epidemic 
innucii7.i. Influenza has, however, been shown to 1* caused In a filterable 
virus (p. 865), and the name influenzae has no etiological significance 

Morphology and Staining. Pfeiffers Incillus is one of the smallest 
knmvn pathogenic Kvetcria, rarely exceeding 1.5 in length and 0.3 /> in 
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a plague rat at- Tjiwidej. A single dose of this vaccine was found to protect 
80 per cent, of rats and over 00 per cent, of guinea-pigs against inoculation with 
a doso of virulent plague bacilli that killed 99-100 per cent, of the control animals. 
For human beings the vaccino is prepared by washing off with saline a 2-3 day 

TABLE 142 

Haffkine’s Vaccine. Incidence and Fatality of Plaque in Inoculated and 
Uninoculated Persons in 14 Outrreaks. (Modified from Taylor 1933.) 


Average Population at ItfsV. 

Inoculated. 

| Uninoculated. 

Inoculated. j 

Uninoculated. 

Attacks. 

Deaths 

Attacks. 

Deaths 

123,134 | 

1 08,038 

803 

385 

4,014 

3,194 

Attack rate per 10,000 . . 

Death -rate per 10,000. . . 

I Case fatality 

05 

31 

48 per cent. 

238 

189 

80 per cent. 


agar culture grown at 30° C. It can be kept for a month in the ice-chest without 
loss of potency. At first it was used in two sub-districts of Java, when alternate 
persons only were inoculated. The results of this controlled trial, in which observa- 
tions were made over a period of 5 months after vaccination, are summarized 
in Table 143. 


TABLE 143 


Otten's Vaccine. Mortality from Plaque in Inoculated and Uninocclated 
Persons (Ottcn 1930). 


Sub-dJsIrJct In J«>a 

Number. 

Inoculated 


Uninoculated. 

Deaths. 

aiorUKty 
per 1,000 

Number. 

Deaths. 

Mortality 
per 1 , 000 . 

Bandjaran ■ 

18,479 

28 

I-fi 

20,009 

103 

4-9 

Batocdjajnr . 

18,950 

10 

0-5 

24.08S 

no 

46 

Total 

37,435 

38 

101 

44,757 

2,3 

4-75 


There were larger numbers of young children in the control than in the vaccinate 
group ; since thcro is evidence that susceptibility to plague is less in the is 
six years or so of life than later, the odds were probably weighted somewhat agams 
the vaccinated subjects. Even so the mortality per 1,000 was 4 to 5 times ig er 
in the control group. , • 

Later figures given by Otten (1941) show the fall in the number of 
the residency of Priangan. Vaccination of 94 per cent, of the popu ation o 
million was carried out in 1935, and continued, including re- vaccination, ur 
1936-39 (Table 144). ... ... ,_ ow 

The results are necessarily difficult to interpret, since it is impose e 
what fall m mortality would have occurred in the absence of vaccina 10 
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thickness. The ends of the cell are rounded, capsules are not generally 
observed but are present in smooth cultures, spores arc not formed, and 
the bacillus is non-motilc. There is a marked tendency to produce threads 
and other anomalous forms in culture which is, to some degree, a charac- 
teristic of strains. Some workers have attempted to differentiate varieties 
on the basis of morphology, but there is a continuous series of types, rang- 
ing from predominantly coccobacillary forms to predominantly longer 
bacilli and threads, and no sharp distinction can be made. There is a tend- 
ency, however, to regard the coccobacillary forms as “typical' 1 and the longer 
forms as “atypical”; the typical form appears to predominate in strains 
isolated from pathological processes. 



Fig. 100. Hemophilus influenzae, pure 
bacillary form and the presence 


culture. Note the variability from coccoid to 
of longer filaments. Fuchsin, X 1050. 


On blood agar the colonics of Pfeiffer's bacillus are very sma » mu > 
discrete and transparent and may reach the size of a sma pm ea , 
culture is contaminated with other microorganisms, especia y ^ 
hcoccus aureus, the colonics are considerably larger, ruorc s opaque, 
a grayish white color, and develop most luxuriantly m t e nel ® » 
of the foreign colony, a phenomenon termed the satellite p cn0 *” , * a 
These bacilli are somewhat more difficult to stain t an mo ^ 

Lofflcr’s methylene blue for five minutes or dilute (1 ; 10) car 0 
ten minutes is satisfactory. They are gram-negative. bacillus re- 

Physiology. One of the more fastidious bacteria, e ‘ et _jj unl . It 

quires, as noted above, the presence of blood in the cu r neces- 
has been found that two substances present in such boo me ^ £ actor ,” 
sary to the growth of this bacterium; one, designate as ^ £ actof " 
is heat-stable and associated with hemoglobin, and the °* er ' as v vell 
is heat-labile and is found in yeast and various vegeta e . t0 the 
as m whole blood. The satellite phenomenon noted a °\ ^ medium 

formation of the V factor by other bacteria and its diffusion hematm* 

from the colony. The X factor is replaceable by hemog 
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curative properties in rats. A report on the use of Yersin’s, Haffkine’s, Lustig’s, 
Terni’s, and Brazil’s sera was published by the Government of India (Haffkine 
1905) ; none of them affected the fatality of the disease. The English PIa«ue 
Commission likewise obtained no evidence that serum treatment was beneficial 
(Report 1912, p. 326). More recently, both Girard (1936) and Pirie and Grasset 
(1938) found that serum prepared by the inoculation of horses with living avirulent 
organisms was considerably more potent, as judged by animal tests, than that 
prepared from dead organisms. In human beings Girard (1941) states that 65 
per cent, of patients suffering from bubonic plague recover under serum treat- 
ment. Of 70 patients treated with serum by Wagle, Sokhey, Dikshit and Ganapathy 
(1941), 71*5 per cent, recovered as against only 47-6 per cent, of 82 control patients 
receiving the routine iodine treatment. The serum was given in doses of 20 ml. 
intravenously and 20 ml. subcutaneously every day for 2-5 days. Alarming 
reactions may follow intravenous administration, and it might be better to give 
more frequent injections intramuscularly. 

Chemotherapy. — Schutze (1939&), working with white rats and white mice, 
found that sulphapyridine had a protective effect similar to that of serum. In 
the series of patients just referred to, Wagle and his colleagues (1941) treated 
53 patients with sulphapyridine and 32 patients with sulphathiazole*in 0-5 gm 
doses every 4 hours up to a maximum of 7 days ; the recovery rates were 75*5 
and 84*4 per cent, respectively. The results might have been better if a larger 
dosage had been tried. Neither serum nor sulphonamide is said to be of use in 
pneumonic plague (Girard 1941, Wagle el ah 1941), but Yieh and his colleagues 
(1948) report the recovery of 3 out of 5 cases treated with sulphadiazine According 
to Wayson and McMahon (1944), sulphadiazine is of undoubted therapeutic value 
in experimentally infected rabbits and guinea-pigs. This compound is now generally 
considered to be the most active of the sulphonamides. Of the antibiotics, strepto- 
mycin is the drug of choice. Herbert (1947) found it to be effective in both 
experimental bubonic and pneumonic plague in mice and guinea-pigs and to be 
considerably more active than sulphathiazolc. Meyer (1950) advises that, in the 
treatment of plague, it should be given either alone, or in severe cases combined 
with chloramphenicol and antiserum, for four days and then replaced by sulpha- 
diazmc if progress is satisfactory. Contacts of pneumonic plague should receive 
2-3 gm. of sulphadiazine daily for five days. 


PASTEURELLOSIS OR HEMORRHAGIC SEPTICEMIA OF ANIMALS 

The observations of Bollinger and of Kitt in 1878 on an epidemic, disease 
affecting wild hogs, deer, and later cattle in the neighbourhood of Munic con 
stitute the first work of importance on a group of diseases attacking several species 
of animals, and known collectively as Haemorrhagic Septicaemia. Kitt was sue 
cessful in isolating the causative organism and in transmitting the disease to nuc 
and pigeons. A similar organism was obtained by Pasteur in 1880 rom 0 
cholera, by Loeffler in 1882 from swine plague, by Poels (1886) from sep ic p cu 
pneumonia of calves, and by numerous workers during the next few . 

diseases in other animals. In 1901 Lignieres proposed to unite all t ese a ® 
into one group under the name of Pasteurellosis, and to call the infecting org 
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Granick and Gilder 1 have shown that the non protoporphyrin can be replaced 
with certain other iron porphyrins, but not by porphyrins such as meso-, 
hemato-, deutcro- and coproporphynns which, however, suppress growth by 
a competitive inhibition, and such activity is eliminated by methylation of 
the propionic acid side chains. It seems that these or related compounds are 
required for respiration— some strains do not require it for anaerobic growth. 
It has been suggested that hematin is required for the synthesis of catalase, 
hematin can be replaced by cysteine which would reduce peroxide and make 
catalase unnecessary. The V factor may be replaced by coenzyme I or 
coenzyme II but not by nicotinic acid or its amide Apparently the whole 
coenzyme molecule must be supplied and it is assumed that the thermolabile 
substance is of this nature (see p. 118). 

A number of media have been devised for the cultivation of the influenza 
bacillus. Avery’s oleate hemoglobin agar, prepared by the addition of sodium 
oleate and a suspension or erythrocytes to an infusion agar base, is one of 
the best of these, for not only is the growth of H. influenzae enhanced but 
the growth of streptococci and pneumococci and some other bacteria present 
in the sputum and nasal mucus is inhibited. The inRuenza bacillus grows 
luxuriantly on chocolate agar, prepared by the addition of fresh blood to hot 
(90° C.) infusion agar, and heavy growths for agglutination and other 
purposes may be obtained, but this medium does not differentiate and hence 
is not especially suitable for primary isolation Fildes’ agar, an infusion agar 
base to which has been added a peptic digest of blood, supports good growth 
of the influenza bacillus and is used especially by British workers. 

No growth occurs on gelatin or potato Milk, containing blood,. is ren- 
dered slightly alkaline by some strains. Nitrate is reduced to nitrite. Some 
strains — about 50 per cent — form indol. Fermentation reactions are vari- 
able, some strains being inactive while others ferment dextrose and other 
carbohydrates. Some strains are hemolytic while others are not. The hemo- 
lytic strains of if. influenzae do not appear to be clearly marked from the 
non-hcmolytic strains by any other differential characters, since indol produc- 
tion and carbohydrate fermentation occur in both groups 

The influenza bacillus shows little resistance toward external conditions. 
Desiccation is quickly fatal. A pure culture suspended m water and then 
dried on silk threads loses its vitality within twenty-four hours, in dned 
sputum life is maintained somewhat longer, but not, as a rule, beyond 
forty-eight hours. The bacilli are readily killed by disinfectants. Even under 
favorable conditions artificial cultures soon die out, and in order to preserve 
vitality subcultures must be made every four or five days, chocolate agar is 
suitable for maintaining stock cultures. 

Varieties. Subdivisions of H. influenzae have been made by a number 
of workers, but whether such varieties deserve the dignity of species stand- 
ing accorded some of them by the Bergey (1948) classification is open to 
senous question. The morphologically “typical" and "atypical” forms have 
been noted above, but these arc not regarded as separate species. Other 
distinctions which have been made on the basis of hemolysis and nutritive 
requirements may be summarized briefly: 

1 Granict and Gilder Jour. Gen Plnsinl , 1946. 30 !. 
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(1921, 1922a, b, 1923), working with rabbits suffering from snuffles— a chronic 
form of the disease— observed the organism in the nose of a large proportion of 
normal animals. Webster {1924a, 6) found that preceding an outbreak there was 
a rise in the normal carrier rate. The susceptibility of rabbits varied greatly, 
some being highly resistant, others succumbing with ease. Similar variation hi 
the susceptibility of fowls to natural and experimental infection was likewise 
noted by Rice (1926). These observations suggest that natural infection occurs 
through the nose, and that it is dependent on the presence of carriers. 

Pasteurella Injections in Man— Though several of the early authors described 
diseases in man that they considered to be due to Pasteurella infection, few of the 
accounts carry conviction. Reviewing the literature, Regamey (1939) (see also 
Lcvy-Bruhl 1938) traced ten cases that were probably, and six cases which he 
thinks were certainly, due to this organism. Of the six genuine cases, three were 
characterized by pleurisy, two by meningitis, and one by a local lesion following 
tlie scratch of a cat. Of more recent years several genuine cases have been recog- 
nized, some of them recorded (Foerster 1938, Mulder 1938, Boisvert and Fousck 
1941, Ludlam 1044), and some of them not. Allott and his colleagues (1944) 
reported six cases, three following cat bites and three following dog bites. Three 
of the cases were complicated by osteomyelitis Localized disease is commonly 
followed by recovery, but generalized cases have usually proved fatal. Infection 
may occur without accompanying illness ; in our own experience, for example, 
an animal house attendant who carried Pasteurella seplica in his nose for several 
months remained quite well. 

Protection, Vaccination, Serotherapy, and Chemotherapy. 

It waB when working with chicken cholera that Pasteur observed a spontaneous 
diminution of virulence in a culture which he had left for some weeks at room 
temperature in contact with the air. This culture, on inoculation into fowls, 
proved harmless. When these fowls were re-inoculated shortly afterwards with a 
virulent culture, instead of dying of haemorrhagic septicaemia they recovered rapidly 
after a brief indisposition. 

Vaccines for the prophylaxis of pasteurellosis are made chiefly from strains 
attenuated by heat or chemical agents. In some instances their use appears to 
have yielded satisfactory results (Brimhall and Wilson 1900, Chambcrland an 
Jouan 1906, Hutyra and IVIarek 1912, Magnusson 1914). The work of Priest e) 
(1936) seems to show the importance of using a vaccine prepared from viru en 
capsulated bacilli. To avoid destroying the antigenic properties of the capsu c e 
organisms should be killed by heating at 56° €. for not more than 30 minu cs. 
In view of the existence of four serological types, Roberts (1947) advises a 
vaccines should be polyvalent. Immune sera prepared by injection of horses wi ^ 
living organisms or with body exudates are sometimes employed therapeutic* } 
(Schirop 1908). The most promising method appears to be combined actne an 
passive immunization. .,1 

According to Cardoso, Reis and Nobuga (1939), sulphanilamide has a pro 
tective effect in chickens experimentally inoculated with Pasteurella , 

Other Diseases Associated with Pasteurella or Pasteurella-like Organisms. 

Pasteurella is a common secondary invader in many diseases of y 

has been found especially in swine fever, in which it gives rise to severe p 
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CO The hemolytic and non-hemolytic varieties. The non-hemolytic form 
is designated H. influenzae by Bcrgey and the hemolytic form H. hemol) tints. 
Both require the X and V nutritive factors. These are generally regarded as a 
single species, H. 

(2) The swine influenza bacillus, H. influenzae suis or H. suis, which 
closely resembles PCcifFcr 1 s bacillus except that it is relatively inert biochem- 
ically and differs immunologically. This bacterium, in association with a 
filterable virus, is causally associated with swine influenza. Both X and V 
factors arc required for growth. 

(3) The para-influenza bacilli, H. parainfluenzac, which closely resemble 
H. influenzae except that only the V factor is required for growth and these 
bacteria may be cultivated on agar containing serum or ascitic fluid. Although 
these bacilli are defined as non-hemolytic, hemolytic strains showing the same 
nutritive requirements are found. 

(4) 11, catiis (H. hcmoglobinophihts, H. hcmoglobiuophihts cams), found 
in the preputial secretions of dogs. It closely resembles H. influenzae except 
that it requires only the X factor For growth. 

Variation and Antigenic Structure. As tested by direct agglutination, 
H. influenzae is ahtigcnically heterogeneous. Pittman, 2 however, has de- 
scribed rough and smooth forms in which the smooth form is encapsulated 
By means of the agglutination test the encapsulated bacilli are found to fall 
into five immunological types, designated A, B, C, D, E and F, and the anti- 
gens responsible ate specific polysaccharides. 3 Diagnostic and therapeutic 
antisera may be prepared for each of these types. 4 It appears that many strains 
isolated are in the rough form, and these, by the agglutination test, are im- 
munologically heterogeneous. Antigenic proteins may be extracted from J e 
cell substance of influenza bacilli. 3 One of these, fraction M, was found to 
be common to most strains of 11. influenzae, indicating an immuno ogica 
homogeneity demonstrable by precipitin tests with appropriately prepare anti 
gens It will be clear that the antigenic structure of H. influenzae is > 
means fully understood as yet. The influenza bacilli appears to be rnirmin 
logically related to certain of the pneumococcus types, Type A s °" s CT 
reactions with pneumococcus Type 6b and Type B cross reacts wit Pf 1 ^, 
coccus Type 6 and Type 29. The immunological relationship 0 
Hemophilus species to the influenza bacillus and to one another is 

The S-R dissociation noted by Pittman is to some degree reversible V 
in the presence of anti-R immune serum. The relation of uru en 


dissociative change is not known. . , n . llTKtance of the 

Toxins. As m the case of many other bacteria, the cell ^ U pon 

influenza bacillus is toxic to experimental animals, mice in cu | tur es, are 
parenteral inoculation Toxic substances are produced in _ u ‘ . j^,^' 

filterable, and may appear in appreciable quantities after s,x 0 


2 Pittman Jour. Exp. Med., 1931, 53*471. , 

s For the preparation of these see MacPherson, Heiaelberger an 


Alexander! f°° r ’ 


munol., 1946, 52:207. i iq 46 54:207. 

* See Alexander, Leidy and MacPherson: Jour. Immunol,, 1 > 

a Platt: Australian Jour. Exp. Biol. Med., 1939, 17:19, 


Im 
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According to Cook (1952) they can be demonstrated most readily by making use of 
their slightly acid-fast property. Smears are stained with a 1/10 dilution of I per cent, 
carbol -fuchsia for 30 seconds, ■washed, and counterstained for 10-15 seconds with Loeffler’s 
methylene blue. The cytoplasm of cells and cellular debris are stained blue or purplish 
blue ; the cell nuclei and the pscudotubcrcle bacilli are stained red. 

Pseudotuberculosis of Mice.— This disease is due to a short Gram-positive 
diphtheroid bacillus, C. murium, described independently by Kutscher (1891) and 
Bongert (1901) (see Chapter 17). 

Pseudotuberculosis of Sheep. — This disease has been reported in Europe, 
America, and Australia. It is caused by a Bhort, non-motile, Gram-positive 
diphtheroid organism, known as the Freisz-Nocard bacillus or C. ovis (Preisz 1894). 
The same organism appears to be responsible for ulcerative lymphangitis of horses 
and perhaps for contagious acne of horses (Ilutyra and Mnrek 1912) (see Chapter 17). 

Pseudotuberculosis of Pigs. — Both Chausse ( 1 9 1 G) and Velu (1922) describe a 
disease of pigs under the name of pscudotuberculosis. The peri-pharyngeal lymph 
nodes appear to be chiefly affected, and the caseous lesions produced resemble 
those of true tuberculosis very closely. Visceral lesions may or may not be present. 
The cause of the disease is unknown. 

Pseudotuberculosis of Man. — Topping, Watts and Lillie (1938) recorded what 
they considered to be the fifth authentic case in medical literature Hussig, Karrer 
and Pusterla (1919) reviewed 17 cases and described 2 of their own. The usual 
clinical picture is that of a typhoid -like disease with swelling of the liver and spleen 
and an almost uniformly fatal outcome. Jaundice increasing in intensity towards 
the end is not uncommon. Death occurs in 2 to 3 weeks. At post-mortem the 
liver is studded with nodular necrotic foci or abscesses, 1-20 mm. in diameter, and 
the spleen shows a diffuse lymphoid hyperplasia. Past, pieudolubtwulow can he 
cultivated from the liver nodules after death and sometimes from the blood during 
life. The disease appears to affect mainly adult males. 
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incubation. Relatively large quantities of the filtrate (2 to 4 ml.), however, 
are necessary to produce death in rabbits, and it is probable that a true exotoxin 
is not formed. 

Pathogenicity for Man. The pathogenicity of Pfeiffer’s bacillus for man 
is shown by the occurrence of cases of meningitis, mostly in infants and of a 
high fatality, in which H. influenzae is found in pure culture in the cerebro- 
spinal fluid. These cases of "influenzal meningitis," while not very numerous, 
show that certain strains of this microorganism possess a definite invasive 
power. H. influenzae meningitis is the fourth commonest form of purulent 
meningitis, it occurs most often in the second six months of life and the 
case fatality rate is between 90 and 100 per cent. Occasional cases of otitis 
media, appendicitis, sinusitis and other localized infections may be caused by 
this bacterium. 

In infections of the respiratory tract the influenza bacillus is frequent!) 
present, and it is found on autopsy in pneumonic lesions under conditions 
where its destructive action upon the tissues can hardly be doubted. Whether 
it is present as a primary or secondary invader m these cases is more uncertain 
Its common occurrence in diseases like measles, whooping cough and tuber- 
culosis indicates that its growth on human tissue is favored by the presence of 
other infecting agents It seems probable that in respiratory infections H. in- 
flttenzae commonly follows in the wake of some other microorganism. 

It may be noted that the relation of this bacillus to influenza is very likely 
that of a secondary invader to the initial virus infection. It is frequently but 
not inv ariably present in cases of influenza and, of course, occurs in the absence 
of this disease. In the case of swine influenza, however, the influenza bacillus 
is, in association with a filterable virus, causally related to the disease (p. 869). 

Pathogenicity for Lower Animals. Except in swine influenza, the 
influenza bacillus is probably not a natural pathogen of lower animals. Upon 
intrapcritonca! inoculation into laboratory animals, mice, guinea pigs and 
rabbits, large doses of these bacteria produce death within one or two da>s. 
Whether this is an actual invasion rather than a toxemia is uncertain; the 
bacilli may be found in the peritoneal exudate but usually not in the heart’s 
blood, and petechial hemorrhages may be observed scattered over the peri- 
toneum and, sometimes, the pleura. Certain strains produce a fatal infection 
in mice on intracerebral inoculation. As tested by intrapcritoneal inoculation, 
the virulence of II. influenzae varies greatly from strain to strain; the virulent 
strains arc in a minority and strains from influenzal meningitis arc generally 
among the more virulent. 

By inoculation of the mucous membrane of the upper respiratory tract of 
normal monkevs Blake and Cecil 0 succeeded in producing an acute upper 
respirator) disease resembling influenza with pathologic changes similar to 
spontaneous, uncomplicated 11. influence pneumonia in man Inoculation 
experiments upon man with pure cultures of these bacilli, however, have given 
a surprisingly large number of negative results. 7 

Other hemophilic bacteria have been described in connection with diseases 

• Male ami Cecil. Jour. Txp MeJ, 1920, 32 691, “19. 

r C/. Rosen au. Jour. Amcr. Med. Awn, 1919,73 311. McCo% and Richey. Pub. Health 
Reptt., 1919, 3-1 33. 
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of lower animals. H. cams, for example, has been found in association with 
inflammation of the prepuce in dogs but is apparently harmless Other hemo 
philic bacilli such as H. hovis, H. gallittarum, H. imtris, H. oris have been 
isolated from lower animals. Their relationship to H. influenzae and other 
better known species is not clear. 

THE KOCII-WEEKS BACILLUS 

A small bacillus, first observed by Koch in 1883 in a series of eye inflam- 
mations in Egypt, was successfully cultivated by Weeks in New York in 
1887, and is now recognized as the cause of a world-wide and highly con 
tagious form of conjunctivitis sometimes known as pink-eye. 

It has been stated that the Koch-Weeks bacillus will grow on serum agar, 
or a mixture of glycerol agar and ascitic fluid or, at times, even on nutrient 



Fig 101. Koch-Weeks bacillus in conjunctivitis, X 900 (Axenfeld, Kolle and \\ass« 
mann). 

agar. Others have found, however, that both the X and V factors 
by H. influenzae are required by the Koch-Weeks bacillus It is, in fact, ig ) 
probable that this bacillus is identical with H. influenzae. 

The bacilli possess slight powers of resistance, and it is unlikely t at 
is a means of conveying the infection. Direct contact with infertile ma er 
through the medium of hands, towels, handkerchiefs, etc., is the usua ro 
of transmission. A peculiar form of hand infection due to an organism pro 
identical with the Koch-Weeks bacillus has been described. 

HEMOPHILUS PERTUSSIS 

Bacilli resembling H. influenzae were reported by early ®bsen ers as^ 
curnng in a large proportion of cases of whooping cough. A t 0U S cn ^ 
are minor differences in the descriptions of these orgnm'sm^as e ® sent - 3 jjj 
different observers, the cultural and morphological characters arc ^ rauS , 
similar, and there seems little doubt that Spengler, Joch mann weff 

Wollstein, and Davis discovered the same bacillus. More “ e J\ nl . te J 3te from 
obtained by Bordet and Gengou* who found in the bronchia gr- 

eases of whooping cough a characteristic short oval baci us 

8 Bordet and Gengou Ann. Inst. Pasteur, 1906, 20 731. 
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have been successful in this end (see Shiblcy et al 1929, Dochez el al. 1930, 1931a b 
1932, 1933, 1930, Long el al. 1931, Amlrewcs 1919, 1950) ; and there is now no 
reason to doubt the essential correctness of the conclusion advanced by Foster 
(1917) that the common cold is a virus disease. 

Little is known about the virus itself. This is mainly because cultivation hasso far 
proved unsatisfactory and localise, apart from the chimpanzee (Dochez et al 1930), 
man is the only susceptible subject on which pathogenicity experiments can he made 
Several apparently successful attempts to grow the virus m tissue culture (Dochez 
el al. 1931a, l, 1930, l’owell and Clowes 1931) or in the developing chick embryo (Topping 
and Atlas 1947, Pollard and Caplovitz 1948, Ward and I’roetor 1950) arc on record, hut 
the fact that these cannot be uniformly confirmed by competent workers shows that the 
correct conditions for cultivation are ns yet not perfectly understood (see Andrew *>8 1950) 
Hopeful results, however, were obtained by Andrew cs and his colleagues (1953), who 
grew' the virus in tissue cultures of embryonic human lung They propagated it through 
10 serial cultures and succeeded in producing colds in a certain proportion of human 
volunteers with the last passage strain. 

Tho size of the vims is in doubt ; it may be 40-50 m/e in diameter or it may perhaps 
be even smaller — 20 m/t or less. In nasal filtrates it survives at least 2 years at — 76° C., 
a month at — 10° C., and 3 days at 4°C. (Andrew cs 1949). 

There is reason to believe that different strains of virus differ in virulence and 
spreading power (Andrewes cl al. 1951) ; but as all investigations have to be made 
on human volunteers, 40 per cent, of whom in England and Wales are temporarily 
immune to colds, exact information is difficult to obtain 

Though bacteria may play a part m determining complications of the common 
cold, there is little reason to believe that they are responsible for the primary 
illness Observations have failed to reveal any consistent change in the bacterial 
flora of the nasopharynx accompanying the onset of an acute cold 

In an investigation undertaken in Manchester during the period 1926-28 (see Report 
1930) a nasopharyngeal swab w-as taken each month from 100 persons who volunteered 
to assist in tho inquiry. Additional swabbings were taken from these persons whenever 
they contracted a cold. Information was thus available for a considerable number o 


TABLE 146 



With Cold* (110 Swabs). 

Without Colds (1,731 Swabs). 

Number + . 

Per cent.+ 

Number +. 

per cent. +. 

H. in flu enzee .... 
Hsemolytic streptococci . 
Pneumococci .... 

62 

19 

30 

47-27 

17-27 

27-27 

984 

229 

446 



66-85 

13 23 

2577 


swabbings, taken from the same persons at times when they were suffering ro ^ 
and at other times when they were not. The figures referring to t e ^ ijj, e y 

influenza:, hasmolytic streptococci and the pneumococcus, are set out in a e an( j 

refer only to those persons who contracted a cold during the perio o o serva ’ gCJ j 
they do not include the results obtained in cases which, on clinical groun s, were 


i influenza. f nt in those that 

Pneumococci and kemolytic streptococci were slightly more ireque . t . II. 


those that had not, but tho dlltfronce was slight and It 


had colds than 

influenzae was more frequently isolated at times when no sign 
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feebly on a special medium they devised Earlier named Bacillus pertussis, 
this microorganism is now known either by that name or as Hemophilus per* 
ittssis, or, more casually, as the Bordet-Gengou bacillus 
Morphology ami Staining. The Bordet-Gengou bacillus is a small oioid 
rod from 1.0 to 1.5 n in length and 0.3 to 0 5 p in breadth The majority of 
the bacteria occur singly, although they may occasionally be seen in pairs end to 
end, chains do not occur in smears of bronchial exudate, but short chains may 
be seen in cultures in liquid media. This morphology is relatively constant and 
there is not the tendency to the formation of thread like and other aberrant 
forms which is exhibited bj the influenza bacillus H pertussis is non-motile 
and non -spore-forming, and the smooth form is encapsulated. 



Fig 102. Hemophilus pertussis, pure culture Fuchsin, X 1050. 


On the Bordet Gengou medium the colonics are smooth, raised and glisten- 
ing, with a metallic or pearl-like luster, and arc larger and more opaque than 
those of the ' " ’’ **’.•' 1 1 ’ *’ 

required for ... ... 

acquire a sli 4 , • , , ■ 

by the culture, and the growth is sticky and tenacious. On blood agar the 
colonies arc surrounded by a narrow zone of hazy hemolysis 

The bacilli stain with a little difficulty and. as in the case of the influenza 
bacillus, mcthjlcnc blue or dilute carbol fuchsin must be applied for five to 
ten minutes, carbol toluidmc blue is recommended by some workers, and 
stains the bacilli a lilac color. A tendency to bipolar staining may lx? observed. 
They arc gram negative. 

Physiology. If. pcrtiijjij is diflicult to cultisatc upon primary isolation, 
and the Bordet Gengou medium upon ivhich it grows readily consists of I per 
cent glycerol agar or glycerol broth made with macerated potato and added 
to an equal \olumc of human or rabbit blood Bv repeated passage on media 
containing less and less blond, howescr. it may be acclimatized and will, in 
time, grow’, although sparsely, upon ordinary nutrient agir It docs not, there 
fore, require the V and X factors that are essential to the dcsclopment of 
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survival from one epidemic to another, its extraordinary variability and its in- 
calculable behaviour— a series of problems that baffle the. most earnest students 
of the disease. 

The clinical syndrome that justifies a diagnosis of influenza is singularly difficult 
to define (sec Stuart-Harris el al 1938), and partly for this reason the history of the 
disease through the centuries can be traced only with great caution. The pandemic 
of 1890 was followed by intermittent epidemics, possibly of increasing severity, 
which culminated in the great pandemic of 1918-19. This was one of the worst 
plagues of human history. It was worldwide in its distribution ; it is believed to 
have killed between ten and twenty million persons ; and it destroyed more lives 
in a few months than the Great AVar did in four years (see Report 1920). Since 
then influenza has occurred at fairly -regular intervals, but never with anything like 
the same seventy. In different outbreaks the attack rate varies from 1 to 30 per 
cent., the case-fatality rate is usually low, and the deaths, which occur mainly in 
the very young and the very old, arc often attributable to a complicating pneumonia 
(see Stuart-Harris et al 1949). The fact, however, that when it strikes isolated 
communities, such as those of the Eskimos, it may have an attack rate of 100 per 
cent, and a wc-fiitnlity rate of 20 per cent. (Naglcr ct al. 1919 ; see also Isaacs 
cl al 1950), suggests that under ordinary civilized conditions the population possesses 
some degree of immunity to the infection. This is borne out by the observation 
that during an epidemic quite a considerable proportion of tho«c exposed show a 
rise in the antibody content of their blood in the absence of any clinical manifest- 
ations of disease (sec Report 1948). 

Most outbreaks in the northern hemisphere occur during the winter or early 
spring months. Those due to Type A virus tend to recur every 2 or 3 years and 
to be epidemic : those due to Type B virus recur every 3 to G years, and are usually 
milder and less widespread (sec Report 1916). Mixed outbreaks arc sometimes 
observed Since 1917 there has been a change in the type of the virus, and variants 
arc now being met with which arc often different in each successive outbreak. 
This makes the duration of immunity after an attack very difficult to determine, 
but there is some evidence to show that to the homologous virus it may last for 
as long as 4 years (Pickles et al. 1947). 

How the virus survives from one epidemic to another, and what it is t a 
determines an epidemic outbreak, cannot be said. Though during, or occasions } 
just before, an outbreak the virus may be isolated from healthy persons (T<iy M 
1919), the existence of the carrier state between epidemics has not yet been sa i» 
factorily proved. It is believed by some workers that the disease is maintain* 
by sporadic cases, and that when a sufficiently large susceptible population ^ 
accumulated, the infection takes on a rapid spread (see Burnet 1951). °" ^ 

this is due to the appearance of a new variant to which the population posse- 
little immunity (see Smith ct al. 1951), and how far to a strain to which > mmu “ > 
is waning, still remains to be determined. Again, whether the infection a 
in one country and spreads m sequence to others, or whether the epi °™' c _ ^ 
a multiccntric origin is doubtful ; there is some reason to think < > a el 
possible (see Andrewes 1950). 

The iEtiology of Influenza ^ 

In view of our present knowledge the long controversy on the causativ 
of II influenza; (Pfeiffer 1892) has lost all but historical interest. 



522 


The Hemophilic Bacteria 


the hemophilic bacteria. The optimum temperature is 37° C., and the bacillus 
is aerobic and facultatively anaerobic. 

H. pertussis is biochemically inactive. It does not form indol, does not 
reduce nitrates, and does not ferment any sugars. It is in part because of this 
inactivity and lack of the strict nutritive requirements that characterize the 
hemophilic bacteria that many prefer not to include it in the genus Hemo- 
philus. 

The resistance of H. jiertussrs to deleterious influences is feeble and of the 
same order as that of the influenza bacillus. It is killed by exposure to 55° C 
for thirty minutes. 

Toxins. As in the case of Pfeiffers bacillus, the cell substance of H. 
pertussis is toxic upon parenteral injection into experimental animals and to 
about the same degree. Recent work seems to indicate definitely that an endo- 
toxin is present in these bacilli which may be separated as a watery extract 
of disintegrated cells. There appear to be two fractions, one heat-stable and 
the other heat-labile and inactivated in thirty minutes at 56° C. 9 On intra- 
venous inoculation in rabbits the heat-stable fraction produces a hyperglycemia 
and the heat-labile fraction a hypoglycemia. Intratracheal inoculation in rabbits 
produces an edematous reaction followed by a lymphocytic infiltration about 
the blood vessels and bronchi which is reported to be similar to the changes 
produced in the lung in whooping cough. Extracellular toxin found in cultures 
of H. pertussis appears to be liberated endotoxin. 

Variation and Antigenic Structure. Unlike the influenza 
H. pertussis is generally in the smooth state when isolated from the body on 
an optimal medium, and is immunologicaliy homogeneous. Leslie and Gard- 
ner 10 found that their newly isolated strains fell into four immunologic groups 
which they designated as Phases I, II, III and IV. Although not obvious y 
rough, Phases III and IV are somewhat rougher in appearance and less sta e 
in saline suspensions than the bacilli of Phase I. The S-R dissociation o 
pertussis occurs readily on culture on artificial media, even on bloo aga , 
and it seems probable that these phases do not represent distinct 
logical types but rather successive stages in the S-R transformation. ie 
portance of the existence of the bacilli in Phase I for the preparation o ^ 
cines and the like has been stressed by many workers in the last exv ye > 
will be clear, however, that in all probability this is but another way o 
that the bacilli must be in the smooth state. _ r0 . 

The S-R change, of which the above phases represent the early stag • ’ v 
ceeds to the obviously rough stage with consequent alterations i 
morphology and loss of virulence. .. 

As indicated elsewhere Cp- 501), H. . . 


Brucella bronchiseptica. Eldermg and . / 

cilli isolated from a small proportion of cases of whooping coug JS * $ j- n 
designate Bacillus para-pertussis. These bacilli differ from 

’Evans and Maitland: Jour. Path. Bact., 1937, 45:715; 1943,55269, 

Flosdorf. Amer. Jour. Med Sci., 1942, 204: 530, Evans- Jour. Patu- a - 
Sprunt and Martin- Amer. Jour. Path., 1943, 19.255. 

10 Leslie and Gardner: Jour. Hyg , 1931, 31.423. 

. 11 Eldermg and Kendrick: Jour. Bact., 1938, 35.561. 
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In 10 tf» n modified Type A s*trnm npjtenrcd in Australia, generally referred to as 
A*- prime (see Salk and Suriano 1910), which displaced throughout the world the 
more classical Type A strain**. Modifications of the A-prime type were fmb«eqiient!r 
rcrngnired ; and a further type, to which the provisional denomination Type C 
was given, was described by Taylor (1919) and Mimne, Quilligan and Francis (1931). 
Numerous variant strains have been found in different epidemics, and from e\en 
local) red outbreaks .strains presenting certain biological difTerenees have been 
Mated (Halter rt at. 1918, Sigel 1919, Smith it at. 1931, Isaacs rt at. 1952) 

Properties of the Vims. — Various estimates June been made of the size of the 
influenza virus. 

1*1 ford, Andri'Wcs and Tnng (1930), iJ«ing the grndoro) mmibmne technique, found it 
to full iH-twrcii the limits of SU and 1211 m/i ; nn«l 1 9 ford mid Andn*ues (1930), using tin* 



Fin I’Iih (nmiiin rogmph i»f influenza urui particle* (inilictitnl by amiw«) *n< 

jxihstiritu* l.ile\ particle* less) for compare* »n. niincmm shadowed. X - »• 


(Klmli) »ii||*1l^l l»r \ l-iv-. ) 

centrifugation tiihmqui*. istimnted it nt between K7 ntnl 99 nyi. Other istimatw 
by the centrifugal method plats* it nt 77 0 m/i (Tnjlor ft «/. 1913), nml SO ,n/< ' ™ 
and Stanley 1944), and by clectronmicrogmpln nt 77 t> m/» (Sharp ft at. 1914) an J 

(LnufTer and Stanley 1914). The It virus appears to In* slightly larger than the * T *• 
Chu, Dawson and 19 ford (1919) quotisl figures of 103 and 90 tn/i respccti\cl\. l V otl i v 
observers recorded that in the nmntotic or allantoic fluid l«>th tjpes mas orm no 
spherical but also filamentous forms (see also Wychofl 19**1). According to a .' 
his colleagues (1914) tho aw me influenza vims resembles in size \inis * . 

The virus was grown in tissue culture by Francis and Mngill (1935&) 
the chorio-allantoie membrane of the developing chick embryo b> * inl 1 
and Hurnct (1935&) From human material it is host isolated ij mjec w ^ 
the anmiotic unity; it can then be adapted to grow in the a an o* ^ an 
Multiplication nb-o occurs in the yolk-sac, but a larger mocu urn n* req 
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that they grow readily on ordinary nutrient agar upon isolation and produce 
an alkalinity in litmus milk in two to four days. Immunologically, they are re- 
lated to both H. pertussis and Br. bronchtseptica. 

Pathogenicity for Man. Interest in H. pertussis has centered chiefly 
about the possible etiological role of this microorganism in whooping cough. 
Although this bacillus was early observed m the bronchial exudate, where it is 
present in enormous numbers in the early stages of the disease, failure to re- 
produce the disease in laboratory animals and other considerations led many 
to question the etiological significance of H pertussis. For example, the pres- 
ence of inclusion bodies (p. 842) observed by McCordock 12 has suggested 
a filterable virus etiology. At the present time, however, the chain of evidence 
formalized as Koch’s postulates appears to be complete, and it may reasonably 
be concluded that H. pertussis is the causal agent of whooping cough. 

The microorganism is constantly present in the disease, most frequently in 
the catarrhal stage which is known to be the most contagious, less frequently 
in the paroxysmal stage, and disappears during the decline, being rarely found 
after the fourth week of disease. It is not found in healthy persons who have 
not been in contact with whooping-cough patients, or in patients with infcc- 

' ’ '* L er than whooping cough. By the cough- 

ievitz and Meyer 13 H. pertussis has been 
t whooping cough examined by Danish 

workers and in 98 per cent by Sauer and Hambrecht 14 in this country. The 
cellular infiltration and necrosis of the bronchi seen at autopsy in cases of 
whooping cough have been reproduced in the chick embrjo by Gallavan and 
Goodpasture, 1,5 an interstitial pneumonia with leucocytic infiltration about 
the vessels and bronchioles and mucous secretion on the bronchial epithelium 
has been produced by intratracheal inoculation m the mouse 10 and in the 
rat by intranasal inoculation. 17 Rich 18 has produced symptoms similar to 
those of whooping cough in man by the inoculation of chimpanzees, and Mac- 
Donald and MacDonald 19 have recorded experimental pertussis in man 
Significant work upon the relation of H. pertussis to the characteristic mani- 
festations of whooping cough has been carried out by Mallory and his co- 
workers. 20 The production of a mild toxin by the bacillus and the absorption 
of the toxin seem to be shown by the exudation of leucocytes into the lumen 
of the trachea and bronchi, by slight changes in the lymph nodules of the 
spleen, lymph nodes and gastro-intcstinal tract, by the occurrence of the well- 
known lymphocytosis of whooping cough, and by the production of the anti- 
body which makes possible the specific complement-fixation reaction Possibh 
the cilia arc damaged by a toxin, but this is not certain. More important than 

i* McCorJock Proc. Soc. Exp. Biol. Med., 1932, 29 1288. 

*• Chics itz and Mcjcr: Ann Inst. Pasteur, 1916, 30S03. 

•♦Sauer and Mambrccht. Jour. Amcr. Med. Assn, 1930, 9S-263 
15 Gallas an and Goodpasture Amcr. Jour. Path , 1937, 13 927. 

Burnet and Timmins- Brit. Jour. Exp. Path , 1937, IS 83, Bradford Amcr Jour 
Path, 1938, 14 377. 

•’ Homibrook and Ashhum; Pub. Health Repts , 1939, 54 -139. 

•♦Rich Bull. Johns Hopkins limp., 1932, 51.346, Rich el al : Science, 1932, 76 330, 
•“MacDonald and MacDonald. Jour. Inf. Dis., 1933, 53-328 
« Mallory et al : Jour. Med Res., 1912-13, 22.1 15, 391. 
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Another variation, seen in some Type A strains, results from continued passage on the 
chorio-allantois. A highly virulent endotheliotropic variant may be produced that kills 
the embryo with gross haemorrhagic lesions of the brain in 48 hours or less (Burnet 1945). 
The production of variant strains by the process of recombination , occurring as the result 
of growing together two strains with different properties (Burnet and Lind 1951), was 
described in Chapter 41. 

In the study of variation considerable use has been made of the response of the viruses 
to the inhibitory agents present in normal and immune sera. Rabbit serum contains 
two agents capable of preventing hemagglutination. One is the Francis factor already 
referred to, called a by Smith, Westwood and Belyavin (1951) : it is sensitive to R D.E. 
and inhibits heated virus more strongly than living virus. The other, or /J factor, is in- 
sensitive to R.D.E. and inhibits living more strongly than heated virus. A lecithin-hke 
factor present in the normal serum of man and various animals and capable of inactivating 
the virus without affecting its hmmagglutinating power was described by Utz (1949). 
The inactivating or neutralizing power of scrum from immune animals seems to be in- 
dependent of its action on liscmagglutination (Walker and Horsfall 1950). 

Growth Cycle. — The mode of multiplication of the influenza virus has already been dis- 
cussed in Chapter 41, and there is no need to do more here than to remind the reader that, 
after inoculation into tho allantoic sac, tho virus disappears and cannot be demonstrated 
again m its fully developed form for 5-6 hours, though an antigenic component of the 
virus is detectable by complement fixation after 2—1 hours (Hoyle 1950). Whether this 
indicates that the fully formed virus results from the aggregation of smaller units that have 
multiplied separately, or whether another explanation is more probable is still a matter for 
dispute (see Cairns et al. 1952, Fazekas dc St. Groth and Graham 1954). 

Antigenic Structure. — Antigenically tho A and B viruses are distinct. Within each 
type there is considerable heterogeneity. Variants of the A virus were described among 
others by Magill and Francis (1936), Magill and Sugg (1944), Friedewald (1944), Hilleman, 
Mason and Rogers (1950), Isaacs and Andrcwes (1951), and Hirst (1952), and variants of 
the B virus by Eaton and Beck (1941) and Gordon (1942). Some of the Type A strains 
are related to the swine influenza virus (Glover and Andrcwes 1941, Hudson etal. 1043) 
Studies have revealed the existence of at least two antigenic fractions in the influenza 
virus: (a) a fraction intimately associated with the elementary virus particle, readiy 
adsorbed by fowl red blood corpuscles, and showing a strain specificity in the complement 
fixation test, and (b) a soluble fraction which remains in the supernatant fluid of cen n- 
luged specimens, which is not adsorbed by red cells, and which shows a group speci ci y 
in the complement-fixation test (sec Fulton and Dumbell 1949, Hoyle 1952). The niftg 
glutmin can be extracted by ether from the virus particles. Apparently it consists o^o 
protein portion carrying the enzymic activity and a combining group having an a n ' J 
for the red cells. From the ethereal extract a serologically active lipid can be separa^ 
with properties suggesting that it is derived from the host cell (Hoyle 195-)* “ ^ 

unheated state the A and B viruses show no antigenic affinity, but if they are ^ 
60° C., cross-fixation occurs between them. The cross-reactions are thought o 
chiefly to an antigen derived from the protein of the host cells (Smith 195-.)- , 

Resistance. — According to Knight and Stanley (1944), the purified virus is mac 
promptly by 5 per cent, phenol, in a week by 0 5 per cent, phenol, and in a man ^ 

0 I per cent, phenol. The effect of other disinfectants was studied by u .” „Li va tes 
MacNeal (1944). According to Chu (1948), formalin in low concentration J f 
influenza Type B virus without appreciably impairing its haemagglu ina mg . ge j, c 
A differential destruction of the various properties of the influenza virus may 
brought about by ultraviolet irradiation (Henle and Henle 1947). mouse and 

Animal Pathogenicity. — The influenza virus is pathogenic for the ferre , e . t j 
. Tho mouse is fairly res.stant to virus F®" ^ 

tion 
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toxic action seems to be the mechanical disturbance caused by the presence of 
the bacilli in the respiratory tract. By their presence in enormous numbers, 
dozens to a hundred or more between the cilia of a single cell (Fig. 103), they 
are thought to interfere seriously with the normal ciliary action. In consequence, 
the removal of secretions and inhaled particles is prevented, and the lungs ate 
probably more exposed to infection by inhalation than under ordinary circum- 
stances. The bronchopneumonia which sometimes develops in fatal cases of 
whooping cough may be due to H. pertussis or to other bacteria, such as the 
pneumococcus. 

Bacteriological Diagnosis of Whooping Cough. The bacillus may be 
isolated by the cough plate method using the potato-glycerol-blood agar of 
Bordet and Gengou. The open plate is held 4 to 5 inches from the mouth and 
exposed to one or more explosive coughs. Characteristic colonies appear in two 
to three days but the plate should be retained for five days before discarding 
as negative. Nasopharyngeal swab cultures are reported to give a somewhat 
higher proportion of positive cultures than the cough-plate method. 21 The 



Fig. 103. Whooping cough. Minute bacilli present in masses between cilia of two cells 
lining tbe trachea, X about 1500 (Mallory and Horner). 


swab, on thin flexible copper wire, is passed through a nostril, into the naso- 
pharynx and left there for two or three coughs before withdrawal and culture 
on Bordet-Gengou medium. Sputum culture is not particularly satisfactory- 
Colonies of H. pertussis are larger and more opaque than those of the mmien 
bacillus, it may be differentiated further by hemolysis on blood agar an 


growth in the absence of the X and V factors. 22 

Epidemiology. An upper respiratory infection, whooping coug is r 
mitted by means of the secretions of the mouth and nose, to some e * 
through towels, handkerchiefs, hand-to-hand contact and the i 
doubtedly to a great extent by droplet infection. Undiagnosed an ^ 

cases may play an important part in the dissemination of the diseas • _ 

incidence is marked with 96 per cent of the deaths in children uo er L 


ne aeatns m uumi- ----- > - n 

of age. In 1945, for example, there were 1545 deaths from whooping*® ^at 
the registration area of the United States, a death rate ' w f 100 ping 

for the much more dreaded scarlet fever, and there * i /-pjo 104.) 

cough is one of the most important killing diseases of chi oo . tf e gro 
There appears to be some racial difference in susceptibility sm 

, ir i u tcuo 12 471: Millet, beac . 
81 Saito, Miller and Leach: Amer. Jour. Pub. Health, 19 . 

Saito and Humber: ibid., 1943, 33:839. , -....--.ally and in sort>c 

22 The laboratory diagnosis of whooping cough is aiscusse 
detail by Donald Brit. Med. Jour., 1938, Sept. 17, p 613. 
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against Virus B intranasally, the ratio of respiratory to circulating antibody rose 
still higher, and the resistance of the animals to intranasal infection with virulent 
A virus was increased. The effect of the B virus was to cause a local increase in 
capillary permeability and so help to concentrate the antibody in the respiratory 
tract. This phenomenon Fazekas de St. Groth refers to— rather portentously— as 
jxithotopic potentiation. The applicability of these observations to man must await 
specific trials. 

Numerous attempts were made before and during the second world war to 
vaccinate against influenza (Francis and MagiJl 1937, Stokes el al. 1937, Horsfall 
et al. 1941a, b, Hirst et al. 1942, Burnet 1943, Henle et al. 1943, Francis etal 1943, 
1944, Report 1944&, 1945). Fluids from infected hens’ eggs were mainly used, and 
the virus was inactivated by a variety of methods. The rise in protective antibody 
titre after vaccination seemed to be related to the pre-vaccination titre of existing 
antibodies as well as to the dose and quality of the vaccine ; and in general the 
higher the antibody titre was at the time of exposure to infection, the greater 
appeared to be the degree of resistance. Immunity took a week or two to establish, 
lasted for 6 weeks or so, and then began to decline. Many of these early trials 
yielded very promising results ; but trials made later, particularly during and after 

1947, were on the whole disappointing. There is reason to believe that this was 
due mainly to the appearance of epidemic strains differing in their antigenic structure 
from those previously encountered and incorporated in the vaccine (see Sigel el al 

1948, Rasmussen et al 1948, Kalter el al. 1948, Taylor 1919). It may prove possible 
in future to use for vaccine production strains showing epidemic prevalence ; but 
whether this will be successful or not will probably depend on the frequency and 
degree with which antigenic variation occurs in Nature and the practicability of 
making the necessary changes with sufficient rapidity to meet the oncoming epidemic 
There is, however, some evidence to suggest that the number of possible antigenic 
variants is limited (Jensen and Francis 1953). If this proves to be true, then the 
preparation of a satisfactory polyvalent vaccine may become practicable. 

Another reason why influenza vaccine has often given disappointing results m 
practice is that epidemics of influenza are sometimes accompanied by outbreaks 
of non-influenzal respiratory disease. Should the influenza cases constitute on j 
a small proportion of all cases of respiratory infection, the vaccine cannot e 
expected to have any substantial effect on the total attack rate. 

It must be remembered that, since repeated attacks of influenza maj occur 
under natural conditions, more than a partial degree of transient ifwnunrt) can 
hardly be expected to result from vaccination. The immunizing effect o \accm^ 
ation may perhaps be enhanced by the use of suitable adjuvants (Salk an aurc ,j. 
1952), and the necessity of repeated inoculation reduced somewhat. 
vaccination cannot be relied upon to protect against an epidemic, it ma> tea _ ^ 
check its progress and diminish its seventy by raising the general le\e o 
immunity. The part it will ultimately play, however, in prophylaxis ^ ^ 

doubtful, and there are those who are frankly sceptical of its value as a me 
adaptable to the general population . 

Anti-influenzal serum containing a fairly high content of neutra ' Z ”'P «.j ien 
was prepared in a horse by Laidlaw, Smith, Andrewes and Dun 'in ( ’• r<ina «al 

injected intraperitoneally into mice, it increased their resistance o ic ccc < s f u lly 
injection of virus Passive immunization has, so far , however no >ccn 
accomplished in man. 
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death rate is considerably higher than that of the whites. In contrast to most 
other diseases the incidence in females is somewhat higher than that m mafes 
The seasonal incidence shows a drop during late summer and early fall, with 



Fig. 10-4. The prevalence of whooping cough in the Registration Area since 1900 as 
indicated by the unconected death rates From data compiled by the Bureau of the 
Census. 


a prolonged peak in the later winter and spring (Fig 105). The disease tends 
to recur in periodic epidemic waves, presumably a consequence of the ac- 
cumulation of a new crop of susceptibles (Fig 104). 



Fig 105. The seasonal incidence of whooping cough. Averages of reponed cases by months 
for the >cars 1939 to 1945 inclusive. Data from Supplements to Public Health Reports. 


Immunity. Recovery from whooping cough is accompanied by the devel- 
opment of an immunity. Second attacks occur only infrequently in children 
and then arc very mild, in older people second attacks arc more severe Com- 
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brought evidence to show that swine 1 ungworms—Metastroiigyhi s ebnyalus and 
Choerostrongylus pudendotectus — play an important part in the propagation of 
the disease. Lungworms taken from sick or from convalescent swine have been 
found to carry the virus, though in a masked form. The infected ova are coughed 
up by the pig and excreted in its faces. They are swallowed by earthworms, 
in which they pass through three larval stages. The third stage is infective 
for swine. If the earthworm is then eaten by a pig, the larvm penetrate the 
intestinal mucosa and migrate to the respiratory tract by way of the lymphatics 
and blood stream. After two further developmental stages, they finally become 
adult lungworms and occupy the bronchioles at the base of the diaphragmatic 
lobes. If infected earthworms are fed experimentally to swine, nothing happens ; 
but if the animals are given multiple inoculations intramuscularly of living H. 
injluenzce-suis, some of them develop typical influenza — provided the experiment 
is carried out during the winter. Both the lungworms and the earthworms may 
remain infected for several months. The infected earthworms are probably eaten 
by swine at the time of the late spring and early autumn rains, when the worms 
come to the surface of the soil. The pig becomes infected in this way with the 
virus — still in the masked form. If at the time II. influenzee-suis happens to be 
present, then it requires only some circumstance, such as a climatic or physical 
change— perhaps some weeks or months later— to activate the virus, allow it to 
penetrate the cells of the respiratory tract, and give rise to typical influenza. It 
should be mentioned that Shope’s work still awaits confirmation in other countries. 

Vaccination against swine influenza may be carried out using various types of 
vaccine, but it is still too early to say what part it will play in the control of the 
disease (see McLean et al 1947, Gulrajani 1951). 

Infectious Pneumonia of Pigs.— It may be well to refer here to a disease which can 
readily be confused with swine influenza but which appears to be distinct from it. In- 
fectious pneumonia of pig9 was established os a separate disease by Pullar (1948, 1949) 
in Australia. Its existence in England and Northern Ireland was confirmed by Gulrajani 
and Beveridge (1951), who found it to be far commoner than swine influenza. Infectious 
pneumonia develops more slowly than swine influenza ; pneumonic lesions, which are 
marginal in distribution, are not evident till the 2nd week. The disease can be trans- 
mitted experimentally by the mtranasal inoculation of a suspension of lung tissue that * 
been filtered through a gradocol membrane of 0 8 fi A.P.D. The virus cannot be cu tiv 
ated in the developing chick embryo, nor does it produce illness on intranasal injection 
into ferrets or mice. Convalescent animals do not contain antibodies to t e same 
influenza virus in their blood serum. 


Influenza in other Animals. 

There are several other animal diseases, occurring in sporadic or epidemic form, 
which the label “ influenza ” has been attached ; “ horse influenza is an examp e. 
the particular instance of the horse disease there is Bugge9tive, if not conclusive, evi e 
that It is caused by a filtrable virus ; and it is altogether probable that we shall 
several animal diseases are in fact due to infection with a virus of the l aenz , 
(see Discussion 1935). There is evidence, for example, that the disease of ca tes v . 
referred to as infectious pneumonia, calf influenzal pneumonia, and per aps i so 
as scours, is due to a virus infection. The disease is widespread in rea n ^ 
in certain parts of the United States. It is characterized by ^ ever * P neuD ^. ’ f cen t. 
the later stages diarrhoea. The case fatality may be as high 83 0r . a broncho* 
Animals killed at the height of the disease show a catarrhal enteritis a ^ 
pneumonia. The disease can be transmitted by ground-up lung suspensio 
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plement-fixing antibodies arc formed but do not appear until the third or 
fourth week of the disease and, consequently, are of limited diagnostic value. 
It has been claimed that immunes give an allergic skin reaction to the intra- 
dermal injection of pertussis bacilli; the value of this reaction is uncertain. 

Prophylactic Inoculation. The early attempts to use vaccines of H. pertussis 
were not uniformly successful. More encouraging results were obtained by 
Madsen and other Danish bacteriologists in the Faroe Islands. In the United 
States Sauer and his colleagues have prepared vaccines of freshly isolated, 
virulent strains which appear to be effective in reducing the incidence and 
severity of the disease. It appears to be of primary importance that the vaccine 
consist of the smooth bacilli of Phase I, and earlier reports of the inefBcacy of 
active immunization are probably attributable in part, at least, to the use of 
other than the smooth form of the microorganism. Important parts of the 
immunizing antigen arc soluble and removed by washing the cells; this ma- 
terial has been partially purified by methanol precipitation in the cold and 
studied by Pillemer, Burrell and Ross . 23 It is now definitely established that 
active immunization with properly prepared vaccine confers an effective im 
munity to pertussis . 24 Alum precipitated vaccine seems to be effective also 
but it is not known whether it is superior to plain vaccine. It appears also 
that pertussis vaccine may be successfully combined with diphtheria toxoid 
to allow immunization against the two diseases simultaneously; available eu- 
dencc suggests that the immune response is equal to that obtained with sep- 
arate antigens. It is generally agreed that the disease is appreciably milder in 
immunized children. 

With the demonstration of the endotoxins of H. pertussis, considerable 
interest has attached to the possible role of anti-endotoxin in immunity to the 
disease. The toxicity appears to be neutralized with appropriately prepare 
antiserum and studies with experimental animals suggest that antitoxic anti 
body may be of importance in the immunity . 25 The results have not yet ecn 
applied to man except on a small scale . 20 J7 , 

There is some evidence that antiserum may have prophylactic value u 
neither antisera nor vaccines appear to have therapeutic value. 


THE MORAX-AXENFELD DIPLOBACILLUS (IIEMOrHILUS DUPLEX) 

A small bacillus, described independently by Morax and by Axenfeld i 
1896 and 1897, is responsible for infections of the conjunctiva an c0 ™ 
man, and is known as the Morax-Axenfeld bacillus or Bacillus lacitnaUis ^ ^ 


d in pairs or 


23 Pillemer, Burrell and Ross. Science, 1947, 106-36- , A ssn 1944, 

24 See the general reviews by Felton and Willard. Jour- Amer. *» ea ith, 1946, 

126-294; Lewis. Med. Officer, 1946, 76:5, Parish, Gunn and Ungar- ruo. ^ ^ 

5 « See Evans: Lancet, 1942, *.529; Anderson and North and 

Med Sci., 1943, 21.1; Roberts and Ospech: Jour. Inf- Dis., 1*-*-*. 

Roberts Jour. Inf. Dis., 1944, 74:22. n 

28 T5ullowa and Aherman Jour. Amcr. Med. Assn., 1942, 

21 Cf. Felton. Jour Amer. Med. Assn., 1945, 128*26. 
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about II days. The patient is infectious chiefly during this stage and to a less 
extent during the first week of the paroxysmal stage (see Lawson 1933 ). 

Parapertussis is a disease that resembles pertussis but is usually very mild and 
of short duration. It is caused by the closely allied organism, II. parapertussis. 
The two diseases do not afford cross-protection to each other. 

Diagnosis. 

The clinical diagnosis of whooping cough is often difficult and confirmation 
may be sought from the laboratory. During the catarrhal stage there is usually 
a leucopenia, but this changes during the paroxysmal stage to a Ieucocytosis with 
an absolute and relative lymphocytosis. The constancy of these findings is under 
dispute, but blood changes may be of help in cases seen too late for cultural methods 
to be of value. 

Cultural. — As has been stated, H. pertussis can almost always be isolated from 
the sputum during the early stages of the disease (see Wollstein 1909, Chievitz 
and Meyer 1916). For several years the cough-plate method has been extensively 
used for diagnostic purposes, and has given satisfactory results. The patient is 
induced to cough directly on to a plate of Bordet-Gengou medium, and this 
is examined for the characteristic colonies after 48-72-hours’ incubation (sec 
Chapter 33). 

Among reports on results obtained by this method are the following. Madsen (1925), 
in 914 cases, records 75 per cent, of positive isolations during tbe initial catarrhal stage, 
61 per cent, during the 2nd week, 45 per cent, during the 3rd, 40-5 per cent, during the 
4 th, and 9 per cent, during the 5th. Sauer (1933), in 400 cases, records 88 per cent, of 
positive isolations in the early catarrhal stage, 64 per cent, in the paroxysmal stage, and 
none in the late stages. Gardner and Leslie (1932), in 47 cases, record 67-75 per cent, 
of positive results in the first 3 weeks, 25 per cent, in the 4th and none thereafter. Kendrick 
and Eldcring (1934), in 207 cases, record 78-84 per cent, of positive results during the 
first 3 weeks, 39 per cent, in the 4th and none in the 6th (see also Sugaro and McLeod 
1929, Sauer and Hambrecht 1930, Kristensen 1933, Strakcr and Wcstwater 1937, Donald 
1938). It may be added that Kristensen (1933) records his failure to isolate H. pertussis 
from 500 healthy persons, and from 202 persons Buffering from other respiratory diseases. 
Among 301 contacts, H. pertussis was isolated in 9 instances, and all these 9 persons 
subsequently developed whooping cough. Kendrick and Eldenng (1934) and Wile 01 
(1934) also record their failure to isolate the bacillus from any disease other than whooping 
cough. , , . 

The incidence of II. parapertussis varies greatly. In Michigan Eldering and Ken 
(1952), using mainly the cough-platc method, isolated II. pertussis from 3,263 an 
parapertussis from 65 patients during the years 1935-50 ; that is, II. parapertussis was ' re 
sponsible for only about 2 per cent, of the cases diagnosed as whooping cough from w 
diagnostic cultures were made In Great Britain this organism is likewise uncommo 
but in Denmark its proportional frequency has at times been considerably greater. 

To avoid some of the inconveniences of the cough-plate method, Maclean G937) 
introduced the use of the post-nasal or nasopharyngeal swab. Cultures ma e ^ 
this method are liable to be overgrown by other organisms but, if the swa 
streaked on to a Bordet-Gengou plate over which a few drops of a suita e s 
of penicillin have been spread, these can be largely suppressed. An e\en e 
method is to use a pernasal swab (Bradford and Slavin 1940, Brooks an r 
1942, Miller et al 1943. Cockburn and Holt 1948). This consists of a turn wi y 
of wool wound round the end of a length of fine flexible nichiome wire. 
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short chains. They arc non-motile, non-spore-forming and gram-negati\e 
They do not grow on the ordinary’ nutrient media, potato, milk or gelatin but 
require the presence of serum, ascitic fluid or blood in the culture medium 
They ferment few if any carbohydrates and do not form indol. Coagulated 
serum is liqueflcd. They die out within a day or two at room temperature but 
may survive for weeks in culture in the incubator. It has been reported JS that 
hemolytic and non-hemolytic types occur which may be differentiated im- 
munologically. 

So far as is known this microorganism is pathogenic only for the human eye. 
The inoculation of experimental animals is without effect, but the instillation 
of the bacilli onto the conjunctival sac of man results in the dcielopment of a 
blepharoconjunctivitis, either chronic or acute, and se\erc inflammation of the 
cornea may be produced. Treatment with 0.25 r>er cent zinc sulfate solution 
is specific and produces a rapid cure, while silver salts are without effect. The 



Fig 106. Morax-Axenfeld diplobacdlus, smear taken from conjuncma (Brown Pusey). 

disease is widely distributed and has been reported in Europe, Africa and 
North America. 

DUCREVS BACILLUS (HEMOPHILUS DUCREYI) 

"Soft chancre” or "chancroid" is a \cnereal disease transmitted by direct 
contact. The lesions, which are on the genitals or adjacent areas, are irregular 
ulcers which differ from the hard or hunterian chancre— the primary lesion of 
syphilis— in that they are not indurated. Unlike syphilis, the infection remains 
localized, spreading no further than the neighboring lymphatics, which may 
become swollen to form secondary buboes in the groin. 

The bacillus which bears his name was found by Ducrey in 1890 m the 
purulent discharge from the lesion, and by the inoculation of the skin of the 
forearm he was able to transmit the disease through fifteen generations. The 
microorganism was obtained in pure culture by Besamjon, Griffon and le 
Sourd in the same jear. 

Ducrey's bacillus is a short rod 1 to 1.5 ft in length and 0.6 ft in breadth. In 
smears it is generally found to be ovoid, and there is a tendency to occur in 
end to-end pairs or in short chains; in broth culture longer chains may be 
observed. It is non -spore-forming and nonmotile. The bacillus not infrequent!) 

« Oag- Jour. Path. Bact., 19-12, 5-1.128. 
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immunization with an II. pertussis vaccine is only moderately effective in preventing the 
disease, but is of very real value in decreasing severity and mortality. 

Sauer (1937) used a plain vaccine with apparent success in routine clinic practice with 
healthy infants. Kendrick and Eldering (1936, 1939), likewise using a plain vaccine, 
obtained a considerable degree of protection ina controlled study in Michigan ; the incidence 
of whooping cough in the vaccinated children was only about a third of that in the controls. 
Bell (1941, 1948) obtained similar results in two well controlled trials, the first made with 
an alum-prccipitatcd vaccine alone, the second with an alum-precipitated vaccine com- 
bined with diphtheria prophylactic. An alum-precipitated vaccine tried by Kendrick 
(1942, 1943) also proved successful. Other favourable reports were made by Rarabar 
and his colleagues (1941), Dauglitry-Denmark (1942), Perkins and his colleagues (1942) 
and Sako (1947) in the United States, by Oldh (1942) in Hungary, and by Dungal, 
Thoroddscn and Agustsson (1W4) in Iceland. On the other hand, Siegel and Goldberger 
(1937) and Doull and liis colleagues (1939) in the United States, and McFarlan, Topley, 
and Fisher (1945) in England failed to obtain any substantial degree of protection in 
controlled field trials among infants and children. 


It should be pointed out that in some of the studies referred to above there 
was no control group, and that in others the method of selecting the controls was 
not above criticism. In mass immunization experiments too much care cannot 
be taken to ensure that the treated and the control subjects are as similar as possible 
in every respect. The fallacy of offering immunization to a given group of subjects, 
inoculating those who accept and treating the remainder as controls, has already 
been pointed out m relation to B.C.G. vaccination (p. 1531). It is particularly 
difficult in clime practice to be sure that children in the two groups are exposed 
to equal risks of infection. The most reliable method, therefore, is to inoculate 
alternate children m a residential nursery or similar institution, in which all the 
children are mixed together and in which infection, if it is introduced, will spread 
to all alike. This method, however, is usually practicable for use on only a small 
scale. 

To satisfy the most rigorous conditions a field trial was carried out in England 
by the Whooping-Cough Immunization Committee of the Medical Research Council 
(Report 1951). Infants and children of G-18 months of age whose parents agreed 
to take part in the trial were divided by random sampling into two groups of equa 
size. One was given 3 doses at monthly intervals of pertussis vaccine, the other 
of an anti-catarrhal vaccine. The pertussis vaccine included 5 batches from 
3 different manufacturers Each child was visited frequently by a special nurse, 
and swabs were taken for bacteriological diagnosis from clinical cases of whooping 
cough. Altogether 10 trials were carried out in 5 separate areas. A tota ° 
3,801 children injected with the pertussis vaccine and 3,757 injected with the con ro 
vaccine were followed up for a period of 2-3 years. The average attac ' rn e “ 
all the trials taken together was 1-45 per 1,000 child-months of observation m 
vaccinated and G-72 in the control group. The best comparative index P r0 ' c . 
be the attack rate among children under 14 years of age exposed to risk o m * c 
in their own homes. These rates were 18 2 per cent, in the vaccinate an 
per cent, in the control group. The vaccines varied in their protective P° ^ ^ 
With the best an attack rate among home exposures of only 7-3 per cen . ^ 

recorded , with the least effective the corresponding figure was 30- per • 
This trial showed without doubt that it is possible to confer substan la pro 
against whooping cough by vaccination, and that different vaccines vary 
protective potency'. 
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stains irregularly and bipolar staining may be observed. It is stained by the 
usual aniline dyes and is gram-negative. 

The bacillus will not grow on the ordinary laboratory media and requires 
the addition of serum or, preferably, blood. According to Beeson 29 the X and 
V factors alone are not sufficient and additional factors present in either serum 
or erythrocytes are required. The small, grayish, glistening colonies appear 
in blood agar in twenty-four hours and, after two to three days’ incubation, 
show a narrow zone of hemolysis. The bacilli may be cultivated from the 
chancroid by inoculating tubes of fresh (not more than three to five days 
old) rabbit blood. Smears made at the end of twenty-four to forty-eight hours* 
incubation will show the characteristic tangled chains of gram-negative ba 
cilli . 30 These bacteria cannot be identified in smears from the chancroid 
because of a tendency to aberrant morphology . 31 The bacilli may be isolated 
and cultivated on the chorioallantois of the developing chick embryo, and 
appear to have little pathogenicity for the embryo. 3 ' Babbits and monkeys may 
be infected by intradermal inoculation of pure cultures, but subcutaneous, 
intraperitoneai and intravenous inoculation is without effect . 33 Infected ani- 
mals develop a hypersensitivity but no immunity to reinfection. 

There is little or no immunity. The chancroid is frequently multiple and is 
auto-inoculable. A hypersensitivity develops, however, which is manifested as 
a reaction to the intradermal inoculation of killed bacilli, and which persists 
for many years. Antisera and autogenous vaccines are said to have therapeutic 
value. 

20 Beeson: Proc. Soc. Exp. Biol. Med., 1946, 61:81. 

30 Beeson and Hey man: Amer. Jour. S)T h., 1945, 29 633. . 

31 See the discussion of diagnosis by Greemvald. Jour. Amer. Med. Assn., IV > 

32 Anderson and Snow Amer. Jour. Path., 1940, 16:269. , 

33 See the discussion by Feincr, Mortara and Levenkron: Amer. Jour, yp •» 1 

29.71. 
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opinion The arguments arc set out in some detail in the report of a special con- 
ference held under the auspices of the World Health Organization, to which reference 
may be made (Report 1953r<). Our own preference is to delay vaccination against 
both whooping cough and diphtheria till towards the end of the first year of life, 
partly to ensure the highest degree of protection during the pre-school years when 
the risk of developing these diseases is greatest, and partly to avoid the necessity of 
a re-mforciiig injection till the child enters school. Whether a re inforcing injection 
is necessary for whooping cough is very doubtful, but it certainly is for diphtheria. 
A combined vaccine has obvious advantages We know, however, too little about 
the resulting immunity to whooping cough to recommend such a vaccine unreservedly 
(see Barr and Llcwellyn-Jones 1953). Moreover, there is some evidence to suggest 
that poliomyelitis is more likely to follow the use of a combined than of a simple 
vaccine. 

Complications. — Encephalitis is a rare complication of whooping cough. Convulsions 
and encephalopathy have been described after pertussis vaccination (Byers and Moll 
1948, Toomey 1949, Anderson and Morris 1950) — mainly in infants and children showing 
signs of mental instability. Poliomyelitis, on the other hand, is seen after vaccination 
in perfectly healthy children. Since McCloskey (1950, 1951) drew attention to this sequela 
in Australia, several observations have been made on its incidence, with varying results 
If consideration is restricted to cases coming on within 4 weeks of inoculation and affecting 
the inoculated limb first, there does seem to be, in some countries and at some times, a 
greater degree of association between inoculation and paralysis than can be explained by 
chance alone (rcc Hill and Know olden 1950). The risk appears to be greater after combined 
than after simple vaccines. It is probably wise therefore to discontinue inoculation tempor- 
arily in areas whore poliomyelitis is epidemic, or to avoid at such times the use of combined 
vaccines. 

Treatment, — Since about 70 per cent, of deaths occur from whooping cough 
before the age of one year, and since it is often impracticable to confer active 
immunity on all infants by vaccination, even if this was desirable, recourse has to 
be made to the use of therapeutic agents. Antisera can be prepared against the 
exotoxin of II pertussis, but these appear to have little effect on the course of the 
human disease (Bullowa cl al. 1942) There is some evidence to suggest that serum 
from convalescent cases may be of value when given prophylactically during the 
incubation period or therapeutically in the early catarrhal stage, but further 
observations arc required (sec Smith 1930) Most deaths from whooping coug 
in infancy occur as the result of respiratory complications, particularly bronc o 
pneumonia These are often susceptible to treatment with the sulphonamides or 
the antibiotics Chloramphenicol is said to shorten the course of the disease 
(Lassen and Grandjean 1951), though this effect seems to be restricted topatien s 
treated within the first week (Report 1953b). It is, however, too dangerous a ru„ 
to use, and aureomycin should be substituted for it if antibiotic treatment is regar e 
as desirable 

Secondary Broncho-Pneumonia 

Influenza, whooping cough, measles, and to a less extent certain other 
infective diseases, are peculiarly liable to be associated with a secondary in ec i 
of the lungs ; and it is this fact which is answerable for the high mortality associa 
with such diseases. The case fatality during an epidemic of influenza, for ms a » 
is almost entirely determined by the frequency of pulmonary comp Ica 
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PSEUDOMONAS PYOCVANEA 

The genus Pseudomonas includes some thirty species which are found, for the 
most part, in water, soil and wherever organic matter is decomposing. The 
fluorescent bacteria are members of this genus, Ps fluorcsccns being the gelatin- 
liquefying form and Ps. non-liquefaciens the non-Iiqucfying form. The elab- 
oration of blue pigment by Ps. syncyanea results in “blue milk.” One species, 
Ps. septica, is the cause of a disease of caterpillars, another, Ps. jaegeri, is patho- 
genic for chiclcens, and a third recently discovered species, Ps. replilovortis, 
produces disease in certain reptiles. 

The best known species of Pseudomonas, houcser, and the only one that is 
pathogenic for man, is Ps. pyocyauea The blue or blue-green stains that some- 
times appear upon surgical dressings long ago attracted attention, and c\cn 
before the cause of the phenomenon had been discovered Fordos studied 
the pigment in 1860. Gessard found, in 1882, that the pigment was the prod- 
uct of a specific microorganism, Ps. pyocyanca, which he isolated in pure 
culture. 

Morphology and Staining. The cells of Ps. pyocyanca vary’ consider- 
ably in size and proportion, but appear usually as small, slender rods, 1.5 to 3 
p long and 0.5 p broad, frequently united m pairs and short chains. There are 
1 to 3 polar flagella, and the bacterium is actively motile. Neither capsules nor 
spores are formed. The colonics arc large and spreading, edges are irregular, 
and the consistency’ butyrous. These bacilli stain readily with the usual 
aniline dyes and ate gram negatise. 

Physiology. Ps. pyocyanca grows readily on all the ordinary culture 
media and most rapidly at a temperature of 30° to 37° C. Aerobic conditions 
are required, although it is sometimes said that there is some growth under 
anaerobic conditions. Gelatin is rapidly liquefied, hydrogen sulfide is producer!, 
and indol formation is variable. The fermentathe abilities of this bacterium 


One of the most distinctive characteristics of Ps. pyocyanca is its production 
of a bluish green, soluble pigment which does not color the colonics or other 
„ r .r- -*• *■ 1 ■' >' ■ ■* T ■ are actually two 

. ■ _ ■ ' 1 ' * * • s ' r and can be cx- 

" ' ■ " ' ■ « 1 "■■■■■ yellowish green 


529 


1880 ACUTE RESPIRATORY INFECTIONS 

In many infections by the organisms mentioned in this section, the disease 
may, on both clinical and pathological grounds, be classified as a primary pneu- 
monia, In others, the distinction between primary and secondary pneumonia is 
hard to make and, from many points of view, may not be worth makiug. Never- 
theless, the term " secondary pneumonia ” at least serves to remind us of the 
patient's predisposition to bacterial respiratory infections in diseases like measles 
and influenza ; and from the foregoing it is clear that pneumococci, influenza 
bacilli, hsemolytic streptococci and staphylococci are the chief offenders in taking 
advantage of this predisposition, together accounting for the majority of fatal 
infections 

The fact that these secondary pneumonic infections play a large part in 
determining the case-fatality rate in any outbreak of influenza, measles or 
whooping cough, raises a point of the first importance in regard to the effective 
control of these diseases. It is probable that the secondary bacterial invader 
responsible for the fatal issue is in many cases leading a vegetative existence in 
the upper part of the respiratory tract of the host, at the time when the primary 
infection is contracted (see Smillie and Ducrschner 1947). In other cases the host 
may receive the secondary invader from the same source, and at the same time, 
as the primary infecting agent. There is, however, little doubt that a “considerable 
proportion of fatal secondary infections result from the implantation, on a case 
of primary influenza or measles, of a virulent streptococcus or pneumococcus ; and 
the records contain instances of waves of secondary infection, due to a particular 
bacterial species, passing through hospital wards or concentration camps (see Opie 
et al. 1921). The conditions which, in the aggregate, make up the environmental 
factor known as “ hospitalization,” play the same part in secondary respiratory 
disease as they play in the case of surgical or puerperal sepsis. The patient with 
influenza or measles should be regarded as peculiarly liable to acute respiratory 
infection, and should be carefully guarded from secondary infection. There is, 
for instance, ample evidence that overcrowding in hospital wards, or in military 
camps, may seriously increase the mortality during an outbreak of influenza or 
of measles (see Memorandum 1944). 

There seems little hope that any form of prophylactic immunization, apart from 
immunization against the primary disease, will reduce the liability to such secondary 
infections. As will be obvious, we are faced with a multiplicity of heterogeneous 
bacterial antigens, and it seems scarcely reasonable to expect that we can ever 
induce immunity to all the bacterial species and types to which a person wit 
some primary predisposing infection may become a prey. The same heterogeneity 
of infecting agents severely limits the opportunities for the use of specific serum 
therapy. . , . 

Both the sulphonamides and penicillin are reported to be effective m the con r 
of broncho-pneumonia due to staphylococci and streptococci. The sulphonanu es 
are less effective against H. infiitenzw and Bad. fnedltinderi, though some buccos 
is claimed for them. 

Primary Pneumococcal Pneumonia 

We need not here consider the clinical or pathological aspects of P nc f ur ^° , 
as it occurs in man, or discuss the vexed question of the classification o 
inflammatory lesions of the lungs. Excluding the broncho-pneumonias o ^ 
children, and the secondary pneumonias to which we have already Tc CTrc * 
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fluorescent pigment, is soluble in water but not in chloroform. They are both 
oxidation products of colorless precursors. Both sulfate and phosphate are 
required for the formation of pyocyanin. Pyocyanin is formed only by Ps. 
pyocyanea, but the fluorescent pigment is formed by several other species of 
Pseudomonas. These pigments may occur separately or together, and the con- 
ditions that determine their formation have been exhaustively studied 1 
Wrede 2 has determined the composition of pyocyanin, which has proved to be 
an entirely new type of dye and the first instance of a phenazine derivathe 
occurring in nature (p. 124). 

Pathogenicity. For some time after its discovery Ps. pyocyanea was 
generally regarded as a harmless saprophyte, or at the most as a microorganism 
of slight pathogenic power. It has since been learned that this bacterium is 
causally associated with a great variety of suppurative and other affections in 
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fig. 107. Colonics of Ps. fluorescens on nultient agat. Tsventy-four-liour culture, X 3 ' 

man. Apart from the many doubtful cases in which Ps. pyocyanea ^ u . [s 
mixed with streptococci, staphylococci and other microorganisms vv ^ 
share in inciting pathological processes is problematic, numerous ms ^ 
are on record in which little or no question exists as to its etio ogica 
has been found by a number of workers in pure culture in a scesses 
ferent parts of the body, especially in the middle ear. Cases o en ocar ^ 
pneumonia have also been met in which Ps. pyocyanea seeme 0 .. ^fee- 

responsible microorganism. A generalized and fatal form °* l 3S been 

tion has been observed by a number of investigators, and the a a 
found in the blood during life. Ps. pyocyanea has been foun con ep iJ £ wk, 
ent in the intestinal discharges of patients during a dysentery ^ ^ ater 
and the same microorganism was also present in abundance in out break 
which seemed, on epidemiological grounds, to be imp mate j closely 

Ghosh 3 reported a series of cases of infection with this aci 

1 Jordan: Jour. Exp. Med., 1899, 4.627. 

2 Wrede. Ztschr. f. Hyg. u. Infektionskr., 1930, 111:90 

3 Ghosh: Jour. Indian Med. Assn., 1938, 7:655 
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by pneumococci and Friedlander’s bacillus, but is less fatal (Glaser and Wood 1951) The 
mechanism of recovery from experimental pneumonia under chemotherapy was studied in 
rats by Wood and his colleagues (for references see Sale and Wood 1947). 

It should be noted that the action of the starch or mucin in these experiments is not 
to block the bronchi and thereby induce collapse and subsequent infection in the tributary 
alveoli, but to protect the cocci against the defence mechanisms of the body (see Chapter 54). 
According to Hamburger and Robertson (1940) mere blocking of a bronchus does not 
predispose the corresponding alveolar portion of the lung to infection. It is probable 
that natural infections are initiated by the aspiration of pneumococci and mucinous 
material from the upper respiratory tract. Nungester and his colleagues, for example, 
have show n in rats that the nasal instillation of pneumococci and mucin does not result in 
pneumonia but that, if by chilling or alcohol intoxication the normal mechanism preventin'; 
the inhalation of fluids into the lung is deranged, pneumonia follows (Nungester and 
Klepser 1938). When mucin and pneumococci were introduced into the nose or the 
trachea, artificially imposed forceful inspiration induced pneumonia in about 60 per cent, 
of the rats tested. Forceful expiration, on the other hand, which in some respects is 
analogous to natural expulsive coughing, had a smaller predisposing action, for, when 
it was imposed on the breathing of mice inoculated intratracheally, the incidence of 
pneumonia was only 18 per cent. (Nungester, Klepser and Kempf 2942). 

As noted elsewhere, Gaskell( 1927) carried out a large series of intratracheal inocula- 
tions in rabbits, and brought evidence to show that the type of infection produced 
in these animals is mainly determined by the virulence of the strain of pneumococcus 
injected, ranging, as virulence decreases, from a rapidly fatal septicaemia without pulmonary 
changes, through lobar and lobular pneumonia, and through lesions confined almost 
entirely to the bronchi and bronchioles, to a complete absence of reaction. The frequency 
with which pneumonia follows intranasal inoculation in mice has been found to vary 
both with the virulence of the strain and with the susceptibility of the animal used (see 
Rake 1936). 

Though consideration of the epidemiology of pneumonia in man points overwhelmingly 
to the respiratory route of entry, the possibility of a blood-borne infection of the lung 
must be borne in mind. In this connection wc may note that Rake (1936), by carefully 
balancing the virulence of tho pneumococci against the resistance of the test mice, induced 
pneumonia by intravenous inoculation ; and that Kempf and Nungester (1940) showe 
that pneumonia followed intravenous inoculation in rats previously given mucin intra- 
bronchially. 

If we collate the available experimental evidence with the numerous observa 
tions which have been carried out on the natural disease as it occurs in man (Doc ez 
1912, Sia, Robertson and Woo 1928, Finland and Sutliff 1931a), we can construct 
a picture of the sequence of events in lobar pneumonia, which, however incotn 
plete it may be, will aid us in the discussion of the results obtained in serum trea 
ment and in prophylactic vaccination. 

It would appear that the initial phase of the infection is marked by a progressiv 
invasion of the lung tissue, frequently associated with a detectable bacteremia. 
The inflammatory reaction in the lung progresses through its successive i 5 
and the bactersemia may, or may not, increase in severity. At some time 
the 4th and 7th days, in favourable cases, specific antibodies begin to * J °. - 

blood ; and, coincidently with their appearance, the temperature fa s y c » 
the pneumococci disappear from the blood if they were ever present in ® 
numbers, and the clinical condition of the patient undergoes a striking ame 10 ^ g ’ 
though abnormal signs in the lungs may persist for several days or even vr ^ 

There are good grounds for believing that the degree and persistence o ' 
semia, rather than the local condition in the lungs, is the main factor in e 
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simulated Asiatic cholera There is no doubt that under certain conditions Ps 
pyocymicn is pathogenic for man, although probably human infections arc 
relatively rare. 

The intrapcritoncal injection of 0 25 ml of culture of a virulent strain 
will kill a guinea pig with acute sxmptoms in twenty four hours. Smaller 
amounts are also fatal but less rapidls Subcutaneous inoculation produces 
a marked local reaction The svmptom complex presents nothing espccialh 
characteristic, llabbiis arc not so susceptible as guinea pigs, mice and pigeons 
arc less susceptible than rabbits Immunity can he produced by small, non 
lethal doses. 



(Harrison). 

The occurrence of Ps pyocyaiicn as a plant pathogen and its close relation 
ship, if not identity, with Phytoiitouas polycolor 4 has been noted elsewhere 

( P . 328) 

LACTOBACILLUS 

This genus is composed of a somewhat loose assemblage of microorganisms 
which produce considerable quantities of lactic acid from carbohydrates and 
which are able to withstand a degree of acidity usually fatal to non-sporulating 
bacteria. The latter characteristic is useful in the isolation of cultures as well 
as in distinguishing the group. Kendall has proposed a term, aciduric (acid 
tolerant), which is now commonly applied. 

Morphologically some of the lactobacilh are long, slender rods, while others 
are somewhat similar to the colon bacillus but unlike it they are all gram- 
positive. They are non-motile. Many cultures exhibit a typical diplobacillary 
form, often kidney-shaped. Old cultures frequently exhibit considerable pleo- 
morphism As a rule, cultures are facultathely anaerobic or mieroaerophihc, 
and some of them, particularly L. bifidiis, are anaerobic on primary isolation 

Classification has been based primarily upon source of the cultures Al- 

4 .Elrod and Braun Jour Bact , 1942, 44 633. 
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rates were progressively less with Type H, Type I and Group IV infectious, in that 
order (see Glynn, Digby and Jones 1923, Cecil 1928, Rosenbluth 1928, Ferguson 
and Lovell 1928). 

The differentiation of Group IV strains into multiple types has not materially 
affected the picture, though it has painted in a little more detail. Most of the 
new types are met with only occasionally ; Types 6, 7, 14 and 19, however, may 
sometimes rival the older types in frequency. On the whole, the newer types tend 
to be found relatively more often in secondary pneumonias than in primary lobar 
pneumonia. The type distribution in the pneumonias of childhood may differ con- 
siderably from that in adults (see Nemir el al. 1936) ; and the types associated with 
disease in different parts of the body, such as the middle ear, the pleura, or the 
spinal fluid, often have characteristic distributions. In healthy carriers the type 
distribution differs from that found in lobar pneumonia, but often corresponds 
closely to that found in broncho-pneumonic infections (see Finland 1937). Table 
149 records representative figures taken from Finland’s (1942) review showing the 


TABLE 148 

Frequency of the different Serological Types of Pneumococci in Lobar Pnkuhofu 

AS RECORDED BY VARIOUS OBSERVERS. 


Observers. 

Country or 
District. 

Period, j 

No. ol 
Cases 1 
exa- 
mined. 

! Frequency percentage. 

T 

T ,T 

"a 1 

Group ■ 
IV. 

Schorer, Clark and others 

Thomas 

Cecil, Baldwin and Larsen 

Griffith 

Glynn, Digby and Jones . 

Ferguson and Lovell . . 

U.S.A 

USA. 

U.S.A. 
England 
England 
(Liverpool) 
England 
(Manchcs- 
| ter) 

1917-18 

1917-21 

1921-26 

1929-22 

1919-21 

1925-27 

101 

239 

1,913 

150 

96 

116 

30-7 
25-1 , 
33 6 1 
30 6 
45-8 

431 

14 9 
10 9 j 
191 1 
32-7 
24 0 j 

4-3 

17-8 , 
14 C i 
13-3 1 
6-7 
21 

00 

366 i 
494 
33-3 
30-0 
281 1 

626 ' 

! 


frequency of the Cooper types in pneumonia of adults and of children iu the United 
States of America, and in healthy carriers surveyed by Gundel (1933) in Germany 
and by Straker, Hill and Lovell (1939) in England (For records of type dis- 
tributions in various other parts of the world, see Mulder 1938, Ordman 193S, 3 
and Chitkara 1941, Stobo and Little 1941, Siegenbeek van Heukelom and Beeuwiiw 
1942, Guthrie and Montgomery 1948, and Lund 1949 ) ^ 

We can divide pneumococci into the relatively virulent ^or infective^ yp^» 
and the apparently less virulent, characteristically " carrier ’ types. The in ec i 
types are commonly associated with acute pneumococcal pneumonia, a ° 
carrier types are commonly found in the healthy human throat. This ar 1 
division is not clear cut ; as Table 149 shows, “ carrier types may cause s 
pneumonia, and “ infective ” types are carried by healthy persons. 

Carrier types are established in the throat in early life (see Sutliff and ^ 

and are found there at all ages. Carriage of any one type may persist or ^ 

ei al. 1939), though the type may be detected only intermittently. erera 
be carried by one person ; up to seven have been recorded. In a ea y 
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though this is an insecure criterion for differentiation, no really satisfactory 
basis of classification has been developed. A number of investigators have at- 
tempted classifications by means of carbohydrate-fermentation reactions. Many 
strains otherwise apparently identical differ, however, in fermentative reac- 
tions, and many cultures change in reaction after prolonged artificial cultiva- 
tion. These variations make it doubtful whether such reactions are of any 
more value than morphological and colonial characters which are also subject 
to considerable variation. Efforts to classify the lactobacilli on the basis of 
metabolic activity have been more promising. 

Bergey (1948) recognizes fifteen species, differentiated on a physiological 
basis, viz., 


CO Homofcrmentative, i-e., producing lactic acid primarily. 

CA) Optimum temperature of 37' to 60° C. 

CO Acid from lactose 

(a) Optimum temperature 37* to 45* C. 

0) Produce levo lactic acid 

Lactobacillus caucasicus 
Lactobacillus lactis 

(ii) Produce inactive or dextro lactic acid 
Lactobactllus helveticus 
Lactobacillus acidophilus 
Lactobacillus bifidus 

(b) Optimum temperature 45* to 62* C., usually maltose not fermented 

Lactobacillus bulgaricus 
Lactobacillus thertnophilus 
(2) Lactose not fermented 

Lactobacillus delbrueckit 

CB) Optimum temperature 28* to 32* C. 

Cl) Acid from lactose 

Ca) Produce dextro lactic acid 

Lactobacillus casci 
Cb) Produce inactive lactic acid 

Lactobacillus plantarum 
C2) Lactose not fermented 

Lactobacillus leichmannii , , 

CIO Heteiofermentative, i e., producing considerable amounts of products ot er 
lactic acid, viz., carbon dioxide, acetic acid, alcohol. 

(A) Optimum temperature 28* to 32® C.; usually ferment arabmose 
CO Raffinose not fermented, sucrose and lactose usually not rerme 
Lactobacillus brevis 
C2) Ferment raffinose, sucrose and lactose 

Lactobacillus buchneri 

Lactobacillus pastortamis r 

CB) Optimum temperature 35’ to 10" C. or higher; arabiniM u 

mented 


Lactobacillus fermenti 


The serological relationships of a number of species have een s . 
several investigators. Harrison and co-workers, 5 using strains o J^jjshan 
studied their polysaccharide precipitation reactions in an effort to ^ j m . 
immunological classification. They reported the existence of our 0 
munological types but indicated later that some strains are unsta e, 

a Harrison at al.-. Jour. Inf. Dis., 1939, 65-255, M- 70 ' 69 ’ ' W ' ' 942 ' ? 
Jour. Dent. Res., 1944, 23 1. 
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Aa regards the infective types, though it is possible that a persistent carrier may 
succumb to infection with his own type, there are many examples of epidemic outbreaks 
in which the responsible pneumococcus apparently infects from without ; that is, in which 
acute lobar pneumonia spreads by contagion. When we study the carrier rates for the 
infective types we find, in accord with the notion of their relatively high virulence, that 
high rates are associated with outbreaks of pneumonia. Thus in institutional outbreaks 
of Type I pneumonia, Type I carrier rates of 10 and 30 per cent, have been recorded 
{Stillman 1916, Strom 1932). Dauer and others (1941) observed that in a group of 60 boys, 
five of whom had a Type II pneumonia, the healthy carrier rate for Type II was 44 per cent. 
It is clear that “ infective ” types can spread through a community. Indeed Andrews 
(1937), in a survey of pneumonia of infants due to a wide variety of types, found that 
the types associated with the highest incidence of pneumonia in infected persons, and 
with the highest case fatality, were also most frequently isolated from the throats of 
family contacts. 

The relation of the carrier state and prevalence of pneumonia is well illustrated in 
Smillie and Jewett’s (1940) survey of familial outbreaks of pneumonia. They found 
that, whereas the carrier rate for earner types like XIX or XXVII-was similar for contacts 
and non-contacts of Type I and Type II pneumonias, the Type I carrier rate in Type I 
contacts was 10 per cent., but only 0 8 per cent, in non-contacts ; in Type II outbreaks the 
corresponding Type II carrier rates were 7*4 per cent, and 0-3 per cent, (see also Rogers dal. 
1941, 1943). 

It is noteworthy that high carrier rates are often found simultaneously with outbreaks 
of pneumonia, and that a high carrier rate for a given type may even precede an outbreak 
(Stebbins et al. 1940 , Bee also Smillie and Jewett 1942). Acute lobar pneumonia is but 
one manifestation of the spread of a virulent pneumococcus ; other observed manifestations 
are the healthy carrier state, infection of the upper respiratory tract, conjunctivitis, otitis 
media, and mild atypical pneumonia (see Gilman and Anderson 1938, Plummer and 
Ensworth 1941). The concentration of carriers, as in infections by other bacteria, to some 
extent determines the appearance of manifest disease. Thus, m the school outbreak 
recorded by Dauer and others (1941), pneumonia appeared in the group of boys vith a 
44 per cent, carrier rate, but not in groups with lesser rates (sec also Mackenzie et al 1910). 
This relation, however, is by no means found consistently. Stebbins and his colleagues 
(1940), for example, record an epidemic prevalence of a Type V pneumonia in the absence 
of a continued high carrier rate, and in another population a high carrier rate of Type 
without the appearance of Type VI pneumonia. 

The available evidence, then, indicates that acute lobar pneumonia is a con 
tagious disease, which is spread by carriers and by persons with a variety of pneumo 
coccal infections of the respiratory tract, including acute lobar pneumonia it#* 
Certain types of pneumococcus appear to infect more readily than others, u ^ 
have little precise knowledge of the circumstances that determine infection o 
lung in a given person. 

The Treatment ol Pneumonia with Antipneumococcal Serum. 

In between the two w’orld wars antiserum provided the only specific mean 1 ’ 
combating pneumococcal infection With the introduction, however, o t e su ■ P ^ 
namides and of penicillin, the cumbersome and not very effective met 00 
ment by antiserum rapidly passed into disuse and for all practical purposes i ^ 
merely of historical interest. We do not propose therefore to give ^ 

brief outline of the method. Those of our readers who are mteres e 
referred to an analysis of the results that was included m the 3r e i ion 

book (pp. 1675-81) . aintcd in 

The prophylactic and therapeutic value of antiserum was emon 
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immunological specificity occurring apparently in association with changes in 
fermentation reaction. Application of the agglutination reaction to the serolog\ 
of the lactobacilli is hampered by a strong tendency to spontaneous agglutina- 
tion, and earlier workers obsened a marked serological heterogeneity Wil- 
liams/' 1 ' however, using filtered antigens and cross agglutinin absorption, has 
demonstrated the presence of four well-defined agglutinogens, designated A. 
B, C and D, whose distribution corresponds closely with the polysaccharide 
types of Harrison There is evidence that cultures Irom the intestine include 
types identical with those obtained from the mouth 

Physiology. The lactobacilli are nncroacrophihc or anaerobic on primary- 
isolation but after continued cultivation some strains will grow in the pres- 
ence of air. Their nutritional requirements are complex and most strains 
cannot be cultivated on the usual nutrient or infusion media unless these are 
enriched by the addition of glucose or whey These requirements have been 
studied in some detail and Iactobacillus strains arc frequently used for the 
microbiological assay of vitamins. For example. Dunn, Shankman and their 
co-workers, “ m a study of the ammo acid and vitamin requirements of 
twenty-three representative strains, found that individual requirements for 
amino acids varied from two to fifteen, and that pyndoxinc, thiamine, ribo- 
flavin, biotin, folic acid, pantothenic acid and nicotinic add arc required 
in general, individual requirements, of course, differing 

Pathogenicity. Aside from a relation to dental caries (see below), the 
lactobacilli arc generally regarded as non pathogenic and arc of interest 
largely in the dairy and fermentation industries. There arc, however, reports 
in the literature of endocarditis caused by lactobacilli and febrile conditions 
apparently causally associated with a bacteremia/ These arc perhaps a con 
sequence of invasion from a dental lesion, a bacteremia may not be uncom 
mon but pathological consequences seem to be very rare. The intestinal 
lactobndlh are a part of the normal flora as noted elsewhere and bear no 
relation to diarrheal disease. 

laictohnrilliift Acldnpliilti*. First cultivated by Mom in 1900 from the 
feces of infants, this organism has been isolated from the intestine of nearly 
all the mammalia, many other vertebrates and some of the invertebrates 
It increases in the intestine when the carbohydrate content of the diet is 
increased and mav become predominant when a milk diet is administered.* 
These bacilli, fairly large and of variable length, arc arranged singlv, in 
pairs frequently slightly bent at the juncture, and in palisades (Fig I OS) 
Ding chains, filamentous forms and club shapes arc not uncommon Young 
cultures stain uniformly gram positive. Old cultures, however, often show 
leading or bipolar staining and nnv be easily destamed so that they appear 
to be gram negative. Colonics, usually smill. may varv in shape lx- 1 wren a 
smooth, rounded opique form and a flattened, translucent, irregular form 
often having a ground glass appearance Fermentation reactions arc variable. 

*• Williams Jixir Inf Do. 194*. S’ 4| 

• !>unn. Sh»nlm«n ri «!.- frmr Ilt-J. Clim . 1947. If.* 1.24. 

* ni«ra arx! Srj-pilli Anj T«J (Sin 1*144, 2 s J4J. Inf. Do. 1947, 

s»112. 

•ItriUTT *0*1 OifjJin A m the Trjntfnr^tJfvm cf t)>e f»nrirr»J I7t*i wi'I« 

Sp-ci «I Urjfmef to »!•* rf Ha «'!••» Nw Hum I'll? 
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Chemotherapy oi Acute Lobar Pneumonia.- Since the demonstration of its 
efficacy in lobar pneumonia by Evans and Gaisford (1938), sulphapyridine or one 
of the other sulphonamides has been used widely and successfully in the treatment 
of all kinds of pneumococcal infections. As we have seen in Chapter 54, there is 
every reason to believe that different processes are concerned in the antibacterial 
action of sulphonamides and of specific antibody. We might therefore on a prion 
grounds expect that the two together would be more effective than either alone 
On this subject, however, both the experimental observations in animals and the 
natural observations on human patients yield rather discrepant results. In some 
instances a synergic effect appears to have been demonstrated : in others the addition 
of the serum seems to have been without benefit (see Finland and Brown 19396, 
Wright and Gunn 1940, Finland 1942). The results obtained with sulphonamides 
alone, or with penicillin, are now so good that antiserum, though theoretically 
valuable in bacteraemic cases, is in fact no longer used. 

Mention should perhaps be made of the enzyme treatment of infections caused by Type III 
pneumococci. Antipncumococca! serum against this type proved ineffective, but promising 
results were obtained with a bacterial enzyme prepared by Dubos and Avery (1931) 
that acted on the specific polysaccharide. A curative action was demonstrated in mice, 
rabbits, and monkeys, but the treatment does not appear to have been extended to human 
beings (see Goodner et al. 1932, Francis et al. 1934, Dubos and Bauer 1935). 


Prophylactic Immunization against Pneumonia. 

The records of antipneumococcal immunization in laboratory animals are 
copious, and their significance is unequivocal. It is clear that susceptible animals, 
such as mice and rabbits, can be immunized with almost uniform success against 
infection by the usual routes. More immediately pertinent, perhaps, are the 
observations of Cecil and Blake (I920d, b, c) and Cecil and Steffen (1923, 1925), 
which showed that monkeys could be immunized with a considerable measure of 
success against intratracheal infection with Type I or Type II pneumococci, though 
the results with Type III were less promising (see also Chapter 50). 

As in serum treatment, however, all the evidence suggests that the immunity 
acquired is predominantly type-specific ; and it is clear that, with so heterogeneous a 
species as the pneumococcus, this factor must seriously limit the usefulness of mas 3 
immunization. It is possible that vaccination against a few prevalent types mig 
produce a significant decrease in the incidence of the disease, even though iy M e 
to eliminate it, or to reduce it to negligible proportions ; but this we can on y « 
by experience. 

The records of field trials on man tell a rather puzzling story. The frequen y 
of lobar pneumonia, though very high in the aggregate, is not concentra e o 
particular age groups or confined in considerable part, as are diphtheria an sc ^ 
fever, to schools and institutions. There are, however, certain environmen 3 
entail a particularly high risk of infection ; and, in some of them, trials have 
carried out on a considerable scale. . , 

The three main groups of field trials that have been carried out are 
Lister (1917) among the native labourers on the Rand mines (see a*o r< ^ ^ , 
1931) ; by American Army workers during the first world war (see cci 
and on Indian troops in the Baluchistan district (see Malone 192 , W as 

In none of these trials was unequivocal evidence of protection obtamcc , ^ • g c 
success recorded when vaccines of whole bacilli were replaced bj t 10 7P C 
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Lactobacillus 

but most strains produce acid, no gas, from glucose, lactose, maltose and 
sucrose, and coagulate milk within forty-eight hours. The organism is used 
in the preparation of acidophilus milk, a buttermilk with considerable 
acidity, for which a number of therapeutic claims have been made. 0 Doder- 
lein’s bacillus (1892), (Bacillus vaginalis, Bacillus crassus ), a common con- 
stituent of the flora of the vagina and believed to aid in the natural defenses 
against infection by contributing to the acidity of the vaginal secretions, is 
thought to be identical with L. acidophilus. 

Lactobacillus Bifidus. Apparently closely related to L. acidophilus and 
often difficult to distinguish from it, L. bifidus is usually a thinner rod 
with ends somewhat more tapering and sometimes bifurcated (Fig. 109). 
It was isolated from feces of breast-fed infants by Tissier in 1900. Although 
common in the intestine of breast-fed infants, sometimes reaching over 90 
per cent of the total intestinal flora, it is less conspicuous in the intestinal 
contents of bottle-fed babies. It is sometimes found also in the feces of 



Fig. 109. Lactobacillus bifidus. Note the Y-shaped forms (Dack). 


adult animals, including man. Antigenically it is closely related to L. act 
ophilus and like it produces acid, mainly lactic, from a number of • 
Unlike the latter, it usually ferments inulin. It is anaerobic on P nnw ) 
isolation and some strains never grow well under aerobic conditions ro ' 
is enhanced by cystine. Partly because of its anaerobic requirements, 
sometimes classified with the Bacteroides. Tissier also isolated rom e 
infants a similar organism ( Lactobacillus cxilts ) which diifers rom ^ 
in the possession of a more regular morphology and in greater aci , 
growth under aerobic conditions. , •plated 

Lactobacillus Bulgaricus. This name is given to an organism 
by Grigoroff in 1905 from Bulgarian fermented milk. It trc _ 

nence through the work of Metchnikoff, who believed that in es . m 
faction could be restrained by drinking milk fermented y . ** , . j 
When it was later shown that L. bulgaricus does not become^ ^ ^ 

^htlus, slight!)' 


the intestine, its use in experimental therapeusis was dropped 


L. aetdophilus. More difficult to cultivate than L. nc, ? w ,T”’ n ’ e ' iert ] 1 ’ e ]css 
larger and somewhat different in sugar fermentations, it is 

. Weiss: Lactobacilli* 

9 For an analysis of this subject see Rettger, Levy, Weinstein an ^ j^en. 1935 
acidophilus and Its Therapeutic Application. Yale University re , 
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ACUTE RESPIRATORY INFECTIONS 


' Felton and Prather (1939) record that in man a negative reaction to an intradermal 
injection of a compound of specific polysaccharide with homologous antibody may be 
used to indicate the presence of antibody in the circulation. It remains to note that the 
presence in the serum of the “ C-reactive ” substance during the acute stage of pneumonia 
and other febrile diseases (see Chapter 49) is accompanied by a skin reactivity to the 
C-substance of the pneumococcal cell (Francis and Abernethy 1934). 

Pneumonia in the Lower Animals due to H. bronchisepticos 
In 1911 M'Gowan isolated H. bronchisepticus from the respiratory tract of a number 
of dogs, cats, rabbits and guinea-pigs. He regarded the organism as a primary cause 
of canine distemper— a view that has since been disproved (see Chapter 88). H. bronchi- 
septicus is now known to be a frequent cause of infectious pneumonia in the lower animals, 
particularly in guinea-pigs (Smith 1913). It is present often in pure culture in the bronchi. 
Injected intraperitoneally into guinea-pigs in a dose of 0 5 ml. of a 24-hours’ broth culture 
it causes death in 24 to 48 hours ; post mortem there are small hemorrhages on the peri- 
toneum, and a viscid translucent exudate forming pseudomembranes on the liver, spleen, 
and the less mobile parts of the intestine ; the bacilli are easily recovered from the peri- 
toneal cavity, but with difficulty from the blood, liver or lungs. Subcutaneous injection 
produces a local lesion only ; feeding and inhalation are without effect. The organism 
is non-pathogenic to mice. It rapidly loses its virulence in culture outside the body. 
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closely related. Sherman and Hoge hare reported 10 that L bvlgartcus rarely 
grows at 15° C., dies out on repeated culture in a lactose-peptone-yeast 
extract broth, is unable to grow in media containing 2.5 per cent NaCl and 
fails to grow in broth at pH 7 8, while L acidophilus will grow under all 
these conditions. The Boas-Opplcr bacillus, first seen m 1895 in the gastric 
juice of patients suffering from carcinoma of the stomach and cultivated 
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Fig 110 Fig. 111. 

Fig. 110. Ground section of human tooth enamel showing an unstained bacterial 
plaque growing on the surface Note the enamel rods and filamentous bacteria X 1200 

CB fh y g n n Ground section through an early carious lesion in human tooth enamel stained 
with gentian violet. Note ihe intimate contact of the bacterial plaque with the eroding 
surface. X 500 CBlayney). 

by Heinemann and Echcr 11 from patients with this and other gastric diseases, 
is a member of this group, similar to, if not identical witii L htdgartcus 


DENTAL CARIES 

There is much disagreement concerning the basic factors responsible for 
susceptibility and resistance to dental decay, and there is a wide diversity of 
opinion as to the relative importance of general systemic conditions, diet, 
bacterial flora of the mouth and various local factors in the oral environment. 
Nevertheless, it has been well established that certain microorganisms, par- 
ticularly members of the lactobacillus genus, are usually associated with the 
disease and, although there is not as jet direct experimental proof, consider- 
able indirect evidence has been adduced to indicate that this association is 

w Sherman 3«d Huge: Jour Bact , 1940, 40 11. 

** Heinemann and Echcr Jour. Baa., 1916, 1.435. 
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Single species have been given a variety of generic names, including 
Bacillus, Bacterium, NecrobaciIIus, Bacteroides, Coryncbactenum, Strepto- 
thnx, and Actinomyces Descnptiops of these bacteria have been compiled 
by Weinberg, Nathalie and Prevot,' 1 ’ and Prcvot- 7 has suggested a more or 
less elaborate classification In the absence of further information neither the 
relation of these anaerobic forms to other bacteria nor their relation to one 
another can be satisfactorily formulated, and they will be discussed here 
under the single generic name Bacteroides. 

Those forms which are present in great numbers in normal feces will 
grow upon the usual laboratory’ media. Those which are associated with 



Fig. 116. Bacteroides fuitdulifornns. Electron micrographs Right, a pair of cells resulting 
from simple fission, fixed in formalin, X 3300. Left, swollen cells containing granular 
material, especially in the swollen areas, fixed in formalin, X 4900. CSmith, Mudd and 
Hilher, Jour. Bact., 1948, 56 603. 

pathological processes in man, however, arc nutritively fastidious and require 
infusion media enriched by the addition of blood, yeast or vegetable extracts 
and similar substances, together with glucose and cysteine. In some cases 
they may be isolated on beef or veal infusion blood agar. Some strains grow 
in ammo acid media supplemented with all the known bacterial vitamins, 
pyruvic acid appears to be of considerable importance in the nutrition of 
these organisms. The optimum pH is 6.3 to 7.0 and the optimum temperature 
for growth is 37° C. Completely anaerobic conditions arc essential and growth 
is favored by the presence of carbon dioxide 

The better know n of these bacteria may be described briefly’. 

ItncterniiU‘9 Fiinifnrim9 QBaciUus fusiforinis, Fusiforinis fusiforinis, Fttso- 
bacterium planti-vincenti"). These fusiform bacilli arc found in ulcerative 
Weinberg, Nativclle and Prevot- Let Microbes Anaerobies. Masson et Cie , Paris. 
1937. 

27 Prcvot Mamie! de Classification et de Determination Jes Bacteria Anaerobies. Mono- 
graphics de l’lmtitut Pasicur. Masson cl Gc., Pans 1940. 
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stomatitis (trench mouth) and Vincents angina. Their relation to the spiro- 
chetes with which they are usually associated is considered elsewhere (p. 
735). These forms are regarded by Bergey as the type species of the genus 
Fusobacterium. They appear as slender rectilinear or incurving bacilli and 
frequently assume a filamentous form. They are gram-negative and tend 
to stain irregularly with the ordinary aniline dyes. Acid but no gas is pro- 
duced from dextrose, levulose, sucrose, maltose, and sometimes from lac- 
tose. They may be isolated on blood agar incubated anaerobically, and the 
colonies are small and surrounded by a zone of green hemolysis. Bacteroides 
fusiformis is not pathogenic for experimental animals in pure culture, but 
in mixed culture produces abscesses. 

Bacteroides Fragilis ( Bacillus fragilis, fusiformis fragilis ). This bac- 
terium was found by Veillon and Zuber in twenty-two cases of appendicitis 
and since has been found in lung, pelvic and hepatic abscesses, in septicemias 
with metastatic abscesses, and in infections of the urinary tract. The cells 
are small, slender rods, sometimes slightly curved. They are gram-negative 
and non-motile. Bacteroides fragilis is difficult to isolate hut will grow on the 
usual labors torj' media. The colonies are small (less than 1 mm.) and trans- 
parent. No hemolysis is apparent on blood agar. There is a marked tendency 
to autolysis with apparent resorption of the colonics and broth cultures ate 
no longer viable after seven to eight days’ incubation, A variety of sugars are 
fermented to acid and gas. The pathogenicity of this bacterium for experi- 
mental animals is uncertain. 

Bacteroides Funduliforntis (Actinomyces necrophorus, Fusiform 
uecrophonts, Streptothrix nccrophortis, Bacillus necrophorus, Corynebnc 
terium necrophorum, Schmorl s bacillus). These bacilli have been found w 
abscesses of the liver, lung and other parts of the body, in chronic ulceratue 
colitis and in the blood stream. Infections with these microorganisms are 
probably more common than is generally realized. Bacteroides /mmii ! / on ' _ 
has also been Found in lower animals as in bovine liver abscesses, i c 
are highly pleomorphic, slender straight and curved rods may he oun jn 
mingled with filamentous and swollen forms, and ghost cells w ic 
stain are frequent (Fig. 115). There is a marked tendency to ivrcgu a ^ 
mg and the bacilli are gram-negative. The colonies on blood agar are ' 
in size from plate to plate and surrounded by a zone of green c ^ 
which may become dear upon prolonged exposure to the am uc ’ 
tose and levulose are fermented to acid, and there is no cu ence 
lytic activity in gelatin or coagulated egg-white cultures, bomc s r 
rise to a spreading necrotic lesion upon subcutaneous injection m . ^ 
which is usually fatal, while others produce only a localize esi 
pigs are relatively resistant. . r /»inostw'. 

Bacteroides Ramosum (Fusiformis ramosus, Ratmbac ern somC . 
Bacillus ramosus. Not to be confused with Bacillus ramosns. * present 
times applied to Bacillus inycoides ). These bacteria are rcc ^, ary pan- 
in the pus of appendicitis and have been encountered in P ^ n{ .| ljng y 


in the pus of appendicitis and nave t>een , j ljn g 

grene ~ s They appear as small, slender rods which often s , ramostitit 
forms and pseudofilaments. They are gram-positive, ac e 
s'* C/. Jour. Amcr. Med. Assn., 1937, J 08-1902. 
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if used in reference to non-febrile infections with Brucella organisms, which are 
now being recognized as increasingly common. Hence the term Brucellosis has 
been suggested on analogy with tuberculosis, to apply to all types of Brucella 
infections, febrile or non-febrile, overt or latent, in animals or in man. This 
term has little to recommend it, since these considerations apply almost equally to 
diseases caused by other infective agents. We prefer ourselves to use instead 
the term “ Brucella infection.” 

For the sake of clarity we propose to give a separate description of the epide- 
miology of undulant fever in man due to the three type organisms. We shall 
deal first with infections caused by Br. mdtiensis, including in our description the 
general symptomatology and bacteriology of the disease. 


Undulant Fever due to Br. melitensis 

Synonyms : Malta fever, Mediterranean fever, Neapolitan fever, Country fever 
of Constantinople, New fever of Crete, Rock fever of Gibraltar. French: 
Mililococcic. 

Quoting from the classical monograph of Hughes (1897) : 44 Clinically, the 
fever has a peculiarly irregular temperature curve, consisting of intermittent waves 
or undulations of pyrexia, of a distinctly remittent character. These pyrexial 
waves or undulations last, as a rule, from 1 to 3 weeks, with an apyrexia! interval, 
or period of temporary abatement of pyrexial intensity between, lasting for 2 or 
more days. . . . This pyrexia is usually accompanied by obstinate constipation, 
progressive anaemia, and debility. It is often complicated with, and followed by, 
neuralgic symptoms referred to the peripheral or centra! nervous system ; arthritic 
effusions ; painful inflammatory conditions of certain fibrous structures, of a 
localized nature ; or swelling of the testicles.” Numerous clinical types are recog- 
nized, such ns the malignant, the undulatory, the intermittent, and the irregular 
type. In addition, there are subclinica! infections, which can be diagnosed only by 
bacteriological methods, and infections that may remain latent for weeks or months 
before flaring up or retrogressing. For a description of these the reader is referred 
to Mars ton (1803), who first separated Malta fever from other fevers, to Hughes 
(1897), whose clinical study has never been improved upon, and more recently to 
Rainsford (1935) and Lisbonne and Janbon (1935). Several complications may 
occur, beyond those already mentioned, including osteomyelitis, which usua y 
take the form of localized bone abscesses, bronchitis, and acute inflammation o 
one or other of the visceral organs (sec Michel-Bechet et al. 1939). . 

The commonest symptoms arc probably asthenia, fever, muscular and articu ar 
pains, nocturnal sweats — often drenching — anorexia, constipation, nervous irn 
lability, and chills or rigors (Taylor and Hazemann 1932). 

The incubation period is variable. It may be as short as a week or as 
several months. Most commonly it is 10-30 days. The duration of t e i n 
varies from a few days to over a year, 3 months being the usual time. 

Bacteriology. 

Bacteriologically, the work of Bruce (1887, 1888, 1893), of Hughes G893, 1 ^ 
and of the Mediterranean Fever Commission (Report 1905-07) showe 
disease was a septicaemia. Working in Malta, Bruce (1893) was able on sU k sc , 
8 ion 3 to grow the organism from the juice obtained by splenic punc ure, 
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Fig 117. Reproduction by large bodies in Bacteroides fundutiformu. In liquid media 
the cells deielop rounded enlargements CO "htch increase in size (2) to yield large 
round bodies (4-9). These germinate by extrusion of multiple filaments (3). Note that 
the filaments are sheathed with the cell wall of the large body. The intracellular dark 
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neither water, milk, nor any other article of food seemed to be responsible in 
any way; he favoured a theory of contagion, either direct or through the agency 
of mosquitoes. ° J 

It was left to Zammit of the Malta Board of Health, and a member of the 
Commission on Mediterranean Fever, to indicate the true path of infection. In 
his first communication (1905) he reported that 5 out of 6 goats which he had 
examined gave a positive agglutination reaction to Br. melitensis. From the 
blood of two of these animals, he succeeded in cultivating the actual organism 
itself. Horrocks (1905) rapidly confirmed this, and further demonstrated the 
frequent presence of Ur. melitensis in the milk and the urine of apparently healthy 
goats. Kennedy (1905), who examined the blood serum of 161 goats from 8 
different herds, demonstrated the presence of specific agglutinins in no fewer than 
84 or 52*2 per cent, of specimens. This high incidence of infection was found 
to exist not only in the public herds, but in those animals that were kept privately 
under special care. 

As it was evident that goats ’ milk was probably the main source of infection, 
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Undulant Fever in Malta 
(Taken from Eyre 190S, 1912). 



Civil. 

Navy. 

Army. 



Deaths. 

Cases. 

Deaths. 

Cases. 

Deaths. 

1901 . . . 

642 

64 

252 

3 

253 

0 

1002 . . . 

G24 

45 

354 

2 

155 

6 

1003 . . . 

680 

48 

339 

6 

404 


1904 . . . 

673 

69 

333 

8 

320 


1905 . . . 

663 

88 

270 

7 

643 


1900 . . . 

822 

117 

145 

4 

163 

2 

1907 . . . 

714 

78 

12 

0 

9 


1908 . . . 

602 

7 

6 

— 

6 


1909 . . . 

456 

7 

10 

— 



1010 . . . 

318 

! 

3 
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it was desirable to ascertain on a large scale the proportion of infected aniiM 
For this purpose, Zammit’s test was found to be of great value. It consw a w 
observing the presence of agglutinins, not in the blood serum, but in the mj ' ® 
the goats, The proportion of infected goats judged by this test is much 
than that given by the serum agglutination test, since only 60-85 per cen . 
the animals showing blood agglutinins also contain agglutinins in t eit ® 
Zammit (1906) examined 710 samples of milk, and obtained 133 positive rea . c . 1 • 
From every milk giving a strong reaction he was able to isolate Br. w 
in culture. Horrocks and Kennedy (1906), who made numerous mvea 
both by the serum and by the milk agglutination test, came to the ® on . , 
that 41 per cent, of the goats in Malta were infected, and that 10 per cen . o 
that supplied milk were excreting Br. melitensis. It was found dimeu o re ^ 
the infected animals on clinical grounds ; they did not suffer rom a * , ort 

and though some showed loss of weight, a thinning of the coa , an ... MS 
hacking cough, others remained perfectly well and displayed no sign 




Bartonella 

is pathogenic for experimental animals, giving rise to abscesses in rabbits and 
guinea pigs on subcutaneous injection; fatal infections are produced by 
intravenous inoculation. 

Bacteroidcg Mclamnogcnicum (Rhtella mehninogenica). This micro- 
organism has been found in the mouth, tonsils, infected abdominal wounds, 
focal infections of the kidneys, in stools from patients with chronic amebic 
dysentery, and in puerperal sepsis. It is described by Burden- 3 as a very small 
gram-negative diplobaciUus. On blood agar its colonies are black owing to 
the slow (four to five days) formation of a mclanin-like pigment. Bad. 
luelau'mogcnicum grows well in mixed culture, but sparsely in pure culture. 
It is difficult to obtain in pure culture and, when admixed with other bac- 
teria in a colony', colors the entire colony black. Acid is formed from dextrose, 
levulose, lactose, maltose, sucrose and mannitol. It is markedly proteolytic 
and rapidly digests coagulated serum and other native proteins. Its patho- 
genicity as a primary invader is uncertain. 

Bacteroidcs Pncumosiuics (Diafister pieutuosintes). Bactcroides pmi* 
mosintes was described by Olitsky and Gates 30 3S the causal agent of influ- 
enza. Now known to bear no relation to this disease, its pathogenicity for 
man is uncertain. It may be cultured from nasopharyngeal washings in 
Smith-Noguchi medium (human ascitic fluid containing a piece of sterile 
rabbit kidney, and covered with a petrolatum seal) and after a few transfers 
will grow anaerobically on blood agar, chocolate agar and Bodet’s medium 
These bacteria are minute bodies arranged singly, in pairs, or in snort 
chains; they are non-motile and gram-negative. Because of their small size 
they pass Bcrkefcld V and N filters. They produce acid but no gas from dex 
nose; other sugars ate not fermented. U mass cultures are injected mtra- 
tracheally into rabbits there is a rise in temperature and sometimes a con 
junctivitis and mononuclear leucopenia with recovery in two or three days. 
If the animal is sacrificed the lungs are found to be edematous with hemo 
rhages on the surfaces. Bad. ynenuiosinies is not pathogenic for monkeys. 


BARTONELLA 

Bartonella Bacilliforjtiis. Oroya fever, an infectious anemia, an< l^ 
ruga peruana, a disease characterized by miliary' or nodular eruptions, a 
existed for centuries in certain districts in Peru, and recently »\c 
found in Colombia and Ecuador. It was shotvn by Carrion, t r0 . u ^ ^ 
self-inoculation, that the two arc stages or manifestations or a sing e 
which is now commonly known as Carrion's disease. The etioogic ag 
a small pleomorphic bacillus which was observed by Barton^m 
named Bartonella bacilli fonttis by Strong, Tyzzcr and Scuarus. motile. 
Morphology and Staining . Bartonella bacilliformis is a $m ’ 5 - n 

aerobic, gram-negative bacillus 0.2 to 0,5 n in diameter an cnc j 

length which is found as a slightly curved rod occurring sing y , ^. arneleft 
in pairs, and in short chains. A rounded ovoid form, 0.3 to A 


13:125, 361, 713, M. » 22 > 3SM 


29 Burdon- Jour. Inf. Dis., 1928, 42-161. 

30 Olitsky and Gates Jour. Exp. Med., 1921, 33:1 

ihd„ 1922, 36-501. . . ««»eAi*o6 

31 Strong, Tyzzer and Sell aids: Jour. Amer. Med. Assn , 
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virus had been recognized. It must of course be admitted that proof of the way 
in which infection spreads may not become possible till the identity of the parasite 
is known ; but apart from immunization of the host, measures for preventing 
infectious disease are as a rule most profitably directed to control or eradication 
of the reservoir of infection or to interference with the means by which infection 
is transmitted to the susceptible host. 

The second point of interest is that, in an epidemiological inquiry, it is harder 
to assess the importance of a given factor when it operates more or less uniformly 
throughout a population than when it is distributed in such a way as to afiect 
different sections unevenly. Both the epidemiologists who investigated the disease 
on Malta (Johnstone 1905, Davies 1906) reported that there was no evidence to 
suggest that infection was conveyed by food. Both of them overlooked the 
fact that a disease spread by an article of almost universal consumption, such 
as goats’ milk, would show little preference for any one class of the population, 
if the contamination of the milk were widespread and frequent rather than local 
and occasional. The clue to the problem was furnished by the bacteriologist. 
It was this second discovery, that a large proportion of goats contained agglu- 
tinins in their blood for Br. melitensis, which complemented the first discovery, 
that of the organism itself, and pointed out the way by which the spread of 
the disease might be checked. 

(For an excellent account of the epidemiology of Malta fever in the Royal Navy, 
see Dudley 1931.) 

Epidemiology in Other Countries. — The next most important bacteriological and 
epidemiological study of the disease has been made by Taylorand his colleagues in the 
South of France, working at the Undulant Fever Centre established at Montpellier by 
the Rockefeller Foundation (see Taylor and Hazemann 1932, Taylor, Lisbonne, and 
Roman 1932, Taylor, Lisbonne, and Vidal 1935, Taylor el al 1938a). The disease 
was found to be widespread m the south-east pf France, where sheep and goats 
are common and cattle are relatively few. The incidence in males was 2-3 times 
that in females, and was highest in the 15-45 age group. The occupational inci 
donee was very striking, the majority of the cases occurring in the agncnlt®® 
community, especially among those engaged in rearing sheep and goats. e 
seasonal prevalence was at its maximum in the spring, corresponding to the tim® 
of lambing and abortion. Though the consumption of goats' milk, and. of 
cheese made from goats’ or ewes’ milk, undoubtedly played some part in in ec j 
(see Carrieu and Lafenetrc 1932, Veloppe and Jaubert 1935), the evidence on 
whole suggested that infection most frequently resulted from direct contact 
infected animals and manure. In a population, however, living un er 
primitive conditions, and exposed to many different sources of infection, i . 
difficult to ascertain precisely the most important route by winch t e or ? 
isms gamed access to the body. The very interesting observation ivas m 
(Taylor, Vidal and Roman 1934) that cows in close contact with sheep ana g 
might become infected with Br. melitensis, excrete this organism for m ® n - 
the milk, and give rise to undulant fever in human beings consuming i 1 


raw condition. _ . , T . Sna : Q Greece, 

The disease affects several other countries, including Italy , p » , 

Transcaucasia, Algeria, Tunis, Palestine, Arabia, India, South A rica, ^7^ 
various parts of South America. Like Malta, Coraica and Sm y ^ ^ 
“ cted. In this country, owing to the absence of melitensis 
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is also observed singly, in pairs and in groups It stains reddish violet with 
Giemsa’s stain, sometimes showing a reddish purple granule at one end of 
a bluish rod. 

Physiology. This microorganism was first cultivated in semisolid leptospira 
medium and later in tissue culture and in the developing chick embryo, 
though it could not be carried in serial transfer in the last. Sparse growth 
occurs on cystine-dextrose-blood agar and apparently the X factor is required 
while the V factor is not Gieman 33 has developed a tryptone-serum medium 
in both liquid and solid form which supports excellent growth. Little is known 
of its physiological processes. 

Pathogenicity for Man. As indicated above, the disease occurs in two forms, 
the systemic form in which the red cells are infected, and the histoid cutaneous 


Fig. 118. Bartonella hacilltformis in human spleen. Note the huge numbers of the micro* 
organisms packed into the lining cells. Giemsa, X 1450 (Humphreys). 

form The two may exist independently, coexist or occur separately, though 
the usual course is the systemic form followed by the cutaneous form if the 
former is not fatal, or the cutaneous form alone. The first is a severe, often fatal, 
febrile anemia. The incubation period is given as about three weeks. The 
anemia is frequently severe, and the loss of red cells may be 200,000 to 300,- 
000 per cubic millimeter per day until the total count is half a million or less 
The anemia is thought to be due to the direct action of the microorganisms 
on the erythrocytes, including hemolysis, and to tissue hemorrhages. The feicr 
is of an irregular remittent type, and pain in the bones, joints and bead is 
common The case fatality rate is 20 to 40 per cent, death occurring in two to 
three weeks after onset With recovery the eruptive stage of the disease appears 
and persists for two to three months Whether it follows the systemic form or 
is the primary clinical manifestation of infection, this stage is characterized by a 
miliary* or nodular eruption; the former is by far the more common The miliary 
eruption is most common on the face and extremities, appearing as a macule 
winch becomes nodular and eicntually disappears leaving no scar. The 
nodular type of eruption det clops more slowly, the nodules may become 2 to 
** Gieman: Proc. Soc. Exp. Biol. Med , 1941, *47*329. 
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and Grihchess 1932, Messer 1932, Dettling 1932, Wade 1933, Hall 1933, Ru«s 1934, 
Kalbfleisch and Kalbfleisch 1935.) It will be seen that the incidenee’of the disease! 
calculated per million of the population, is much the same in Great Britain, Germany! 
Austria, Holland, and Sweden, but that it is considerably higher in Switzerland 
and Denmark In the United States undulant fever is known to be very prevalent, 
but as some of the cases are due to infection with Br. suit, and the antigenic structure 
of this organism is closely related to that of Br abortus (see Chapter 34), figures 
based on agglutination results are not strictly comparable with those just given. 
There is evidence to suggest that the different incidence m different countries is 
dependent to some extent on the frequency of contagious abortion in cattle, and the 
degree of exposure of the human population, though other factors undoubtedly play 
a part (Hcnncsson 1932, Olin 1935) Some of the difference is almost certainly more 
apparent than real, and is due to the much better diagnostic facilities available 
in certain countries than in others Most cases of undulant fever are sporadic, but 
occasional small outbreaks occur (Elkington et al 1940, Steele and Hastings 1918, 
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Proportion ok Widal Sera agglutinating Br. abortus to 1/80 or over, and Estimated 
Annual Number op Undulant Fever Cases about 1930. 

(Figures compiled from several papers in different countries ; for references, see text.) 


Country. 


No 


Estimated Annual 
Number of 

Ustlmatiil 
No. of Cases 

Examined 

Positive 

Positive. 

Undulant Fever 
Cases 

Population 

Great Britain 

3,175 

101 

3-18 

440 

11 

G era any 

9,397 

323 

3 44 

600 

10 

Austria 

9,693 

177 

1-83 

60 


Switzerland .... 

1,503 

91 

61 

340 


Holland 

4,500 

50 

Ml 

90 



4,623 

500 

10-82 

600 


Sweden 

— 

_ 


120 

20 


Andeison 1950) Further studies on the incidence of the disease may be consulte 
for Great Britain (Menton 1937, Soltys 1946, Dalrymple-Champneys 1950), 
slavia (Simitch and Djourichitch 1930). South Africa (Campbell and Greenfield 193 ), 
Canada (Dolman and Hudson 1938), United States of America (Jordan and BorN 
1946, Magoffin cl al 1949), and the Argentine (Molinelli et al. 1918). 

Latent Infections. — Besides definite clinical disease, Br. abortus gives rise to ® 
considerable amount of latent infection. Examination of Wassermann sera n* 
this country and in Germany shows that about 1-5 per cent, agglutinate £ 
abortus to a titre of 1 /40 or over. The titre is generally less than 1/160, an 'o 
titres, such as those yielded by the majority of sera from patients with un u a ^ 
fever, are uncommon. A certain proportion of these sera are derived from p* 
actually suffering from the disease. The majority, however, come from P e ^. 
with no clinical evidence of undulant fever. The probability is that t ese . a °® 
tinins are due to latent infections with Br. abortus. This _ inter P re ^ Ion ‘ ” ' L 
ported by two facts. The first is that agglutinins, even in a titre of 1/^U, 
present in the sera of persons who do not drink raw milk or cream, on ^ 
not exposed to contact with infected animals. The second is that gg 
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3 cm, in diameter and have a tendency to become strangulated. They are 
formed by the proliferation of the endothelial cells of the vessels which become 
obstructed with an inflammatory exudate of plasma cells and fibroblasts, and 
show a marked tendency to hemorrhage. 

Bartonella cells arc found in large numbers within the erythrocytes in 
Oroya fever and may be demonstrated in Gicmsa-s tamed blood smears. In 
both forms of the disease they arc found in the tissue macrophages, especially 
the vascular endothelial cells of the lymphatics, spleen and liver, often in 
large clusters within individual cells. It is reported that blood cultures are 
frequently positive in the systemic infection but it is not clear whether this is 
a reliable method of diagnosis. 

Epidemiology. Bartoncllosis is strictly limited geographically, being, so far 
as is known, exclusively American and tropical, occurring in the Andes be- 
tween latitudes 2° N. and 13° S. It is transmitted by Phlebotomns verrucamn 
and P, uoguchti in Peru; whether other species of Phlebotomus or other arthro- 
pods, such as Dcrmaccntor, arc natural vectors is not known. The reservoir of 
infection, other than asymptomatic infections and clinical disease in man, is 
not known but domestic animals, including chickens, and guinea pigs and 
held mice are suspected. 33 

Immunity. It is generally said that recovery from an attack of either form 
of the disease confers a solid immunity to both. With the cultivation of ■ " fl " 
ciUiformis, it has been possible to study the occurrence of circulating antibody, 
agglutinins, and investigate the possibilities of prophylactic inoculation 
1 lowc 11 has shown that agglutinins may be demonstrated during the eariy 
stages of the disease but, in spite of the lasting immunity, almost always is 
appear with the subsidence of clinical symptoms. Their diagnostic significance 
is not as yet known. 1 lowe and Hcrtig 35 have carried out a limited senes o 
inoculations with formalized suspensions of B. bacillifontiis with encouraging 
results. . u 

Pathogenicity (or Animals. In general experimental animals appear o 
highly resistant to infection with B. bacilli formis . Both the cruptwe an 
temic forms of the disease have been produced in rhesus monkeys, t e 


m spfencctomrced animals. . , 

Bartoncllosis of Animals. Naturally occurring battone! osis 
found in a number of animals, including the dog, cattle an 3 m, 
rodents The infection takes a systemic rather than eruptive form an j ' ec!onl r. 
latent but activated when host resistance is reduced as y sp 
The bartonella-like organisms of lower animals have been sepa . 
three genera, Haemobartonella, Grahamella containing but a sing 
(GrohriwelJn talpae') which differs from Haemobaitonena m t a . j s 
is not eradicated by treatment with arsenicals, and Eperyt l °j°? ’i )S p] a smo 
more highly pleomorphic than the first two groups and is oun * i an( j 
as well as in the erythrocytes. None of these forms have en 
all appear to be non-pathogenic for man. ^ ^ 

23 For an excellent review of the pre'ent status of human bartonel os" 

Ohcma Sanitaria Panatnectcana, 1943, 22:304. 72-147. 

ai Howe Jour. Exp. Med., 1942, 7S.65, Arch Int. Med.. 1945, 

33 Howe and Hertig Jour. Immunol., 1943. 47-471 
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to mild infection more or less continuously. Gnrrod (1937) drew attention to the 
susceptibility of Br, abortus to the bactericidal action of the gastric juice, and 
suggested that this might be one reason why undulant fever is not commoner than 
it is. It would be idle to pretend, however, that wc have any exact knowledge 
of the factors determining the course of infection in any given individual, and those 
who deny the pathogenicity of Br. abortus for man, because not every exposed 
person develops the disease, must be wholly unaware of the complexity of the 
equilibrium existing between host and parasite. The possibility that strains of 
Br. abortus vary in virulence must be considered, but so far there is no evidence 
to support it (see Birch and Gilman 1935, Olin 1935). 

Mode of Infection. — The mode of infection varies in different countries and in 
different parts of the same country. The main source is obviously cattle, and man 
becomes infected by consumption of raw milk or cream, or by contact with infected 
animals, either alive or dead. Generally speaking, the town population is exposed 
to infection from milk, whereas the country population is exposed to both milk- 
borne and direct contact infection. 

Numerous records in different countries show that a considerable proportion 
of samples of raw milk coming from infected herds contain living abortus bacilli. 
In Great Britain about 20-50 per cent, of herd samples are infected. Experience 
has shown that consumption of raw infected milk is attended by a certain risk of 
contracting the disease, whereas consumption of the same milk after pasteurization 
or other effective heat treatment is harmless. In London, where about 98 per 
cent, of the milk is heat-treated, and in the large cities of the United States 
where most of the milk is pasteurized, undulant fever 13 practically unknown. 
The cases that do occur are mostly among those who drink Tuberculin Tested or 
other types of raw milk, either at home or on a visit to the country. 

Several careful studies made in institutions and small communities supplied 
with infected raw milk have shown that a considerable proportion of the population 
develop serum agglutinins, that a small proportion suffer from sub-clinical and 
clinical forms of undulant fever, while, in a larger proportion, the infection remains 
completely latent. Removal of the infected animals, or pasteurization of the 
milk supply, is followed by cessation of clinical illness and by a gradual disap- 
pearance of agglutinins from the sera of latently infected persons (see King an 
Caldwell 1929, Hasseltinc and Knight 1931, Sasano, Caldwell and Medlar 193 , 
Dooley 1932, Johns, Campbell and Tennant 1932, Wilcox 1932, Carpenter and Bosk 
1933, Welch and Mickle 1933, Hall and Lcarmonth 1934, Cameron and Wells 19M. 
Stone and Bogen 1935, von Engel 1938, Elkington el al. 1940, Cruickshank an 
Stevenson 1942). 

It may be pointed out licrc that alimentary infection is almost always due to the eoi^ 
sumption of raw milk or cream. Butter and cheese, except when made from untrea * 
milk and consumed within a week or two, are probably inoffensive, since the or S arH * 
die out very rapidly as the result of lactic fermentation (Maz6 and Cesari 1931,^ 

lllinger 

mbing. 

is on record (Huddleson and Munger 1040). 

Contact infections are mainly occupational, occurring in towns among 
terers and meat packers, and in the country among the farming population. 
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Of these, the most commonly encountered is Haemobartonella mum which 
infects rats and is transmitted by the rat louse, Haematoptmts, and the rat 
flea, Xenopsylla cheopsts. The infection is very common and the great major- 
ity of laboratory rats are infected. The infection is latent, and may he pre- 
cipitated by splenectomy in an acute form with the appearance of parasitized 
red cells in the circulating blood Special strains of rats arc maintained bar- 
tonella-frcc for experimental purposes. Haemobartonella cams is the cause 
ol an infectious anemia of dogs and is transmitted by the dog flea. Cteuo- 
cephalus Haemobartonella tyzzen occurs in guinea pigs, Haemobartonella 
mtcrotii in the sole, Haemobartonella box'ts in cattle, and other species in mice, 
shrews and squirrels 

Eperythrozoonosis similarly occurs as a latent infection which is actuated 
by splenectomy Eperytlirozoon coccoidcs is a parasite of white mice and other 
species occur in wild mice. The disease also occurs in sheep and cattle and the 
causative organisms are Eperytlirozoon ovis and Eperytlirozoon wenyonii tc 
spectivcly. 

The Systematic Position of Bartonella. The relationship of these micro 
organisms to the bacteria on the one hand and to the rickettsiac and \ iruses 
on the other is of some interest. Among the bacteria the tendency to parasitize 
the cells of the host and appear as intracellular clumps of microorganisms is 
most marked in Pasteurella tnlarensis which commonly is found in an intra- 
cellular position. Bartonella shows a much more marked preference for intra- 
cellular parasitism and both in this respect and in morphology seems to be 
dosed related to the rickettsiac. It is generally agreed, however, that the rela- 
tionship is not sufficiently close to justify their classification as rickcttsiae 
and thev mnv he considered as lying between them and the bacteria. 

TI1E PI.EUROPNEUM ONIA-LI K E ORGANISMS " 

1 he first of an apparently more or less homogeneous group of highly pleo- 
morphic, filterable microorganisms to lx: described is the causative agent of 
bovine pleuropneumonia. Since its first study in 1898 a number of similar 
forms, both parasitic and saprophytic, base been found For want of a better 
name they ha\c been called the pleuropneumonia group or plcuropneumonia- 
lilvc organisms, though none of the rest produces pleuropneumonia in cattle. 
Their relationship to other microorganisms is almost completely unknow n and 
they hate been grouped with the druses by some because of their filternhihty, 
with the rickettsiac by others because of a predilection for an intracellular 
existence in the host, and, as indicated earlier, hv still others thev arc grouped 
with the .Ktinnmycctcs 

Morphology and Staining. There are probably few if any other micro 
organisms which arc as highly pleomorphic as these forms Impression prep 
arations of colonies show granules of various sizes, filaments which may be 
branched and contain streaming protoplasm, balloon and disc like struct mi's, 
ring, dub and star forms, and ameboid structures Filaments arc more numerous 
in recently isolated cultures and tend not to be formed in older stock cultures. 

I lie microscopic morphology of these forms is illustrated in a Gicmsa -stained 
J * Hi esc micrntfRiimtiw arc diveuwed in detail m the review b> Sabin Ract. Rev., 
1941. 5 l 
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Adult males are almost solely affected (Hasseltine 1930). Occasionally Br. suit 
infects cattle, and milk-borne outbreaks of undulant fever, without any special 
occupational incidence, are likely to occur (see Beattie and Rice 1931, Horning 
1935, Borts et al 1943), Brucella infection of pigs is far less common than con- 
tagious abortion of cattle. In consequence undulant fever due to Br. suis has 
hitherto been restricted mainly to the middle-west of North America, to Brazil, 
and to the Argentine (Molinelli et al. 1918) 

Diagnosis of Undulant Fever 

The occurrence of subclinical and atypical infections renders the clinical diag- 
nosis of undulant fever peculiarly difficult, and all observers are agreed on the fact 
that large numbers of cases are missed. The final diagnosis can be made only by 
bacteriological examination. In practice it is well to regard every case of pyrexia 
of undiagnosed origin as possibly due to Brucella infection, and to hear this dUease 
in mind during the investigation of acute and chronic inflammatory conditions 
in which the diagnosis remains doubtful. Help is sometimes afforded by a blood 
count, which usually shows a secondary anmmia, a mild leucopenia, and a relative 
lymphocytosis. 

Blood Culture.— In the febrile stages of the disease, an attempt should be made 
to isolate the causative organism from the blood stream. 

The patient’s blood should bo withdrawn while the temperaturo is elevated, and 
preferably during the rise of a pyrexia! wave. It should be distributed in 3-5 mi- 
quantities into two flasks containing 20-100 raL of glucose broth, serum broth, Bacto 
tryptose broth, or liver extract broth. Ono of the flasks should be incubated aerobically, 
the other in an atmosphere in which 10-25 per cent, of the air has been replaced by C0 r 
Subcultures should be made every 3-6 days on to a solid medium, and these should be 
incubated in the same atmosphere as the parent culture. Growth is often slow, and 
no culture should be discarded in less than 4-8 weeks. To guard against contamination, 
1/20,000 Victoria blue (Hauptmann 1937), or 1/700,000 crystal violet (Huddleson 1939), 
may be added to the culture. Two ml. of the patient’s blood may be inoculated intra- 
pentoneally into guinea-pigs {Poston 1938). If fluid blood is not available, blood dot 
may be ground up and cultured in the usual way (West and Borman 1945). (For other 
methods of culturing blood, see Elkelea and Fried 1932, Fainsford 1933, Hauptmann 
1935a, Stewart el al. 1935, McCullough 1949, Hostj’ and Johnson 1953.) 

Though blood culture is positive in a high proportion of melitensis and sku 
infections, not more than 10-20 per cent, of abortus infections prove positive J 
this method (but see Hosty and Johnson 1953). In melitensis infections the organ 
ism can often be isolated from the urine, provided repeated samples are examine 
(Kennedy 1905) Occasionally Br. abortus can be demonstrated in the bile (Amo'S 
and Poston 1930, Leave!! and Amos-s 1931), stools (Smith 1932b, Beattie et al. 1 > 

Goldstein et al 1936) and tonsils (Carpenter and Boak 1932, Poehna and Pic cns 
1932). . 

Agglutination Test. — The most generally useful method is the agglutination es , 
first introduced by Wright and Smith in 1897. 

Final dilutions of the serum should be put up ranging from 1/20 to 1/5120, 
aeclutinating suspensions strains corresponding to the prevalent type of infection in 
country. Only strains that are absolutely smooth, as judged by the thermoagg u ^ 
and acriflavine tests, should be chosen. The organisms should be grow n on iver e 
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sm< T m 119 and the ring forms are well shown in the electron micro- 
graphs in Fig. 120. The marked pleomorphism is due in part to the fragility o( 
the organisms, many of which are torn apart in making smears, and, as in the 
case ot Bacteroiaes funduliformis, in part a consequence of modes of reproduc- 
tron other than binary fission, e.g., that of the development of round bodies 
which become nodular with outgrowths that segment into daughter cells. This 
process has been studied in detail by means of electron micrographs by Smith 
Hilher and Mudd« and is illustrated in Fig. 122. Viable structures vary greatlv 
m size and include ultramicroseopic elements which are filterable. Edward” 
describes experiments on filtration through gradocol membranes (p. 844) in 
which the concentration of organisms in an emulsion was reduced from 10 s 
to 10 3 by passage through a membrane of APD 0.8 ^ This titer decreased 



Fig. 119. Two-day culture of Type A pleuropneumonia-like organism from mice in 
serum-dextrose broth. Note the rings and elementary bodies. Giemsa; X 1000 (Sabin, 
Baet Rev.). 


progressively with membranes of decreasing pore size but complete retention 
did not occur until a membrane of 0.33 /x was used. In contrast to this, 
the end point is usually sharp in the filtration of viruses. On the basis of these 
observations the diameter of the smallest viable elements was estimated to be 
165 to 247 m/x. Similar estimates vary somewhat for other strains, the agent o 
pleuropneumonia, for example, is 125 to 175 m/*. . 

These forms cannot be found in tissues by any method of staining. lC ) 
are not demonstrable in smears stained by the usual aniline dyes, ut are 
stained by certain polychrome stains, Giemsa and Castaneda s richettsia stain. 
Very thick films prepared from the sediment of centrifuged cultures are gram 
negative. „ , » 

On primary 7 isolation or change to a slightly different culture medfurn,^^ 
cultures sometimes, but not always, show no detectable evidence ot gr ^ 
and may be carried along by “blind passage” for several transfers ° ^ 
appears. Some strains show a uniform opalescence, others a granu ar yp- 
37 Smith, Hilher and Mudd: Jour. Bact., 1948, 56-589 
33 Edward. Jour. Path. Bact., 1940, 50.409. 
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evidence for this statement is not very satisfactory. Apart from tbo anamnestic reaction, 
winch is not likely to account for moro than a slight raising of the titro (see Amoia 1933)’ 
the most common cause of non-specific agglutination is the uao of a suspension made 
from strains that aro not absolutely smooth. Such strains aro often agglutinated by 
normal scrum, and apparently oven moro often by tbo sera of febrile patients. Their 
use in tbo past has been very common and has given rise to much confusion in the 
literature. On the other hand, it is stated that tho serum of persons who have been in- 
oculated against cholera may agglutinate Brucella to a titre ns high ns 1/1 GO (Eiscle el al 
1 917). With this possible exception it is generally permissible to conclude that an elevated 
titre to a smooth suspension is indicative of infection — latent, active or past— with an 
organism of the Brucella group. 

The failure of scrum from sonic nmliilnut fever patients to agglutinate Brucella ha? 
been ascribed by various workers to the occurrence of non-agglutinating or so-called 
agglutinin-blocking nntilKxlics (Griffitts 1947, Wilson and Mcmfield 1951, Schuhardt et al. 
1951). The blocking property is saul to he destroyed by heating the Berum to 66° C for 
30 minutes ; and sera containing the blocking antibodies may show agglutination if the 
test is carried out by the slide method or if the organisms are suspended in whole rabbit 
scrum instead of in saline. Alternatively the presence of specific antibodies may be re- 
vealed by’ making use of the technique described by Coombs, Mournnt and Race (1945), 
in which the organisms after exjKwtiro to tho patient’s serum are centrifuged, washed, 
resuspended in saline and treated with the serum of a rabbit immunized against hunm 
globulin. How important in diagnosis these blocking antibodies are, it is difficult to say. 
Most workers of experience will agree that, if the ordinary agglutination test is carried out 
cnrefully, and repented once or twice if negative, failure to demonstrate agglutinins in 
patients suffering from undulant fever is uncommon (see Magoffin et al. 1949, Spink and 
Anderson 1930) 

We may add that the drinking of milk containing antibodies is not followed in man 
by the ap|»enrnncc of agglutinins in the blood (see Boak and Cari>cntcr 1929, Peterson 
1035), nor is the ingestion of dead Brucella likely to give rise to agglutinins in normal 
persons, except perhaps in large doses (McCullough et al. 1949, Braude el al. 1949) 

(For references to interpretation of the agglutinin test, see Bayne-Jones 1930, Wihon 
1930, 1034, Banque and Senez 1932, Mngliulo 1933, Morellmi 1933, Sanfilippo 1933, Mohr 
1933, Hauptmann 1935k) 

The type of infecting CTganisva may often bw determined by use of the quan- 
titative agglutinin absorption test, described in Chapter 31, carried out on t e 
patient’s scrum (see Habs and Sievert 1933). 

The com pie meat-fixation icactwn may l>e used to confirm the agglutination test, 
or in suggestne cases when this test is negative. On the whole, complement-fixing 
bodies tend to be more species-specific than agglutinins, to appear later an to 
persist longer (see Sasano et al 1931, Moralcs-Otero and Mongc 1932, Laun an 
Hcide 1931, Ithurrat ct al. 1948). A precipitation reaction has been descri e 
(Schlcsmann 1932). 

Brucellin Test.— In 1922 Burnet drew attention to an allergic skin test, P er ^ r “ e< ^^ 
tho intradermal inoculation into the arm of 0 05-0 1 ml. of a filtrate of a 2 ay ^ 
broth culture of Br. mehtensis (melitin) or Br. abortus ( aborlin ). A positive reac io 
characterized by the appearance in 6 hours of a slightly raised, sometimes tender, ® eTO g e 
plaque, 2-G cm. in diameter, distinguished m colour from the surrounding s in ^ ^ 
w orkers insist, for a positive reaction, on a minimum diameter of 0 5 cm. indura 101 , 

oedema at the end of 48 hours A central nodule may develop and ^persist or ^ m{>r- 
days. Pseudo-reactions generally appear tapicUy and disappear w ltluii 24 hours. » 
ous extracts of organisms have been introduced for tins test such ns brucellin ( ^ 

brucellergin (Huddleson 1939), and purified brucella protein (Moralcs-Otero an 



Physiology 549 

growth. The characteristic of some strains to grow as small colonies, appear- 
ing as flakes attached to the side of the tube, is of some differential value. In 
any case, visible evidence of growth is very slight and almost all workers with 
these organisms have found it necessary to carry’ along an uninoculated tube 
of medium for comparative purposes. 

The colonies upon an agar surface are usually not detectable until after two 
or three days’ incubation. They are most readily observed in stained agar prep- 
arations. A square of agar is cut from a suspicious area on the plate and placed 
on a slide. It is cohered with a covershp on which an alcoholic solution of 
methylene blue and azure has been dried, and the space between the covcr- 
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r, s 120. Electron micrographs of die ring forms of llic pleuropneumonia like organisms 
(Lilly Research Laboratories). 


slip and the slide filled with melted paraffin.*'* The average colony size of dif- 
ferent strains ranges from 0 01 to 0.6 mm., rarely exceeding the larger figure. 
The colonics usually have a dark center with a lighter margin, and may appear 
coarsely or finely granular Upon higher magnification a foam like structure 
may lie observed which is composed of the balloon like forms. Oily droplets 
mav be found in the colonics of some strains, these bate been found, in some 
eases at least, tol>c largely cholesterol already present in the medium *'* Possibly 
the pseudo colonies which have been observed” on uninoculated scrum agar 
are of similar nature, it is said that these arc readily differentiated from true 
colonies In experienced observers. 

i’lij niiilngy . These microorganisms require infusion or digest media 
enriched In the addition of scrum or ascitic fluid in relatively large amounts 

” Dicnev, Ropes. Smith. MaJoff ami Bauer New England Jour. Med . 1948, 23b 509 
** Partridcc and KhenebrtKCT Jour Path Baa. 1941.52 219 
** Brown. Swift and Watson: Jour. Bact , 1940, 40 S57. 
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the specific complement-antibody system, and he therefore recommended the treat- 
ment of undulant fever with sulphadiazinc or sulphamernzine by the mouth 
associated with the transfusion of human plasma or whole blood. Neither cf these 
methods, however, is successful in more than a small proportion of ca«es (Molinelh 
ct al. 1949). Highly favourable reports have been issued on the therapeutic effects 
of chloramphenicol and aurcomycin. As many of these are based on the treatment 
of so-called chronic brucellosis, and as this disease is often diagnosed on inadequate 
grounds, jt is difficult to assess the validity of the conclusions reached. In acute 
cases relapses seem to be frequent, and toxic manifestations may he disturbing 
(Spink 1950b, Harris 1950). According to Herrcll and Uarber (1950) good results 
are obtained with a combination of aurcomycin and dihydrostreptomycin. An 
older method of treatment consists in the intramuscular or intravenous injection 
of brucella vaccines (sec Schilling et til. 1931, di Guglielmo 1933) or the intra- 
muscular injection of brucellin (Huddleson and Johnson 1933, Huddleson 1939, 
Dcbono 1935). The patient's sensitivity to Brucella is first gauged by a skin test, 
and the injections of vaccine or brucellin are given at intervals of 3 to 4 days in 
doses sufficient to evoke a smart febrile reaction. How far the effect is specific 
and how far it depends on protein shock therapy is doubtful Serum treatment 
has been advocated (Hilgermnnn 1935), but is of questionable value (Mitchell ft 
1935, Gwatkin 1938). 


BRUCELLA INFECTION OF SHEEP AND GOATS 

Reference has already been made, under the section dealing with undulant 
fever due to Br. melitensis, to infections of sheep and goats with this organism, 
and to the diagnosis of the disease by examination of the blood serum and milk 
scrum for agglutinins. The disease exists particularly in countries along the 
Mediterranean littoral, in South Africa, in parts, notably' Arizona, of the United 
States, and in some areas of Russia (Karsten 1943). When first introduced into 
a herd, particularly during pregnancy, infection is frequently followed by a con- 
siderable number of abortions, but unless fresh animals arc added, it dies down, an 
subsequent abortions arc uncommon. The infection, however, usually 
chronic, and may persist for months or years. In this stage it is often 
to diagnose The agglutination reaction may be negative. Some help is affor 
by the intradernml mclitin test A suitable preparation, preferably a bacteria 
extract such as that described by Huddleson and Johnson (1933) or a ^ ? r ' 
Lisbonne, and Vidal (1935) is inoculated into one of the skin folds between ® 
base of the tail and the margin of the anus Readings are made after 2 ® n ^ 
48 hours A positive reaction is characterized by T oedema. Generally spea 
may be said that a positive skill test indicates that the animal has been or 
infected, and a positive agglutination test indicates that the infection js ac ^ 
At post-mortem examination the organisms can be isolated most easily roro ^ 
udder and the supramammary lymphatic glands. During life the organisms^ 
often excreted in enormous numbers in the milk and the urine; after a 
the vaginal discharge may* remain highly infective for some days. Infection 
ably occurs mainly by contamination of the skin and mucosa?, though possi 
alimentary route may play some part. It seems to be more persistent in g 
than m sheep. In both animals the young are less susceptible than th® 5ex 
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Various workers add from 10 to as high as 40 per cent serum; 50 per cent and 
over is inhibitory for some strains. Some have included boiled blood and fresh 
serum, and small amounts of glucose facilitate primary isolation of some 
strains. In some cases these organisms tolerate a relatively wide pH range, but 
others die out at pH 7.0 and below and require a pH of 7.8 to 8.0 for growth 
The saprophytic varieties will grow at 22° C. with an optimum at 30° C but the 
parasitic ones require 37° C. Growth occurs both aerobically and anaerobically, 
but is less abundant with most strains under anaerobic conditions. Fairly heavy 
inocula are required, 0.1 to 0.2 ml. of minced tissue in primary isolation, the 
transfer of similar amounts of broth cultures, and in transfer from agar cul- 
tures a small section of the medium is cut out and dropped into liquid media 
or streaked on another plate. These organisms may also be cultured on the 
chorioallantoic membrane of the developing hen's egg. 42 Some sugars, notablj 
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glucose, are fermented but the pH seldom drops below 7.0 owing to t ie 
of the organisms at this point, the addition of other sugars .nay m i it gt 
In general, fermentations and other biochemical characteristics a^c no ^ 
ferential value. 43 The heat resistance of some strains is of the same or 
that of most bacteria, while others appear to be more frail an ate ! , 
exposure to 45° C. for fifteen minutes. Cultures are best preserve a j 3tunl 
temperature in media containing no added sugar, when sealed wit pc 
the organisms may remain viable for a month or more. 

Varieties, Strains or Species. Strains of these organisms . sct 
isolated from a variety of sources. Those which are parasitic are t Jicse 

off from the saprophytic types, and differentiation or identification w ^ an 
groups has been made in part on source and pathogenicity, an » 
immunological (agglutination) basis. „ orcarl ism rf 

Boi'hie Pleuropneumonia. As indicated above, the cau . 3 nd 
pleuropneumonia of cattle was the first of these forms to e 
*- Sivift. Jour. Evp. Med., 1941, 74-557. 

«C/ Warren Jour Bact., 1942.43 211. 
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the uterine mucosa and fcetal membranes, resulting as a rule in the premature 
expulsion of the foetus. Though regarded as contagious by Hutrel d’Arboval 
(1826) and Youatt (1834) (see Hutyra and Marek 1922), its infective nature was 
not shown definitely till 1878, when Lehnert transmitted the disease by intra- 
vaginal inoculation of pregnant cows with the vaginal discharge and placental 
tissue of aborting animals. In 1897 Bang, working with Stribolt, demonstrated 
microscopically a small Gram-negative bacillus in the uterine exudate of a cow 
with impending abortion, and succeeded in isolating it in pure culture. The 
intravaginal injection of this organism into two pregnant cows gave rise to abor- 
tion, and from the uterine exudate the organism was recovered in each case. 
Bang’s work was confirmed by Preisz (1903) and Nowak (1908) on the Continent, 
by M'Fadyean and Stockman (1909) in this country, and by MacNcal and Kerr 
(1910) in America. 


Epidemiology and Bacteriology 

The disease is widespread throughout Europe, the United States of America, 
and most other countries of the world where there is a large cattle population. 
Its exact frequency is difficult to ascertain, but in this country Priestley (1931) 
estimates that 20 per cent, of the cows are infected. Similar high estimates have 
also been made for certain areas in the United States (Cotton 1931, Thomson 1932, 
Birch 1934), but for the United States as a whole it is estimated that 5 per cent, 
of adult female cattle are infected distributed among 20 per cent, of the herds 
(Spink et al 19496). Large herds are more often infected than small. On account 
of the heavy loss from abortions, the frequent subsequent sterility of the animals, 
and the diminution in the milk yield, it is economically one of the most important 
diseases affecting cattle (Minctt and Martin 1936, Spink et ah 19496). The fact, 
moreover, that infection may be transmitted to man renders the disease of public 
health interest. 

Though clearly it is only pregnant animals that can display the typical symptom 
of abortion, infection may be conveyed by natural channels to cattle of any 
and either sex. There is no distinct seasonal incidence. The commonest tune 
for abortion to occur is from the 5th to the 8th month of pregnancy ; 35-4 per 
cent, of cases occur in the 7fch month alone (Wall 1911). Judged from experiment 3 
work, the incubation period is variable ; according to Mohler and Traum (191 ) 
it may last from 1 to 33 weeks. 

Introduced into a fresh hcid the disease may spread rapidly, assuming epidemic 
proportions. Provided that no new animals aro imported, it. loses its w 13 
severity, passing into an endemic state in which, if no preventive measures are 
taken, it remains for some years. A pregnant animal becoming infected for ® 
first time generally aborts at an early stage ; at its next pregnancy a o 
occurs either not at all, or not till a later period ; and though abortion may ^ 
repeated on a third occasion it is much commoner for the calf to be delivere 
full term. Bang (1897) reports that of 83 cows only 30 aborted in 2 Su( * ess ‘ . 
years, and only 6 three times in succession. From this it may be gathcre 
an immuuity is acquired which is usually sufficient to protect the antma ag al 
further attacks of the disease. 

The bacillus may, however, remain olive in the tissues of the cow or 
siderable length of time. Bang (1897) found it in the uterus of a cow 9 mo 
after the foetus had died and become mummified. As a rule the uterus rce 
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studied. The disease is found ail over the world except in India, Western 
Europe and North America; it has been imported into this country a number 
of times but was finally eradicated by slaughter of infected animals and has 
not occurred since 1892. 

The natural disease in cattle is characterized by extensive consolidation and 
subplcural effusion in either or both lungs and the microorganism is present 
in large numbers in the serous exudate. It spreads slowly in herds and may take 
an acute form with death within a week or a chronic form with walling off ol 
the foci of infection There is occasional joint imohement in voung animals 
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The natural disease has not been rcprtxluced in cattle by cither inoculation of 
infectious serous exudate or of cultures, but an extensive edema develops 
and spreads from the site of inoculation, and there is a febrile reaction anti 
sometimes death. 

1 he organism is apparently completely non-pathogen ic for the mini expert 
mental animals and for man, it has been reported that cultures in sheep- or 
horse serum media are infectious for sheep and gaits, while those in limine 
scrum media are not 

The name Aitcrococciis rnvcoidcs was given the organism b\ Borrc! anti 
Dujirdm Beaumct/ but has not liccn gcncrallv used. Sabin’'' 1 has proposed 
the name Boutmcev j*fruro/*wmromm\ In anv case, strains obtained in dif 
ferent localities and at different times appear to be very similar if not identical 
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seems to be affected more often than the left (Bang and Bendixen 1931 Thomnson 
1934, Doyle 1935). ’ 1 

Though the organism commonly responsible for the disease is fir. aborlm 
numerous observations have shown that cattle in close contact with infected goats 
or sheep may become infected with Br. melitensis (see Taylor, Vidal, and Roman 
1934, Benussi 1935). The infection seems to be localized mainly in the udder, and 
abortion is uncommon. Similarly in large hog-raising districts, cattle may become 
infected with Br. suis and excrete this organism in the milk (see Beattie and Rice, 
1934, Molinelli and Ithurrat 1934), but, as with Br. mehtensis, the disease produced 
tends to be more self-limiting than that caused by Br. abortus 

Mode of Infection and Experimental Reproduction of the Disease.— There has 
been a long dispute over the commonest mode of infection. Cattle are so easy 
to infect experimentally, not only by direct inoculation into the tissues, but also 
by the natural passages, that it is very difficult to decide on the route usually 
followed in the natural spread of disease. The three main portals are : 

(1) The Mouth — B ang (1906) and others showed that it is possible to reproduce 
the disease m pregnant heifers and cows by feeding them with infective material, and 
therefore suggested that infection probably occurs through contaminated fodder. It is 
known that the uterine exudate w hich is voided at the time of the abortion is extremely 
infective, that the bacilli may remain alivo in it for some time — for 7 months if kept in the 
ice-chest (Bang 1897) ; that the aborted feetus or foetal membranes deposited on grass 
and left at atmospheric temperature shielded from direct sunlight may remain infected 
for as long as 6 months (Bosworth 1934-35 ) ; and that unless strict isolation of the animals 
is practised, there is ample opportunity for contamination of the pasture and other food 
material. A further source of infection is the milk of the aborting cows, which often 
contains Br. abortus in large numbers. Rats have been accused of spreading infection 
(Karkadinovsky 1936), but there is little evidence to support this (see Bosworth 1940) 

(2) The Vagina. — In his original experiments Bang (1897) demonstrated the possibility 
of infecting pregnant cows by intravaginal inoculation of pure cultures. Thi3 has been 
confirmed frequently (Report 1909, M'Fadyean et al. 1913, Seddon 1919). It seems, 
therefore, not improbable that contamination of the vagina with infected soil or litter may 
be responsible for naturally acquired infection. A second method by which vagina 
infection may occur is sexual intercourse. Bulls may bo infected by injection of pure 
cultures under the prepuce (M'Fadyean et al. 1913). Injected intravenously, the organisms 
may lodge in the testicles and be excreted m the seminal fluid (Seddon 1919). Infection 
of bulls is not uncommon under natural conditions, and lesions may occur in the tes »-> 
epididymis, or vesicular seminales Bendixen and Blom (1947), who draw attention 0 
the danger of transferring infection to the cow by artificial insemination, isolate ?■ 
abortus from the semen of 28 out of 394 bulls There is also epidemiological evidence 
incriminate the bull as a means of spreading the disease (Bang 1897). 

(3) The Skin and Conjunctiva. — Attention has been drawn to these routes of in ec i 
by Bang (1931), Bang and Bendixen (19326), Cotton and Buck (1932), and Cotton, y 
and Smith (1933). Experimentally it has been found possible to infect anitnas a» 
readily with Br, abortus by means of an infected compress left for a variable lengt 0 

in contact with the abraded, or even intact, skin. Infection may also follow sim 
conjunctival instillation of an abortus suspension. 

Which of these three routes is the most important in practice, we 
present no exact means of telling. The Departmental Committee set up J, 
Board of Agriculture to investigate the disease considered that feeding was . 
common method, that vaginal infection held second place, and that sexua m 
probably played quite an insignificant part. Contamination of mucosa an 



552 Pleuropneumonia-like Organisms 

Contagious Agalactia of Sheep and Goats. Despite its name this disease is 
a generalized infection which affects both males and females. It occurs only in 
parts of southern Europe and North Africa; agalactia or mastitis of these ani- 
mals in this country is of other etiology. 

The lesions occur in the joints and eyes and in the mammary glands of fe- 
males. The microorganism is present in the blood early in the disease and later 
may be isolated from the affected regions and from the mammary secretions. 
The second member of the group to be studied, it was isolated by Bridre and 
Donatien in 1923. It is morphologically and biochemically very similar to the 
pleuropneumonia organism and other members of the group, but is immuno- 
logically distinct and of characteristic pathogenicity. Sabin 30 has suggested 
that it be called Capromyces agalactiae. The disease is readily reproduced by 
inoculation of sheep and goats with cultures. 

Canine Variety. Organisms of the pleuropneumonia group have also been 
found in dogs. Shoetensack reported in 193-4 the cultivation of an organism 
of this type from the purulent nasal discharge of dogs ill with distemper which 
he called Asterococcus cants. In later studies other organisms were found and 
there appeared to be two types, immunologically distinct from one another, 
which he called Type I and Type II respectively. Sabin 30 proposed that these 
be called Canomyces pulmonis 1 and Canomyces pulmonis II. Their postulated 
etiological relationship to distemper, generally regarded as a virus disease, is not 
established. 

Varieties from Rats. A series of pleuropneumonia-like organisms has been 
isolated by Klieneberger and her associates 44 from the respiratory tract an 
elsewhere in normal and diseased rats. Others have isolated similar organisms 
from rats exhibiting polyarthritis and swollen extremities. These compose, 
with a single exception, the “L” series of strains in which the strains arcdcsig 
nated by subscript numerals. There now appear to be three distinct t\ pes, ' 
ferentiated on a biological and immunological basis, viz., Li, L 3 and 4- 
strain L 2 was isolated from a guinea pig and insufficiently studied c ore 
of the culture at the outbreak of war. The strain described as L 3 is . 
logically identical with mouse type A discussed below; Lo has ccn J 
ficiently studied; and L 7 has been found to be identical with 4- , 

Considerable interest has attached to the apparent association o 1 

Actinomyces viuns-ratti, 4z Klieneberger has been able to isolate 1 tom ' 

strains and stock cultures of A. muris-ratti and it will be rcca e ^ 
fungus is a natural parasite of the nasopharynx of rats and mi ^ e ‘ 1 - ncc 
tained by Klieneberger 40 that Li and the fungus coexist as s\m ion ^ 

she has been able to separate the two on the basis of differentia res ^ 
beat and aging, has observed Lj in the rat in the absence of A. mun £ t |ic 
has carried Li strains through many transplants without reappears 
** Klieneberger: Jour. Part. Bac.„ 1935, 90 93; ibid , 1936, 92 587 ; 

Steabben. Jour. Hyg., 1937, 37-143, Klieneberger. Jour. Hyg , ' ,: nU cs to be used 

45 It may be noted that the name Strcptobncillus luomlifortuis j c{ ., anc J aim'** 

exclusively in the pleuropneumonia group literature in spite ot its imp . ^ un- 

nltvnvc With nn Jpnt,n„ „f ... Tbe unnecessary confusion introduce 


always with no mention of its synonyms. The unnecessary 
fortunate. See page 670. Q _ 

49 In several papers, Cf. Klieneberger: Jour. Hyg., 1942, 42 a. 
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the material is not pure, it is best to resort immediately to guinea-pig inoculation. The 
material is ground up in Ringer’s solution, and 0 5 ml. injected intramuscularly into 
two or three guinea-pigs. The animals are killed after 4-8 weeks, tbe blood is examined 
for agglutinins, and cultures are made from the sublumbar glands and the spleen (see 
“Milk" below). At post-mortem examination of slaughtered cattle the organisms 
are most likely to be found in the udder, and in the supramammary, iliac, and pharyngeal 
glands. They may he sought for by direct culture and by guinea-pig inoculation (see 
Doyle 1935). Any obvious lesions, such as hygroma of the knee (v. d. Hoeden 1932a), 
should also be examined. 

Agglutination Reaction.— In practice this is the most widely used method of 
diagnosis. Although the agglutination test in cattle does not differ in principle 
from that in man, it is necessary to consider separately its interpretation in relation 
to the titre that may be observed. 

The test may be carried out by the tube or the slide method (for technique, and 
preparation of antigens, see Huddleson and Abell 1928, Huddleson 1932, 1939, Welch 
and Mickle 1933, Fitch and Donham 1933, Donham and Fitch 1934a, b, 1935, Welch and 
Marsh 1935). Final serum dilutions of 1/10-1 /25G0 should be put up. Intermediate 
zone phenomena are frequently encountered (sec Priestley 1931), and agglutinin-blocking 
bodies interfering with tube but not with slide agglutination have been described (Cos 
and Kutner 1950). The ordinary zone phenomenon can be avoided by the use of 5 per cent, 
saline. 

The interpretation of this test is often difficult, and is not rendered my easier 
by the fact that, owing to differences in technique, the titres of different workers 
may not be strictly comparable. Comparable results, however, may be obtained 
by the use of a standard agglutinating seium, which can be used in the character- 
ization of routine agglutinating suspensions and in the specification of routine 
methods of performing the test An International Standard for AnU-Brucella 
abortus Serum is available for this purpose (Stable/orth 1954). 

Calves, even those born of infected mothers, give a negative serum reaction at birth 
If, however, they are allowed to suck infected dams within the first 24 hours of U <, 
agglutinins become demonstrable in their scrum within about 2 hours. This appears 
be due to the absorption through the alimentary tract of antibodies present in e 
colostrum. Calves passively immunized in this way lose their agglutinins very rapi y 
(MoAlpme and Rettger 1925). Even calves that are actively infected and deveop 
agglutinins some time after birth appear to lose them within 6 months, unless rein ec ion 
occurs (Thorp and Graham 1933). . ^ 

In an animal that is infected during pregnancy the titro generally rises before a 
tion to 1/200-1/1000 or over. During the following C months it tends to fa . 
cow becomes a chronic carrier, the titro usually remains fairly high. About 80 per 
of cows with a persistent titre of 1/200 or over are found to bo excreting Br. a or « ^ 
the milk. A titre of 1/1000 or over is almost diagnostic of udder infection. aru . R 
are followed for any considerable length of time, the agglutinin titre of positive 
will often be found to decline. This is particularly true of low reactors. Damon l ^ ^ 
for example, who observed a herd with a mean complement of 225-250 ^anima 
period of 4 years, found that 27*7 per cent, of animals reacting at 1/2 o, P* ^ e j f 

of those reacting at 1/50, and 5 per cent, of those reacting at 1/100 or over os ^ 
agglutinins permanently (see also Hadley and Welsh 1931). Huddleson an flnC | 
(1931), however, found that, of a total of 247 animals reacting at 1/25 or 0 
followed up for a period of 1-8 years, only 4 became permanently negative. ^ 
that abort usually have a considerably higher titre than non-aborting amma 
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actinomyccte. Dienes/ 7 however, has taken the view that Li and A imtris- 
ratti represent but stages in a cyclogeny 

These L forms are associated, causally in some instances at least, with rela- 
tively mild, chronic affections of rats in which a not uncommon manifesta- 
tion is joint involvement and polyarthritis They closely resemble the other 
organisms of the group morphologically and culturally, forming a subgroup on 
the basis of pathogenicity, and differentiated from one another immunologicallj . 
Sabin 30 has grouped Lj, L.-j, and L 4 under a single genus and suggested the 
names Murimyces strcptobacilU-monihformis, Murimyccs pulmonis and Mun- 
inyces arthntidts respectively for them. 

Varieties from Mice Sabin 10 divides the pleuropneumonia-like organisms 
found in mice into five types, designated as A, B, C, D and H. Type A is found 
in normal mice, once m the brain and frequently in the ejes, nasal mucosa 
and lungs of carriers. On intracerebral inoculation of mice an ataxia is pro- 
duced which is characterized by a turning or rolling of the body. The brain 
lesions and symptoms arising from them arc attributable to the action of a 
soluble toxin produced by the microorganisms 4H An immunologically identical 
organism was isolated by Findlay ct al. from mice affected with “rolling disease” 
and designated L s . Type B has likewise been found in normal mice and is 
not only immunologically distinct but produces a progressive arthritis almost 
exclusively when parcntcrally inoculated into mice. Types C, D and E arc 
similar in their pathogenicity but arc immunologicallj distinct, they base not 
been studied as cxtcnsiv ely as some of the others These murine forms are, like 
the L forms, grouped in a single genus by Sabin/ 0 tjpe A being given the 
name Musculomyccs ncurohticus, tj'pc B the name Musciifowjces arthro- 
tropicus, and types C, D and E grouped in the single species Afuscnfomjces 
histotropicus. 

Pleuropneumonia like Organisms of Man.* 1 * Though there is considerable 
evidence suggesting that certain streptococci arc associated with some types of 
arthritis in man (p 377), the etiology of human arthritis is far from clear. The 
plcuropncumonia-Iikc organisms ha\c assumed some interest in this connec- 
tion, largely because of the frequency of occurrence of progressive polyarthritis 
in both naturally and artificially infected rats and mice. The association of L, 
strains With A. minis ratti is of possible interest in view of the arthritic mani- 
festations of epidemic disease of the 1 Ia\ crhill fever type and of sporadic rat- 
bite fever of fungous etiology (p. 670). 

Microorganisms of this group have been found by a number of workers in 
the genital tract. They appear to occur with some frequency in the normal 
vagina and cervix, in 5S of 222 routine specimens in the series reported by 
Dienes ct el., 41 but they have also been found associated with inflammatory con- 
ditions of the cervix. In the male, however, they have been found largely in 
avocation with pathology of the genito-urinatv tract. Dienes et ttl. reported 
that all of 5S piticnts from whom cultures were recovered had urethritis. 

” Dienes Jour. Inf D«. 1939, 65 24. Alto Heilman- ikU , 1941, 69 32. 45 

•’Sabin Science. 1933. .Vv 189, 575. 

**Sce ibe review ami dt*c\mi>>n bi Dicnet. Hopes. Smith, Ma&ifF and Bauer N’cvr 
r n gland J<sir Med . 194S, 23’ 509. 567. 
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intermittent and that not too much attention should he paid to a single negative 
result. D 

Cultivation.— Cultural methods aro satisfactory only with milk samples from indl 
vidual cows collected under more or less aseptic conditions. Separate quarter samples 
should bo taken, and either kept refrigerated, or preserved with 0 5-1*0 per cent bone 
acid, till tho time of examination. The wholo milk, tho gravity cream, or the deposit 
from high-speed centrifugation should be streaked on to a number of plates of liver 
extract agar, or 2 per cent, glycerol agar containing 10-15 per cent, of ox scrum. Con- 
taminating organisms may bo partly suppressed by the addition to the medium of genttm 
violet and malachite green. Tho exact concentrations of these dyes vary according to 
the manufacturer ; usually a final concentration of 1/100,000 to 1/200,000 is satisfactory. 
The plates should be incubated in 5-10 per cent. C0 2 , and examined at intervals for 14 
days (see Huddleson et al. 1927, Hoslcy 1930, Traum and Henry 1930, Ivarsten 1932, 
Proscholdt 1932, Karsten anil BiscliofT 1933, 1934. Stockniaycr 1933a, 1935) A method 
introduced more recently by Mair (1954) makes use of blood agar containing not onlj 
gentian violet to keep down unwanted organisms, but penicillin and polymyxin in addition, 
together \\ ith acti-dione for the suppression of moulds. On this medium Br. abortus may 
be isolated even from herd milks. 

Animal Inoculation.— If tho animal method is chosen, it is advisable to inoculate a 
mixture, composed of 2 ml. of gravity cream and tho deposit from 100 ml. of milk after 
high-speed centrifugation, intramuscularly into the hind leg of each of two guinea-pigs. 
Alternatively 4 ml. of whole milk may bo injected, 2 ml. into each thigh. The animals 
Bhould bo killed about G weeks later. At post-mortem examination the femoral and 
sublumbar glands will bo enlarged and pale ; the spleen may be enlarged, its surface 
slightly irregular, and a few small greyish-yellow necrotic foci may be present. Tho 
liver may show two or three tiny necrotic foci. The macroscopic lesions are often incon- 
spicuous, and must on no account bo relied upon for diagnosis. The blood serum should 
bo tested for agglutinins ; a titro of 1/25 or over is highly suggestive of infection. 
Cultures should be made from tho sublumbar glands and spleen, and all suspicious 
organisms identified by agglutination and other methods. In not all animals contain- 
ing serum agglutinins is it possible to isolate the organisms from the tissues. On the 
other hand, it is uncommon to isolate them in tho absonce of a positive agglutination 
reaction. Individual guinea-pigs vary considerably in tlieir susceptibility to Br. abortus, 
and it is common to obtain positive results in one animal and negative in the ot er 
(see Smith 19325, Plate 1934a). If tubercle bacilli are present in tho milk simultaneous y 
with Br. abortus, the guinea-pig will suffer from a double infection. The diagnosis o 
tuberculosis can be made on tho basis of the macroscopic lesions and the demonstra ion 
of acid-fast bacilli m the organs. The diagnosis of abortus infection can be ma e on 
the basis of the agglutination reaction and the cultivation of tho organisms rom * 
tissues. Fullinger (1936), however, pointed out that the tubercle bacillus in er ere 
with the development of Br. abortus in the animal body, so that the demonstration 
this organism may often be unsuccessful in milk coming from cows with tu ercu o 
mastitis > . . i* or 

All workers are agreed that the animal inoculation method is more satis ac / 
the demonstration of Br. abortus in milk than the direct cultural method a e 
found that 90 per cent, of infected samples were positive by the animal an on y ' ^ ^ 

cent, by the cultural method. Similarly Karsten and Bischoff (1934), w 0 ex ^ 
466 milks by both methods, obtained 184 positive results by the guinea-pig a ^ 
by the cultural method. It is not uncommon to obtain occasional positive j* ^ us(J 
culture, when tho animal inoculation results aro negative, so that it is a visa 
both methods. In mixed milk, or in milk of single animals that has not 0 f 

aseptically and kept cold, the animal inoculation method is the only suita e 
demonstrating Br. abortus. 
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prostatitis or cystitis. In relation to the possible association of these micro- 
organisms with arthritis in man, it is of interest that 18 of this series had an 
acute type of arthritis. 9 had simultaneous urethritis, conjunctivitis and arth- 
ritis, the syndrome characteristic of Reiter's disease, and in two instances 
pleuropneumonia-like organisms were recovered from synovial flu id. Observa- 
tions such as these suggest that they may be pathogenic for man. 

Saprophytic Varieties. Pleuropneumonia-like organisms presumably living a 
saprophytic existence in nature have been found by Laidlaw and Elford 50 in 
raw London sewage. They closely resembled the parasitic forms both morpho- 
logically and culturally, and fell into three immunological groups which were 
designated types A, B and C. AH were non-pathogenic for experimental ani- 
mals. Similar forms have been found in Germany 51 in compost and other 
types of decomposing organic matter. Sabin 38 has proposed that these sapro- 
phytic forms be named Sapromyces hidlawi. 


DOXOYAMA GRAKULOmns 

The disease granuloma inguinale (granuloma venereum} is not to be con- 
fused with lymphogranuloma inguinale of virus etiology (p. 882). It is charac- 
terized by a slowly progressive ulceration in the genital region and rarely else- 
where. The initial lesion is a swelling, often in the groin as a bubo, which 
ruptures Daughter lesions appear which are at first discrete and then spread 
slowly and coalesce, and the process may eventually involve the skin of the 
groin, genitals, buttocks and lower abdomen and the patient develops a strong 
fetid odor. Little effective immunity appears to be developed, at least not su - 
ficient to appreciably arrest the progress of the infection. 

Bacillary bodies, stained by Wright's stain, were observed by Donovan in 
1905 in smears from lesions or in biopsy material, and have long been 
as Donovan bodies. The Donovan body has been cultivated in I® sac ’ 
but not on the chorioallantois, of the developing chick embryo by /in eison, 
De Monbreun and Goodpasture 52 and in enriched media such as bee tfar 
infusion by Dunham and Rake, 53 and is thus shown to be a culm a einK 
organism to which the name Donovcmia granuloinatis has been , 

The morphology of this microorganism in culture has been stu ie > 
and Oskay, 54 and it is described by these workers as a short, p un T . * _ 

1 .5 p to 4.5 n in length and 0.8 ** to 1 .4 p. in breadth, gram-negative and sh P 
prominent polar granules. Prior to cell division the elongate C1 a . e 
tend to become curved, and may remain attached after division . 

to chains of bacilli , the coiled filaments often seen in the usua > - on 

tions. The relatively heavy encapsulation observed in preparations ^ 

material and the mucoid character of yolk sac cultures and imU3 . . £ av 
artificial media diminish with continued culture. Aside from 1 colander's 
tidious growth requirements, D. granulomatis closely resemb es 

5° Laidlaw and Elford: Proc. Roy. Soc. (London) Scr. B, 1936, 120292 ^ 

« Seiffert : Central, f. Baler., I Abt. On*., 1937, 139:337; ihd . I»7. ^ 

62 Anderson, De Monbreun and Goodpasture: Jour. E«P» 145. 


. ... ..v.., l.lVHUltUU e«u J - ' p,. 

63 Dunham and Rake: Amer. Jour. Syph. Gonorrhea ven i> J ‘ 
Rake and Oskay: Jour. Bact., 19-18, 55:667. 
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principle consists in the detection of infected animals by the agglutination, comple- 
ment-fixation, or Ring test, the slaughter, sale, or segregation of positive reactors, 
and the building-up of a clean, non-infected herd. The degree of success attend- 
ing this policy varies with a number of factors. With a small or medium-sized 
herd, particularly if self-contained and protected against infection from water 
manure, and other animals, with provision of calving boxes, and re-testin<» of non- 
reactors every 2 months so as to eliminate all animals as soon as they become 
positive, it is often, possible to eradicate the infection entirely and to mainfaia a 
healthy herd for several years. On the other hand, with very large herds, particu- 
larly if not self-contained, with flying herds, with farms on which adequate accom- 
modation for segregation of infected, and quarantine of newly imported, animal* 
is impossible, and wi*h imperfect control over infection from other sources, the 
results are often disappointing. Generally speaking, if the conditions arc favourable, 
and if the disease is not at the height of its activity, this policy should he adopted, 
since its success is followed by the improved general health of the herd, better and 
more regular breeding, and an increased milk supply. Success, however, cannot 
be guaranteed. One of the greatest problems at the moment is presented by the 
infected non-reactor, which may abort, or excrete Br. abortus in the milk, and so 
contaminate the other animals in the herd (see Bang 1906, M‘Fadyean 1921, 
1924, Giltner 1924, Thomsen 1928, Zeller 1931, Henricsson 1932, Kitselman 1932, 
Newsom and Cross 1932, Clark 1932, Mitchell et al. 1933, Fritz and Barnes 1933, 
Birch 1934, Birch et al. 1934, van Oyen 1934, Report 1935, Thornshaug 1937, 
Gilbert 1937, Spink et al 19495, Gilman 1950). 

Vaccination. — Early observations by Bang (1906), M'Fadyean and Stockman 
(1909) and Stockman (1914) suggested that the inoculation of non-pregnant heifers 
or cows with a living vaccine of Br. abortus was able to confer some degree of 
immunity on the animals, as shown by a lower abortion rate. During the next 
20 years or so vaccination, usually with strains of modified virulence, was used 
fairly extensively, and numerous papers were published on the results (for refer- 
ences, see Topley and Wilson, 2nd ed., p. 1355). Little fresh knowledge, however, 
was gained, chiefly because few observations with properly controlled groups 
of animals were made. More recently a great deal of attention has been devote 
to the preparation of a standardized vaccine, and much valuable informa ion 
has been forthcoming. It has been found that the more virulent the vaccina 
strain is, the greater is the degree of subsequent immunity ; but that in P rac ^ 
the use of a fully virulent strain is inadvisable, because of the danger par J ^ 
pregnant animals in the herd and partly to the human population if it is excre e 
in the milk. A strain of modified, and preferably fixed, virulence l* ' 
Such a strain was introduced by Buck (1930) in the United States under t e a 
S19, and has since been used with good effect (for references, see * ar1 "” 

1939, Haring and Traum 1937, 1941, McEwen 1941, Huddleson 19 U * 

1947, Traum 1950) The vaccine is used for calves preferably 7-12 mon 
birtli, for non-pregnant heifers, and for cows not more than 4 niont is P^V ^ 
Revaccmation of annuals vaccinated m ealfbood is desirable after 1 
parturition. 

One disadvantage of the S19 strain is that it stimulates the formation t f jjj P 

thus interferes with the normal interpretation of the agglutination test, 
animal is vaccinated during calfhood the agglutinins usually disappear it un 



Donovania Granulomatis 555 

bacillus, and has been found by Rake'’ 1 to be closely related immunological!) 
to this bacterium and to Bact. colt and Bact. aerogenes. 

Prior to the isolation in pure culture of D granulomatis, ns causal relation 
to granuloma inguinale was only suggested by association. It was shown by 
Anderson, Goodpasture and De Monbreun 56 that material from yolk sac cul- 
tures gave a skin reaction in persons ha\ mg the disease, and a mucoid sub 
stance from infected yolk sac. possibl) a polysaccharide, gave precipitin and 
complement-fixation reactions with sera from patients The specificity of these 
reactions is, however, open to question in that apparently specific complement 
fixation was gi\en by persons with chronic, non-specific ulceration (tvs., vari- 
cose) studied by Rake and his co-workers and attributed by them to the 
serological relation of D. granulomatis to cohform bacilli Later Grcenblatt 
et al , 87 were able to produce the disease in two human volunteers, one inoc- 
ulated by a subcutaneous transplant of biopsy material, and the other by the 
subcutaneous inoculation of yolk sac culture. Though it has not yet been pos- 
sible to infect experimental animals with D granulomatis, it seems established 
that this microorganism is the etiologic agent of granuloma inguinale. 

The general tendency to regard this disease as venereal is based in large part 
on the location of the lesions There is little or no direct evidence that it is 
transmitted primarily by sexual contact and. in fact, its occurrence m both 
marital partners is uncommon The probable incubation period of one to four 
weeks is not excessively long and should not greatly obscure histories of con- 
tact. It has been suggested that there is great individual variation in susceptibil- 
ity and that natural resistance is usually of a high order. The disease is as 
sociated with uncleanliness and in this country occurs for the most part in 
the Negro of low economic status in the southeastern States, but it occurs else 
where also It is estimated that there are 5000 to 10.000 cases in the United 
States and it has been found to constitute 2 to 3 per cent of \cncrcal disease in 
Negro recruits. In general, however, the epidemiology of granuloma inguinale 
is as yet very poorly understood. 51 * 

»• Rake Jour Bact., 1948, 55 865. 

58 Anderson, Goodpasture and Dc Monbreun Jour. Exp Med , 1945, SI 41 
m Grcenblatt, Dienst, Kuppctman and Rein<tcin Jour. Ven Dis. Inf , 1947, 28 (8$ 

88 Sec the discussion by Clarke Jour Vcn Dis Inf, 1947, 28 189. 
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than 209 out of 786 boars showed orchitis, usually bilateral. The affected testicles 
are sometimes of enormous size, reaching 6l lb. in weight, and purulent foci, which 
may undergo calcification, are not infrequent. Multiple foci may also be present 
in the vesiculse seminales. Br. suit may, however, often be demonstrated in the 
tissues in the absence of macroscopic pathological changes. 

In sows a condition for which Thomsen (1934) suggests the name “miliary 
brucellosis of the uterus ” is frequently met with. The interior of the uterus is 
studded with small yellowish-white nodules located in the deeper layer of the 
mucosa and projecting slightly above the surface. 

The disease can be readily reproduced by feeding and by conjunctival inocula- 
tion. According to Stockmayer (19336), pigs are susceptible to Sr. abortus as well 
as to Br. sais, though no outbreaks due to Br. abortus have yet been recorded in 
the field. Thomsen believes that natural infection is spread to a considerable 
extent by copulation, though this of course will account only for transmission of 
the disease to sexually mature animals. Infection of the conjunctiva by urine, 
and alimentary infection probably play a part. Sucking pigs are readily infected. 
It is possible that infection occurs through the milk of the mother, though invasion 
of the udder is uncommon. 

In the field, diagnosis is best made by the agglutination and complement-fixation 
tests on the blood serum. A titre of 1/100 is regarded as definitely positive, 1/50 
as strongly suggestive, and 1/25 as doubtful. Some help may bo given by the 
intradermal test (Thomsen 1931). In the abattoir, the blood scrum should be 
examined, and a search made by culture and guinea-pig inoculation for Br. suis 
in the tissues. According to Johnson and Huddleson (1931) and Johnson, Huddle- 
son, and Haraann (1933), the organisms ore commonest in the spleen, gastric 
and supramamraary lymph glands, and the liver. Numerous other organs may be 
infected, but less frequently. 

The disease is of undoubted economic importance, owing particularly to im- 
potence in the boars and abortion or sterility in the sows. But it is probably 
of even more importance in its effect on public health. Already large numbers of 
cases of undulant fever have been ascribed to it, and it affords a very real hazard 
for workers in abattoirs and packing houses. So far as reports go, it would seem 
to be fairly amenable to control by the eradication policy. In Denmark, by ^ e 
institution of such a policy, including slaughter of infected animals in hg / 
infected herds, and slaughter of all animals in heavily infected herds, it prove 
possible to stamp out the disease entirely within a very short time. Jo ns0D ' 
Huddleson, and Hamann (1933) m the United States were successful wit a 
radical policy, consisting of blood testing once a month, followed by segrega 10 “ 
and ultimate elimination of the positive reactors. The seasonal breeding o sow^ 
makes control of the disease considerably easier than m cattle At temp s a 
prophylactic vaccination have hitherto been a failure. (For further informaio 
on this disease the reader is referred to the excellent monograph of Thomsen 

BRUCELLA INFECTION OF HORSES, DOBS, CATS, FOWLS 
AND RATS 

Horses. — In sequence to the work of Riniard and Hilger (19— S) in : 
Brucella infection of horses was recc 
vander Hoeden 1931, Makkawejsky : 



Chapter 27 


BACILLUS-THE SPORE-FORMING AEROBES 


The spore-forming rod-shaped bacteria are divided into two groups on the 
basis of their relation to atmospheric oxygen. The Bacilli are the aerobic forms 
and the anaerobic types are designated Clostridium (Chap- 28). A \ery large 
number of species of Bacilli have been described, the majority of them from soil 
and dust. Two species, Bacillus alvei and Bacillus paraalvei, cause foulbrood, a 
disease of bees. Bacillus subtilis infects human beings only rarely, and, with this 
exception, Bacillus anthracis is the only member of this large group that is 
pathogenic for man. 

BACILLUS ANTHRACIS 

Primarily a disease of lower animals transmissible to man, anthrax (splenic 
fever, Fr. charbou; Ger. Milzbraitd ) is of particular historical interest, for it 
was in his study of this disease that Koch provided the first demonstration 
of the causal relation between a specific bacterium and an infectious disease. 
The bacillus had been observed m the blood and organs of animals dying of 
anthrax by Davaine and Rayer in 1850 and by Pollender in 1855. In 1887 
Brauell transmitted the disease by the inoculation of blood from infected ani- 
mals. Conclusive demonstration of the causal relation between the bacilli 
and the disease, however, was the work of Koch, who in 1877 cultured the 
bacillus on the aqueous humor of the ox’s eye, described its life history, and 
reproduced the disease with a pure culture of the microorganism. The im- 
portance of this discovery to the development of bacteriology has been dis- 
cussed elsewhere (Chap. 1). 

Morphology ami Staining. The anthrax bacillus is one °f the largest 
of the pathogenic bacteria and ranges from 4.5 to 10 p in length ana from W 
1.25 p in breadth. The ends of the rods are often concave ana 3 
swollen so that the appearance of a chain of anthrax bacilli has often w 
compared to a jointed bamboo fishing rod. The cells occur singly and asen o- 
end pairs or short chains m the body, but in culture long chains are iorm 
Unlike most of the sporulating aerobic bacilli they are non motile. 

Capsules may be found on the bacilli in smears from an infected amma 
are not found in culture except on media rich in animal protein, sue ass ^ 
agar. The capsular material is not polysaccharide as it is in most Jc 

is a high molecular weight polypeptide exposed 

acid (the abnormal stereoisomer). 1 This is a point of particular m a 
it is the first demonstrated natural occurrence of dOglutamic aci 
polypeptide composed of a single amino acid There is, m addition. - 

1 Cf Hanby and Ryden . Rtochem. Jour., 1946, 42 297 
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Cats —Little is known about the incidence of Brucella infection in cats, though 
considering their habit of drinking raw cows’ milk it is difficult to believe that they 
are not frequently infected. Experimentally, both Br. abortus and Br. melilensU 
may give rise to a severe disease with lesions in the joints and internal organs 
(Makkawcjsky and Karkadinowskaja 1932). 

Fowls. — The frequency of Brucella infection in fowls is still under discussion. 
Emmel and Huddleson (1929, 1930) brought evidence to suggest that the disease 
was very common in the United States, but their observations have not been 
altogether confirmed by subsequent workers (McNutt and Purwin 1930, v. Roekel 
et al, 1932). It is noteworthy that their conclusions were based on the presence 
of agglutinins in the blood. The isolation of the organisms from the tissues of 
naturally infected birds seems to have been very rarely accomplished. Beller and 
Stockmayer (1933a) showed that normal fowls frequently have agglutinins in their 
blood, and that no attention can be paid to a titre of less than I/I6G or 1/200. 
Most workers have found that experimental inoculation of fowls gives rise to an 
inapparent infection, having little or no effect on the health or egg-laying capacity 
of the birds (sec McNutt and Purwin 1930, 1932, v. Roekel et al. 1932, Lombardo 
1932, Beller and Stockmayer 1933a, b, and Chapter 34). The natural infection 
seems to be of little epidemiological or clinical interest, though further observa- 
tions arc required, particularly to find out whether fowls may transmit infection to 
cattle. 

Rats. — Not much is known of the occurrence of natural infection in wild 


rodents, though, in view of the possible part played by these animals in the spread 
of infection among cattle, knowledge is urgently required. Karkadinovsky (1936) 
examined 31 wild grey rats on three farms infected with contagious abortion, and 
isolated Br. abortus from 11 of them. Most of the positive cultures were from the 
spleen and liver, but in two of the animals the blood was also found to be infected. 
Bosworth (1940), on the other hand, who examined 167 rats caught on farms where 
the disease was prevalent, found only one harbouring Br. abortus. The observa- 
tions of Bosworth (1937) and of Sandholm (1938) show that rats can be infected 
by feeding, and that the organisms can be excreted for a short time in ^ 
and urine, but that on the whole the animals arc relatively resistant and t a 


tissue lesions seldom occur. 


Infectious Abortion in Cattle and SffEEr due to Vibrio fetus 
In 1913 M'Fadycan and Stockman (Report 1913) described an enzootic abortion 
of sheep due to a spirillar organism, which was later called Vibrio fetus 
(1918). In this country, vibrionic abortion appears mainly to affect sheep, ° 
the disease has been observed in cattle ; but in the United States it is respon 
for a considerable proportion of cases in cattle. Smith (1919) found, or • ® xa ’ 
in 109 cases of abortion in which a fairly thorough examination o e ^ ^ 
and membranes was made, that 62 were due to Br. abortus, 26 to ' j ^ iltures 
C ‘pyogenes ; in the remaining 19 no organisms were isolated or nnxc 
were obtained. In cows the agglutination test is of value in diagnose, a ^ 
i /pnn tiw'mr rerrjirfler) ns rwisitivo (Plastridgc and Williams ^ 

ns 

\ ■ t *e 

usually disappear from the serum within 6 months. The vibrios am *»••• 
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saccharide haptene present in the cell substance of the bacilli, which may be 
isolated from these bacilli, it appears to be the same in both virulent and 
a\irulent strains and its immunological Junction is not clear. 2 

The anthrax bacillus also differs from most other aerobic pathogenic bacteria 
in that it forms spores which are visible as refractile bodies cither free or located 
centrally within the cell. Their diameter docs not exceed that of the vegetative 
cell and hence the spore-containing rod is not distorted Spores are formed 
most abundantly at 32° to 35° C and onlv under aerobic conditions, i.e., not 
in the circulating blood of infected animals Germination of the spore is usually 
polar, that is, parallel with the long axis, but may be rarely equatorial 

The bacilli stain reachlv, but often unevenly, with the usual aniline dves 
The granular material within the cell consists of fat, volutin or gljcogen 



Tir. 123. Bacillus anthracis. fortv cu-ht hour culture on nutrient agar Cnsial violet 
stain The spore-, appear as unstained areas Note the tspical arrangement «.f the bacilli in 
coiled chains X 1200 

Thcv arc gram positive. Churchman 1 has observed a reversal of the Gram 
reaction when aqueous gentian violet, acnlhvin or acriviolet is added to sus- 
pensions of voting cultures of Bacillus anthracis, a considerable proportion of 
the bacilli then liccomc gram negative It lias been concluded that the bacillus 
is made up of a gram positive outer (aver nr cortex and a gram negative medulla 
When the former is destrov ctl the laticr comes into v icw and the gram negative 
bacilli are considerable smaller than the gram positive cells The spores are 
stained with difficulty, and after staining with hot c.uM fuchsm arc cquallv 
difficult to decolorize, hence the vegetative cells may bo decolorized and stained 
with a contrasnng clvc 

The colonies of the anthrax bacillus arc irregular and have a curled or hair- 
like structure, giving what is sometimes called a “Medusa head" appearance. 
On microscopic examination tangled coils of long chains of bacilli may be 
found Hus colom i! apjvarancc is closely simulated hv Bacillus suhlihs and 
some other related suprnphvtic. acmhic. spore forming hicilh 

lunmio 7lscbr f. ImmumtJisf , 1*340, *37 443 
(Jhurihman Jinir Txp. Med. 1 *>27, 4ft 1007. 
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TULARAEMIA 


in America, particularly in the Western States ; ground-squirrels, hares and jack- 
rabbits are the animals chiefly infected. Burroughs and his colleagues (1945) give 
a list of 48 mammals and birds in which natural infection is known to occur. The 
lesions found in animals dead of the disease arc similar to those of plague ; there 
is a bubo, generally in the cervical, axillary, or inguinal region, containing dry 
yellowish, caseous material ; the spleen is greatly enlarged, very dark in colour, 
and contains yellowish-wliitc, discrete, caseous granules up to 1 inm. in diameter, 
projecting slightly above the surface; there arc numerous granules in the liver; 
the lungs arc rarely affected ; the organisms are present in enormous numbers in 
the spleen, in smaller numbers in the liver, bubo, and heart’s blood (McCoy and 
Chapin 1012). Experimentally the disease can be reproduced in ground-squirrels, 
gophers, guinea-pigs, rabbits, mice, and monkeys ; rats arc more resistant , cats, 
dogs, and pigeons appear to be immune. Feeding, nasal instillation, cutaneous, 
subcutaneous, intraperitoncnl, and conjunctival injection are all successful (see 
Chapter 34.) The disease appears to be spread by blood-sucking in e ects, especially 
ticks (McCoy and Chapin 1912, Francis 1921, Francis and Lake 1922, Parker etal 
192 4, 1929). According to Parker and Spencer (19206) the organism may be trans- 
mitted from infected female ticks to their progeny ; if this is true, it is one of the 
few examples known of the hereditary transmission of a bacterium by insects. 

The first case of the disease in man was reported in 1914 by Wherry and Lamb 
in the United States. From 1924 to 1937 inclusive, 8,022 cases of infection with 
358 deaths were recognized (Olson 1938), though there is reason to believe that 
numerous other cases occurred that were not diagnosed (see Francis 1921, Culpepper 

1920, Dieter 1926, Freese et ah 192G, Lavan 1926, Maclachlan el al. 1926, Parker 
and Francis 1926, Camming 1930). The disease has been met with in J&fW, 
where it is known as Ohara’s disease (see Ohara 1930), in Norway (see Wetting 
1930), in Soviet Russia (see Doubrowinsky 1930, Karpoff and Antonoff 1936), 
in Sweden (Olin 1938o, 6), in Austria and Czechoslovakia (Drbohlav 1937), in 
Turkey (Arar 1937), in France (Girard 1950) and in some other countries Ca*es 
are mainly sporadic, but occasional outbreaks have been reported The case 
fatality rate is about 5 per cent. 

Mode of Infection. — Infection of man is most commonly due to the handbag 
of infected rodents, and occurs either directly through contamination s 

with the tissues or indirectly through the bites of parasites. In the Unite a 
about 90 per cent, of cases are traced to contact with wild rabbits and hares ( um 
ming 1937), but in some instances infection is transmitted by wood ticks ' 
cenlor andersoni and D. variabilis) and deer flics ( Chrysops discalts) (see ra 

1921, Parker and Francis 1926, Hillman and Morgan 1937, Olson 19 )• 

In Norway and Sweden infection has been traced to hares (Thjotta 1 , ’ 

Olin 19386), and in Soviet Russia to water rats (Sarchi 1929, 1930), an 0 ^ 

(Turn an sky and Kolesnikova 1935). The “ lemming fever ’ of Norway, ^ 

follows the consumption of drinking water polluted by the bodies an exc ^ 
the lemming, is thought to be related to tulanemia (Thjotta 1931a). 
in man have been traced to contact with sheep, which may occasion^ J ^ 
from tularcemia (Parker and Dade 1929, Philip and Jellison 193o). s 
infection is said to be rare. The incidence of the disease is mainly m os a3 
of the population who are brought into contact with infected amma 
butchers, poultry-men, and trappers. Laboratory workers are o 11 m ^ 
(Parker and Spencer 1926a). Indeed there is probably no other orga 
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Physiology. The anthrax bacillus grows readily upon all the ordinary 
laboratory media, and growth is not improved by the addition of enriching sub- 
stances. It can be grown on simple synthetic media, thiamine, magnesium, iron 
and calcium are required together with a source of energy, and uracil, adenine, 
guanine and manganese markedly stimulate growth. 4 Growth occurs at tem- 
peratures as high as 41° to 43° C., with an optimum at 37° C. These bacillus 
are aerobic and facultatively anaerobic. Dextrose and trehalose are fermented 
rapidly but without gas production. Sucrose, maltose and some other carbo- 
hydrates are fermented less rapidly; lactose, galatose, mannitol, dulcitol, rham- 
nosc and xylose not at all. Gelatin is slowly liquefied but indol is not formed, 
nitrate is not reduced, and little or no hydrogen sulfide is produced. Milk 



is feebly acidified and is curdled by a rennet like ferment, and the case," . doudj. 
peptonized. On potato a gray, furry growth is produced; spore 
in particular abundance on this medium. , anthrax 

No cultural or biochemical characteristics serve to difFeren bacilli, 

bacillus from the very similar nonpathogenic saprophytic spor 
animal inoculation to determine pathogenicity is essentia ■ » ree 0 f re - 

The vegetative cells of the anthrax bacillus display t ie u resistant, 

distance to deleterious influences, but the spores are re a me > £ orm s 

although not so resistant as the spores of Bacillus su «s ^ (em pera- 

Graham-Smith 0 has found that spores exposed to day ig wen ty-two and 

tures would germinate after twenty-two years but not a nQt g en ni- 

one-half years; spores dried on canvas and kept in ern e °P es . j by boiling 
nate after thirty-five years. Anthrax spores are usua > e « res istance 
for ten minutes and by dry heat at 140° C. for three ° ur . f a ;l to kill 
to disinfectants is variable, for 0.1 per cent mercuric c on -^ing agents 

them in seventy hours, while those disinfectants whic ar 


* Brewer et al : Arch. Biochem., 1946, 19:77. R 

3 See, for example, Stein. Amer. Jour. Vet. Res , 1944, 

3 Graham-Smith. Jour Hyg., 1941,41:496. 
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arc much more effective, 3 per cent h)drugcn peroxide kills m one hour and 
A per cent potassium permanganate »n fifteen minutes In the animal carcass 
vegetativ c cells arc dcstro>cd during anaerobic putrefactive changes in sev cnt> 
two hours, but spores are viable under such circumstances for at least nine 
months. 7 In the sail anthrax spores may remain viable for man) scars 

Variation. The rough variant is the virulent and naturallv occurring form 
of B. anthracis. It was carls noted by Pasteur that prolonged cultivation of 
these bacilli at higher than optimum temperatures, 42.5° C., resulted in a loss 
of virulence and the appearance of asporogenous variants. A number of dif 
ferent types of variants arc produced by such cultivation at high temperatures 
or in the presence of dilute antiseptics. Smooth and mucoid types of colonics 
have been observed, anti some of these variants ma> be non-spore forming 
Virulence, however, is associated with the presence of a capsule, or the ahilitv 
to form one, rather than the abilitv to form spores, for both aspowgenous 
virulent strains and spore-forming av irulent strains may be found These prob 
ably do not occur in nature, however 
Toxins. Tlic anthmx bacillus forms neither soluble toxin nor endotoxin 
and its virulence appears to be associated with the glutamvl polypeptide cap 
sule. In this connection it is of interest that the capsular substance is not 
h)drohcd to an appreciable extent b> the proteolvtic cn/vmesof the body and 
is, in fact, excreted quantitativcl) by the rabbit. 1 low ever. Watson ft of.* have 
found that an inflammatory factor, not idcnttcal with the capsular material, is 
produced which gives rive to tissue damage simitar to that observed in infer, 
lions. The activity also resembles hv aluromdasc in some respects and interferes 
with the blood-clotting mechanism Sterile extracts of anthrax lesions, pre- 
sumably containing this .ictivitv, arc capihlc of producing histojxithologicnl 
changes comparable to those of the disease* A h) pcrglvcvmi i occurs during 
infection and in its terminal stages the disease superficial!) resembles mag 
nesium poisoning, a curious oliscrvation is tliai the injection of calcium salts 
appears to have vime protective effect. 

Tlic cause of death in anthrax still remains obscure In epical anthrax 
septicemia btcilh are found in immense numbers clogging the capillaries and 
it was earls supposed tint death tvsultcxl from tissue anoxia due to mochtnical 
interference with the cirailuion Death inn occur . however, in the ofrsence 
of great numlirrs of bacilli tn the blc*x! and this livpothcus is not trnvble,** 
Pnthogenlcllv for laiwrr Animal*. In nature anthrax is primarily a 
disease of cattle and sheep, horses and swine arc susceptible, but arc less 
commonly affn ted Whirl deer and other grrgwiom herbivore are liable to 
«*rati<»nal <mtl»rrvkv Tl»r smdlcr rodents are vrrv xrnvittvr to inoculation 
H dibits, guinea p«ev and white mkr are susceptible in that onk-r. ami are 
fatallv aflcctrvl In the Mi!<ti!annni« intrmluclion of a vrrv snail murder of 
vmdrnt knilh The vvlu'e »t>i use ruv succumb to inretilatm with a stmjlc 
hit dim of a bigblv virulent strain Carnivnniuv i"ini!i. tlvHtgh pnvesvmg 

•Stei „ Vet Mol, I^l*. 42 H 

Irf. I> J2t 

I*' •*>! | ««• Irf l> I'M*, «*» fa 

’•Vrilrfiivniflj. r’»n Vf.'irOrerisMVisn 1 Irf f). |»|* 


1032 


BRUCELLA INFECTIONS OF MAN AND AMMALS 

Grandi, G. (1933) Nuova vet., 11, No. 7, 29, No. 8, 14. 

Gregory, T. R. (1953) ./. comp. Path., 63, 171. 

Giukfitts, J. J. (1947) Pull. Jllth. Rep., Wash , 62, 865. 

Gmsstadt. (1910) J. comp. Path., 23, 279. 

GntrsipAcir, A. nnd Gniucncss, It. K. (1032) Arch. Ilyg., 109, 147. 

Goo li elmo, G. Dr. (1933) “ I,a Cura spccifica della Bruccllo3i.” OIEcina Graphics moderns 
Impegnoso and Pulvircnti, Catania. 

GivatKIN, It. (1938) Canad. J. Rea., 18, 353. 

IlABS, H. (1933a) Zbl. get. Ilyg., 23, 481 ; (1933!.) Ibid, 30, 369; (1933) Guridel, II 
Dio anstcckcndcn Krankhcitcn,” p. 135. Geo. Thicmc, Loipzi". 

Hags, II. and Sievert, U (1935) Dlsch. med. J Vachr., 61. 1393. 

Hadley, F. B. and Welsh, W. B. (1931) Cornell Vet., 21, 27. 

Hall, I. C. ami Learmonth, It. (1933) J. infect. DU., 5?, 27; (1931) Ibid., 55, 181. 
Hall, I. W. (1933) Proc. It. Soc Med., 26, 1100. 

Hardy, A. V., Frant, S , nnd Kroll, M. M. (1933) Vubl. Wth Rep, Wash., 53, 795 
Hardy, A. V., Jor day, C. F., and Borin, [. II. (193*) Publ. lltih Rep., Wash, 47, [87; 
(1930) J. Amer. med. An., 107, 559. 

Hardy, A. V., Jordan, C. F., Bouts, I. H., and Hardy, G. C. (1931). Nat. Inst UWi, 
Wash., Bull. No. 158. 

Haring, C. Jf. (193$) J. Amer. vet. med. Ait, 92, 52; (1039) lin'd., 94, 5S7. 
Haring, C. M. and Tr\um, J. (1937) J. agric. Ret, 55, 117 ; (1941) J. Amer. vet. med 
Ass., 98, 278. 


Harris, ][. J. (1950) Atner med. ,1m., 142, 101. 

Harrison, II. and Wilson, G. S. (1928) Lancet, ii. 1338. 

Hasley, D. E. (1930) J, infect. DU., 46, 139; (1931) Amer. J. publ. Illlh., 21, 515. 
Hasseltive, H. 12. (1930) Publ. Illlh Rep., Wash., 45, 1GC0. 

Hasseltine, H. E. and IvNtntrr, I. \V. (1931) Publ. Illlh Rep., Wash , 48, 2291. 
Hauftmvnn, W. (1935a) Zbl. Halt., 134, 221; (19356) Med. Klin., 31, 1174; (1937) 
Zbl. Balt., 139, 59. 

Haxtiiausen, H. and Thomsen, A. (1931) Arch. Derm. Syph., Berl, 163, 477. 
Heatiiuan, Ij. S. (1934) J. infect. Dis , 55, 213. 

Henricssov, E. (1932) “ Epizootiselicr Abortus und Cndufantfiebcr." Isaac Jlsrcas 
Boktryckcri-Akticbolag, Stockholm. 

HeureLl, W E. nnd Huinnt, T. K. (1950) J. Amer. med. Ass., 144, 519. 
Herrmann, O., Mirsabekjan, A., nnd Meorabjan, It. (1934) Z. ImmunForseh., 81, 5W 
Hieronymi, E. nnd Gilde, II. (1931) Z. InfeUKr. Hausliere, 47, 24. 

Hiloerminv, R. (1935) Munch, med. Ir«c 6 r„ 82, 98. 

Hillman. C. C. nnd Morgan, M. T. (1937) J. Amer. med. Asa., 108, 638. 

Hirscii, W. (1935) Arch. Schifft * u. Tropenhyg., 39, 30. ,,, 

IIOEDEV, J. VAN DER. (1931) Tijdachr. Diergeneesk., 58, 1321 ; (1932a) Ibid., 

(19326) Ibid., 59, 612; (1932c) Ibid , 59, 1383, 1440 ; (19324) Z. InfelMr.Uautm, 
42, 1 , (1933) J. comp Path . 46. 232; (1940) Tijdschr. DiergeneesL, 67, 910, 

Holl, L. (1930) O. Balt. Immun , 5, l. 

Holtu, H. (1011) Z. InfeltKr. flaustiere. 10, 207, 312. 

Holtuji, A. W. (1928) J. comp. Path., 41, 25, 79. 

IIorninq, B. G. (1935) J. Amer. med. Ass., 105, 1978. 

Horrocks, W. II. (1905) Rep. Comm. Medit. Fev., Part 3, p. 84. _ « 

Horrocks, W. H. and Kennedy. J. C . (1906) Rep. Comm, medit. Fev., I art , y- 
Hosty, T S nnd Johnson. M. B. (1953) Amer. J. pull. Illlh., 43, 30. 

How f, C., Miller. E S , Kell a . E. H , Boorwalter, H. L , nnd Klwnoson, • • 

New Engl. ■/. Med. 236, 741 ,.<,<>□. “ Brocel 

IltrDDLCSON, I. F. (1932) Tec. Bull., Mich, agric. exp. Sta , Ko. 1-3, | w I « I[I; 
losis m Jinn nnd Animals.” Humphrey Milford, London: (194-) •• 

(1943) Tec Dull Mich agric. Exp Sta , No. 182, p 45; (1949) Froc. * ' ^ 

Microbiol , Copenhagen 1947. p 231; (1950) Attracts of papers 5th mt tongr. 

Rio de Janeiro, 195D, p 90 

Huddleson, I. F. and Abell, E. (1928) J. infect. DU, 42, 24- 352 . 

Huddleson, I. F., Hasley, D. E, and Torrey, J. P. (1927) J. tn f e< *- v * . * /jg 33 ) 

Huddleson, I. F. and JonvsoN, II. W. (1930) J. Amer. med. Ass., 94, ^ • 

Amer. J. Iron Med., 13, 485. A „„ me A, J$s > 

Huddleson, I F , Johnson, II. W , and Hamann, E. E. (1933a) J. Amt . 

83, 16; (193 36) Amer. J. publ. Ulth., 23, 917. 

Hdddleson, I. F. and Monoer, M. (1940) Amer. J. publ. Him, uu.a A 
Huddleson, I. F. and Sjirrn, L. H. (1931) J. Amer. vet . med Ass., A), • . Undo- 

Hughes, M. L. (1893) Ann. Inst. Pasteur, 7, 628 ; (1897) “ Mediterranean, W 

lant Fever,” Macmillan & Co., London. 

Hutchings, L. M. (1950) See Report 1950, p 188. 



Bacillus— The Spore-forming Aerobes 
greater resistance than the herbivora, are nevertheless M ,c™ n ,;u„ , 

in h ,TJ° U<e b - y " h,< i h th f bac,l! ' Cnter lhe an important influaiK 

method XT™'' T* natural , infccti ™*' Subcutaneous inoculation it ifc 
fXwfnT l com ” Qn| y 'Practiced m experimental work, and is almost uni- 
sX th t / h - ,1,e . Drd, " ar >’ snul1 laboratory animals. Feeding experiments 
show that administration of.spore-free cultures even to highly susceptible ani- 
mals is Without result, owing to the destruction of the bacilli in the sto mac h, 
the feeding of spores, on the other hand, leads to infection of the more 
susceptible species although not so certainly as subcutaneous inoculation: re- 
sistant species, such as swine, may be infected through the alimentary tract 
on j vvjtJi difficulty. Infection through the respiratory tract is possible in the 
experimental animal but is probably almost unknown in the lower animals 
under natural conditions. 


In highly susceptible animals the disease is acute and runs a rapid course, 
the case fatality in cattle and sheep is about 80 per cent. It presents all the 
characteristics of a typical septicemia and local manifestations may be almost 
entirely absent. Enormous multiplication of the bacteria takes place in the 
blood and internal organs, and sections through the liver or spleen show the 
capillaries gorged with masses of bacteria. The spleen is of a deep-red color and 
greatly enlarged, hence the name splenic fever. The more resistant animal 
species do not develop this generalized infection, but the bacteria remain local 
ized in an abscess or carbuncle and fail to spread through the body. This is the 
case with the dog and m some forms of infection in man. In this respect anthrax 
furnishes an illustration of the general rule that when a bacterial invasion 
meets slight resistance from the animal tissues an abundant multiplication of 
the bacteria occurs throughout the body, while the possession of high powers 
of resistance is accompanied by a pronounced local reaction. Man stands 
perhaps midway in susceptibility between the dog and the sheep. 

Under natural conditions cattle and sheep are infected through the ali- 
mentary tract by swallowing spores while grazing in infected pastures As has 
been pointed out, spores are able to retain their vitality in soil for a long 
period, and pastures once infected may infect cattle after a lapse of as many as 
thirty years. Hides imported from China and other countries where the disease 
prevails are not uncommonly contaminated with anthrax spores, in the unite 
^* a * es sev ’eral outbreaks of anthrax among cattle with some consequent 
of human infection have been traced to the overflowing of pasture lan 


streams receiving the drainage of tanneries. j 

Cattle may also occasionally be infected by duect contact through wouna*. 
abrasions and other injuries to the skm; but alimentary infection is J 
the most common. Anthrax has been experimentally transmitted to suscep * 
animals by biting flies of various species that had previously fed on am 
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dying from anthrax. 11 The bacilli persist in the insects for only a short time 
Pathogenicity for Man. Three routes of infection of human beings 
arc known: (tr) through the skin, (b) through the respiratory tract and (c) 
through the alimentary tract. The bacillus is almost always transmitted to man 
through the agency of the lower animals rather than through other human 
beings. The persons most commonh affected are those having to do with 
cattle and their products, such as butchers, shepherds and herdsmen, handlers 
of hides, hair and fleeces. In the United States there were 357 cases of anthrax 
and 52 deaths in 1934-38, and in 1939-43 408 cases and 33 deaths. 12 The 
incidence of cases of infection from wool and hair increased nearly five-fold 
in the second five year period and over 90 per cent of the infections contracted 
in tanneries were from gait skins. During the first World War Jess efficient 
preliminary disinfection of hides and bristles permitted the introduction of 
anthrax-contaminated articles from parts of Asia and South America, and a 
striking increase in anthrax occurred from the use of shaving brushes— the 
bacilli were isolated from brushes purchased in the open market in some in 
stances. The bacilli are destroyed on such brushes by soaking m 10 per cent 
formalin at 110° F. for four hours Laboratory infections, sometimes fatal, 
have been known to occur with pure cultures of the anthrax bacillus. The case 
fatality of anthrax in man js probably about 20 per cent 
Cutaneous AnlUra\ (Malignant Pustule ) The most common form of an 
thrax in the human subject is due to skin infection, and usually takes the 
form of a localized boil or abscess, which often heals spontaneously hut ma> 
progress into a septicemic condition unless checked by incision or other surgical 
procedure Owing to the relatively high resistance of man septicemia docs not 
often occur, especially if the carbuncle lie incised and thoroughly drained 
Lesions of all sizes may be produced, from a minute pustule to a large abscess. 13 

Pulmonan Anthrax. The pulmonary form of anthrax due to inhalation of 
the microorganisms is the most dangerous, although not the most common, 
variety of the disease in man It is an occupational disease among those who 
handle and sort wools and fleeces and contract the infection hv inhalation of 
spores set floating in the air from the infected material, pulmonary anthrax 
is known in England as "woo /sorters' disease." It is eh.ir.nten/txl by mam of 
the svmptonis of pneumonia and often passes into a fatal septicemia. L\|vn 
mental air borne anthrax was studied mlcnsivclv hv Young, Zelic and l.in* 
coin 14 and it was found that a very few spores sufficed m the case of virulent 
strains, entering the tissues from the alveoli via the Ivmphatic svsteni. 'Die 
inhaled spores produced nnl) slight local reaction except for a clogging of the 
capillaries in the terminal stage of the disease 

Intestinal Anthrax. The alimentarv tract, although the usual path of infix' 
fection in cattle, is u*r\ rarelv so m man A few instances are on record of 
'• Mit/mam IIvr Lab Hull No II, 1914. t »ee alw> KrancscM ami Djirnorthn 
\cJnlind. Indixchr Iliad DicrRcnccvk , 1940, 52 3 V). 

' > Iiqt irf. Cimmitirc m Imimiru! Antlirn Amrr. Jnur Puli Hculih. 1945. 35 R50 
n for a discussion of cutaneous anthrax sec Ijncrt. 1941, iiHtl. Gold 

Arch Int Med. 1942, “O 78S. rilinieton. Katlull, H,i>l*sa!icr ami iliissc Jour Amrr 
Med Assn 194ft. lit NOS 

<*\o.int; Zello ami Lincoln Jour. Itif I)i ' '111 
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intestinal anthrax contracted through the medium of spore-infected food Sach 
cases occur among workers with animal products, and have probably ken due 
to lack of caution m handling food with uncleansed hands. Insufficiently 
amhrax fr ° m anthrax ' ,nfcc,ed anima,s ™y al “ I* a source of intestinal 


Immunity. The cause of the high natural immunity to anthrax possessed 
by the dog, the fowl and certain other animals has been the object of much 
experimentation, but no clear-cut explanation has as yet been found. The body 
ilmds of some species manifest bactericidal powers toward the anthrax bacillus, 
but there is no concurrence between the degree of immunity and the anthra 
cidal power of the blood serum. The blood serum of the highly susceptible 
rabbit is strongly bactericidal outside the body, but anthrax bacilli injected 
info the circulation seem to multiply freely in the blood stream. Blood taken 



Fig. 125. Bacillus subtilis, twenty-four-hour culture on nutrient agar. Crystal violet Stan* 
No spores have formed as yet. Note the typical arrangement of the bacilli X 1200. 


from the very resistant dog and fowl is practically devoid of bactericidal prop- 
erties. 

Acquired immunity to anthrax is a consequence of the presence of lhing> 
virulent bacilli in the body; suspensions of killed cells or completely aviru en 
bacilli do not produce an immunity. Pasteur devised a method for vaccina 
ing cattle and sheep against anthrax which is dependent on the subcutaneo^ 
inoculation of attenuated cultures. Two vaccines were used. The first vaccin 
consisted of bacilli grown at 42.5° C- for fifteen to twenty days and wou 
not always kill guinea pigs though still fatal for white mice. A -m cui- 
days a second inoculation was made with the “second vaccine o ci ^ 
tivated at the higher temperature ten to twelve days, which woul i S . 
pigs but not rabbits. Following inoculation with these two vaccines- ^ 
virulent culture could be injected with impunity. In spite or ® ( j ve 
due to the use of imperfectly standardized vaccines, this method °pF 
inoculation has proved, on the whole, of great practical value, in ra . te j 
000 to 50,000 cattle and horses and 250,000 to 550,000 sheep are vatx 
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ANTHRAX 


History 

Anthrax is a disease that has been known from antiquity. In earlier days, how- 
ever, it was not clearly separated from other affections closely simulating it. 
Marct (1752) and Fournier (17G9) defined the clinical typo of malignant pustule 
in man, and Chabcrt (1780) gave a clear description of anthrax in animals. In 
1823 Barthclemy showed that it was transmissible by inoculation. Rayer (1850) 
described small, non-motile, filiform bodies in the blood of sheep dead of the disease, 
and confirmed its transmissibility by inoculation. (For references see Hutyra 
and Marck 1922.) In a series of papers, Davaino (1863a, 6, c, 1864) showed that 
anthrax could bo transmitted to sheep, horses, cattle, guinea-pigs, and mice, by 
the subcutaneous inoculation of infected but not of normal blood ; that in such 
animals the bacilli did not appear in the blood till 4 or 5 hours before death ; that 
in tho blood they increased rapidly in numbers, and became filamentous; and 
that after death they disappeared as soon as putrefaction commenced. He showed, 
moreover, that tho blood of an infected animal, previous to its invasion with the 
bacilli, was non-infective, but that after invasion it was capable of conveying the 
disease ; that animals fed on infected viscera frequently became infected, but that 
animals fed on the putrefying organs of non-infccted animals did not do so ; an 
that after death from anthrax the spleen, liver, kidneys, lungs, blood, and, to a 
less extent, other organs contained the bacilli in large number's. In the same 
j r ear, Tiegel and Klebs (see Koch 1881) showed that anthrax blood, if filter 
through a clay candle, was deprived of its infectivity ; the filtrate was innocuous 
to animals, but the deposit on the filter remained active. These observa ions 
showed, as conclusively as could bo expected in tho absence of cultivation, a 
anthrax was caused by a living organism that multiplied in the body, mva 
the blood stream, and produced death by septicemia. To this organism ava,a 
gave the name of Bacleridie — a name by which it is still known among re f_ 
writers. Subsequently Davaine and Raimbert (1864) found the same orgain^ 
in a malignant pustule in man, thus demonstrating the etiological identity o 
disease in man and animals. g oc jj 

The final proof of the causative role of B. anlhracis was produced J ^ 
(1877), who, in a classic masterpiece which brought him suddenly into fame, g ^ 
a full account of the organism, described its formation of resistant s P or ®^^ 
cultivation in vitro, the reproduction of the disease by injection of pure cu > 
and the recovery of the organism from the animals at necropsy. 

The subsequent history of anthrax is largely connected with a emp 
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annually. Active immunization of rabbits and guinea pigs can also be effected 
by the injection of attenuated cultures, but with much greater difficulty. 

The simultaneous inoculation of anti-anthrax serum and a spore vaccine 
(Sobcrnheim’s method) has been quite extensively practiced in the United 
States in districts where anthrax is prevalent, and here, too, occasional infec- 
tions with the vaccine occur. It has been found by Cromartie et al. is that the 
sterile extract from anthrax lesions which produces histopathological changes 
comparable to those found in the disease is an effective immunizing agent m 
experimental animals The immunizing agent is, however, distinct from the 
inflammatory factor It was early postulated by Ascoh that immunity to anthrax 
involves some process which retards capsule formation, and the evidence of 




A 
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Fir. 126. Colonics of Itacillw subltlts on nutrient agar. Twenty four hour culture. Note 
the resemblance to colonies of the anthrax bacillus X 3. 

recent jears is in accord with this hypothesis, but very little is known of the 
mechanisms involved. 

The scrum of actively immunized animals contains specific protective sub- 
stances, 3nd inoculation with such antisera confers some degree of passive im- 
munity Antisera have been used in the treatment of human anthrax with 
encouraging results At the present time it is customary to treat anthrax cases 
with a combination of antiserum and arsenicals,'* and recent evidence sug- 
gests that penicillin is of value. 

Bartrrlologlcol 1)1 agnosia of Anthrax. If the specimen is fresh and 
not grossly contaminated the anthrax bacillus may be found in gram-stained 
smears as a rule and is readily cultured on the usual nutrient media. Such a 
specimen may al*» lie used for guinea pig inoculation, but it must be borne in 
mind that the sporulating obligate anaerobes will kill as rapidly as the anthrax 
bacillus In anv cj«e the isolated culture must be tested for pathogenicity by 

*' CVcmuftic. \V«v,n. and HrcUv: Jour. Inf. Dis, 19*7, SO H. 

’* Cf \iiict Pub Health Awn. Yearbook. Supjd. Amrr. Jnut. Pub Health, 1935, 
2? No 2 alwiCnml'hank Lancet. 19 W, u Aft I. 



1940 


ANTIUIAX 


animal to animal. Infection generally occurs by the alimentary tract from in- 
gestion of infected food. During the last stages of the disease in animals, the 
bacilli arc excreted in tho urine, faeces, and saliva. At the time of death and for 
some time afterwards, bloody infected fluid exudes from the openings of the body, 
and soils the neighbouring ground. The bacilli, which in the blood arc invariably 
in tho vegetativo form, after being voided from tho body soon produce spores 
under the influence of a suitable temperature and free access of oxygen. These 
spores aro extremely resistant to inimical agencies and may remain alive on the 
surface of the ground for as long as 12 years (Pasteur 1881a). Cattle or sheep 
feeding on this ground aro liable to bo infected ; the spores are taken in by the 
mouth ; they probably pass through the stomach unharmed, multiply in the small 
intestine, invade tho mucosa, and reach the blood stream. 

This view, which was largely dovclopcd by Koch (1881) differed in some rcspecta from 
that put forward by Pasteur (1BS0), who maintained that infection occurred through the 
mouth and pharynx. As cvidenco of this, ho showed that if sheep were fed on spares, 
a certain proportion died of anthrax ; hut that if to the infected food wero added prickly 
substances, such as tho pointed extremities of dried thistle leaves or barley spikes, which 
were able to causo erosions of tho pharyngc.il mucosa, the mortality amongst tho sheep 
was increased. Pasteur, moreover, maintained that earthworms played on important 
part in tho actual contamination of tho ground. Ho supposed that, when an animal 
was buried, tho bacilli oxuding from the openings of the body developed into spores, which 
wero then brought by earthworms to tho surfaco of the soil, where they were deposited in 
casts. It is doubtful what importance is to be attributed to this viow. Koch (ISS1), 
who examined a number of earthworms placed in artificially infected soil, found that they 
rarely became infected ; and ho brought indirect ovidonco to suggest that their role in 
the contamination of tho ground was negligible in comparison with that caused by the 
exudation of infected body fluids from animals just before or nfter death. It is probable 
that both birds and carnivora, by carrying portions of imperfectly disposed animal car- 
casses, can transmit infection from one area to another (Onieron 1945). 

The view that the infection of animals occurs chiefly by feeding on contaminated 
pasture land affords a possible explanation of the greater prevalence of anthrax 
in low-lying, marshy areas, and by the hanks of streams, where grasses and decaying 
vegetable materials arc abundant on which the bacillus may grow ; of the rise in 
incidence as soon as the weather becomes warm , and of the absence of ansestna 
prevalence of the disease in cold countries. It is, however, by no means clear t a 
the anthrax bacillus can multiply on the surface of the soil under natural con itions, 
and the view is held by some workers that the organism is an obligator) parasi e 
(see Mi nett and Dhanda 1911). The contamination of the soil may be ue, no 
to multiplication of the organisms out«idc the body, but to the favours )* e ec 
of a high temperature on sporulation. Minett (1950), for example, fount 
an open carcass spore formation occurred fairly rapidly in blood at 90 
that at 60-70° F. the bacilli disintegrated owing to the growth of contaminan 
before spore formation could occur. . , - 

In Great Britain, as already stated, the incidence is highest during * e j s 
months. This fact alone is sufficient to suggest that the mode of in ec ion^ 
different from that in warmer climates. Though occasional infection may oc^ 
by contamination of the ground with the effluents from tannery and other in 
works, M'Fadyean (19035) brought evidence to show that soil infection p a T® ^ cg 
part in the spread of the disease in this country ; and that the majori y o 
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animal inoculation. The animal will die in thirty-six to forty-eight hours after 
subcutaneous inoculation of a very small amount of culture. A gelatinous in- 
filtration will be found at the site of inoculation and the tissues of the animal 
contain enormous numbers of the bacilli; smear of cut spleen, for example, will 
show many of the large gram-positive bacilli. This demonstration of patho- 
genicity is sufficient for identification since none of the aerobic sporulating 
rods that resemble the anthrax bacillus is pathogenic for the guinea pig and 
similar experimental animals. 

A precipitation test, the Ascoli test or thermo-precipitation test, is sometimes 
used to detect anthrax contamination of hides or other tissues. The specimen is 



Fig. 127. Colonies of Bacillus mycoides on nutrient agar. Twenty-four-hour culture. X 3. 

extracted with boiling water and the extract used as an antigen in a precipitin 
ring test with very high titer anthrax antiserum. 


RELATED BACILLI 

As indicated earlier, there arc many species of aerobic sporulating bacilli 
closely related to and indistinguishable from the anthrax bacillus on any MS s 
other than pathogenicity. The close morphological similarity led many or ^ ^ 
early workers to describe “avir 
and "Bacillus anthracoides." T , 

tion. On the contrary, the vast majority of these bacilli are sapiopn>‘*'- . 
forms and are commonly found as contaminants on plates because ot 
distribution of their spores in dust. ind B 

Of the commonly encountered forms, B. subtilis, B. mega fa utosus, 
cereus are among the most familiar. B. mycoides , sometimes ca as a var iety of 
is closely related to B. cereus and is classified by Sergey ( o lc :n us in all. 
it rather than a separate species. There are some 33 species (1948) 

The following portion of a key to the genus is abridge r defined The 
and indicates the manner in which species are separa c noteworthy, 

close relation of the anthrax bacillus to the saprop )’ t,c 


1912 


ANTHRAX 


The second type of anthrax, which may take the form of m»,. 6UU u» FuailUlc or 
pulmonary disease, is dependent on infection acquired during the industrial treat- 
ment of animal products, and shows no special seasonal incidence. For convenience 
of reporting, the cases in this country are divided into 5 groups (Table 154) 

Anthrax is not a common disease in either Great Britain or the United States 
of America The number of cases notified under the Factories Act 1895 in England 
and Wales during the 20 years 1932-51 was 492, of which 46 were fatal. Records 
are not available for the number of non-industrial cases, but 35 deaths occurred, 
making a total of 81. In the United States during the 31 years 1919-49 the total 
number of cases was 2,447 ; of these, approximately two-thirds were of industrial 
and one-third of agricultural origin (Wolff and Heimann 1951). 

At one time anthrax was not uncommon in the woollen industries of the West 
Riding of Yorkshire and of Worcestershire, where the dangerous classes of raw 
wool from Asia Minor and Persia were used, but it lias now been largely brought 
under control. In the horsehair industry those using contaminated hair from China, 
Russia, and Siberia are chiefly affected. Among the dock porters anthrax is seen 
mainly m the ports of London and Liverpool. (For incidence of human anthrax 
in Germany, Austria, and the U.S.A., see Report 1934-5, Wolff and Heimann 
1951, Steele and Helvig 1953) 


TABLE 154 


Incidence of Industrial Anthrax in Great Britain * 


Year. 

Wool. 

Horsehair. 

Hiilei and 
Skies. 

Other 

Industries. 

Dock 

Labourer*. 

Total. | 

1913 . . . 

43 < 5 > 

5 01 

19(3) 

3 

3 

73 » ! 

1914 . . . 

29 <8 > 

5 

15 

GO) 

7 0) 

62 181 | 

1915 . . . 

26 «> 

2 

18<» 

3 0) 

0 


1910 . . . 

80 <»> 

6< 8 > 

18(3) 

2 



1917 . . . 

65 0» 

1 

29 » 

4 0) 

3<‘> 


1918 . . . 

49 <«> 

4 R) 

14 m 

1 

3 


1919 . . . 

34 ‘ 8 ‘ 

3«> 

16 (0 

4 (3) 

3 « 


1920 . . . 

25 "> 

6 U> 

17 *** 

1 



1921 . . . 

11 <*> 

4 0) 

go) 

2 n> 

0 


1922 . . . 

19 (si 

90 

16 w 

l 

1 

1*' 1 

1923 . . . 

14 Ol 

9 CJ) 

22 (» 

1 ») 


jrifl j 

1924 . . . 

19 » 

4 ID 

16(3) 

4 


* 

Total . 

414(89) 

57 

208 w®) 

32 « 

32 o« 

743 11511 j 


The figures in brackets indicate deaths. 

* For this Table, we are indebted to the kindness of Dr 
of Factories. 


. S. A. Henry, H.M. Medical Inspector 


In all but the woollen industry, the type of anthrax contracted is the ma *8°^ 
pustule. As infection occurs from contamination of the skin with the JQ ^ 
animal products, it is natural to expect that the uncovered parts of the 0 ' ^ „ 
suffer most severely. Legge (1934) gives the following table (Table 15 j). 60 r 
the site of the pustule. 

The site of the lesion varies, moreover, with the nature of the industry.^ 
porters, for example, are frequently infected on the back of the neck, wbic ^ 
open than other parts to excoriation. In butchers and others who have o 
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Mesopbihc, aerobic bacilli with spores ellipsoidal to c\ hndrical and central to terminal 
(I) Diameter of vegetative cells less than 0 9 m (small cell variet) ) 

CO Grow at pH 6 0, acet> lmethylcarbino! formed 

(a) Gelatin hydrolyzed 

(i) Starch bvdrolyzed, nitrate reduced to nitrite 
Bacillus stihtihs 

00 Starch not hjdroKzed nitrate not reduced to nitrite 
Bacillus pumihis 

(b) Gelatin not bydrolvzed 

Bacillus coagulant 

(2) No growth at pH 6 0 acctv Imethv Icarbinol not formed 

Ca) Casein digested, urease not formed 
Bacillus firtnus 

(b) Casein not digested, urease formed 
Bacillus lentils 

CII) Diameter of vegetative cells 0 9 m or more (large cell variety) 

Cl) Acetylmethy Icarbinol not produced 

Bacillus megatherium 
(2) Acetv Imcthylcarbinol produced 

(a) Saprophytic, usually motile 

Bacillus cereus 

Bacillus cereus var mjcotdes 

(b) Pathogenic, non motile 

Bacillus anthracis 

These forms can be distinguished from one another on the basis of details 
of spore formation, differential fermentations and the like, and constitute stable 
types Immunological investigation has confirmed the homogeneity of these 
types also The immunological spccificitv of the spores appears to he different 
from that of the cell substance, and Lamanna 17 has found that four main types 
of the small cell group can be distinguished though differentiation of the large 
cell group by this means is not so satisfactory. Sievers ,s has reported similar 
results in studies of the specificity of the cell substance. 

The pathogenicity of these forms is very slight at best but B. sublilis is oc- 
casionally responsible for infection, particularly of the eje, and rarely may 
produce a septicemia in the immature animal. Other bacteria of this group arc 
occasionally found to have feeble pathogenic powers. 1 Icaslip 1 ** isolated an 
aerobic sporulatmg bacillus which he called Bacillus tropicus by the inocula- 
tion of mice with blood from persons suffering from a mild infection in 
Australia called "coastal fever." This bacillus has also been found there as a 
natural parasite of the rat and the bandicoot. It appears to be very similar 
to a bacillus described by Scott many tears before as Bacillus scroftcus. Bacillus 
al vet, the cause of foulbrootl of l>ccs, is not pathogenic for man. 
it Lamanna Jour Inf Di>., 1940, 67-193, 203. 
i* Sicvcrs Jour. ISact . 1942, 43 305 
>'• Hcaslip Med. Jour. Australia, 1941, 2 536. 
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whenever a case occurs in an industrial establishment, anthrax bacilli can be found 
often in large numbers, widely distributed in the environment. 

Apart from malignant pustule, and the less common respiratory and intestinal 
forms of the disease in man, meningitis is occasionally caused by the anthrax bacillus. 

Bacteriology of Anthrax in Man and Animals. 

Anthrax is a disease that, when fatal, invariably terminates in septicaemia. 
Whatever form the disease takes — the malignant pustule, respiratory, or intestinal 
ifc is characterized by a primary local proliferation of the bacilli, with the for- 
mation of local lesions. The fate of the animal rests on the result of this local 
attack ; if it is resisted by the phagocytes and other defences of the body, recovery 
rapidly occurs ; if the bacilli prove too virulent, they invade the blood stream, 
and multiply abundantly. Invasion occurs late — generally not more than a few 
hours before death — and is accompanied by severe toxic manifestations. It is 
characteristic of anthrax that the bacilli remain confined almost entirely to the 
blood vessels ; they are found in maximum numbers in the capillaries of the liver, 
lung, kidney, spleen, intestine, and stomach, in smaller numbers in those of the 
brain, skin and muscle. Their distribution varies, however, with the animal 
attacked. In the blood of mice or rabbits, for example, there are few bacilli to be 
found ; in guinea-pigs there may be more bacilli than red blood corpuscles. In 
the larger animals they are usually plentiful, but pigs and horses may die before 
the organisms have proliferated sufficiently to be detected microscopically (Stock- 
man 1911). 

In man, the malignant pustule starts as a small area of inflammation. It 
increases in size at a varying rate. Coagulation necrosis of the centre occurs, 
leading to the formation of a brown, purplish or black eschar surrounded by an 
intermediate zone of vesicles filled with clear yellow or sanious fluid, and an outer 
zone of widespread cedema and induration. There is no true pus and very lift e 
pain (Hodgson 1941). The bacilli arc most abundant immediately below the centra 
necrotic area Invasion of the blood stream may occur, but the number of organ 
isms is seldom as great as in the larger animals (Eurich 1930). 

Experimental Production of Anthrax in the Larger Animals. — Under natura 
conditions, the disease is confined chiefly to the herbivora and to man, but occasion 
ally other animals are attacked. Experimentally the disease can be repro uce 
the herbivora, rodents, and ommvora ; birds, with the exception of sparro^ 
and to a less extent hens, ducks, and pigeons, are resistant. Reptiles and s a 
insusceptible to infection. 

Most of the early experiments on the larger animals were performed with 
blood of other animals, and it was found that for transmission to be success u c ^ 
precautions had to ba taken Putrid blood, for example, often proved n ° n " ,n food, 
did blood that had been rapidly dried after removal from the body.. On t c o c 
blood or tissues that had been dried slowly were found to retain their infectivity or _ ^ 
4 years (Koch 1877). The occurrence of these anomalies was shown by K° C1 ^j )Cf)Cver 
le dependent on the presence or absence of spore formation. Ho found ia ' v ^ ^ 0i 
the bacilli had formed spores, and these spores were capable of being cultiva e 
the material containing them was infective to animals. The blood of® ® U ot <, an ism8 
from a cow that had succumbed to anthrax proved innocuous, showing tba 16 ° 
had not passed the placental filter. . na turaUy- 

The disease produced in tho larger animals is similar to that occurring 
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The group of anaerobic sporulating bacilli includes a variety of forms. Some of 
these, the anaerobic nitrogen-fixing bacteria, the butyl alcohol and acetone- 
producing forms and others, have been discussed earlier (Chap. 4). Still 
others, however, are pathogenic for man and lower animals, and the more im- 
portant of these forms — Clostridium tetani, Clostridium septicum, Clostridium 
j vclchti, Clostridium ttotyi, Clostridium histolyticum, Clostridium chauvet , 
Clostridium hotultnum and the non-pathogenic but common species Clos- 
tridium sporogenes — will be considered here. 

The status of these bacteria as parasites is open to some question. They 
occur in the soil, in particular abundance in manured soils, and arc found 
in the intestinal tract of man and animals. Cl. welchit, for example, is uni- 
formly present in human feces, and the tetanus bacillus is often found (in up 
to 40 per cent of specimens examined) in the feces of domestic animals It 
has been assumed by some that these bacilli are parasitic and their presence 
in the soil is a consequence of contamination. Although their numbers are 
unquestionably greatly increased by manuring and other forms of contamina- 
tion, some have been found in virgin soils. It is perhaps best to regard them 
as essentially saprophytic soil forms that are capable of maintaining them- 
selves in the large intestine. 

None of these bacteria possesses any marked ability to invade the body 
tissues by itself. Cl. botuliuum is apparently incapable of setting up an infec- 
tion, while others, such as the tetanus bacillus, produce local infections when 
aided by traumatic injury to the tissues and frequently by the presence o 
other bacteria. Still others, such as the bacilli associated with gas gangrene, 
show pronounced invasive properties when once established, but the mitia 
invasion is made possible by other factors, usually trauma and the presence 


of other bacteria. , . 

The pathogenicity of the anaerobic bacilli is. rather, attributable to t a 
ability to form powerful exotoxins, a property which is curiously con me 
these bacteria, the diphtheria bacillus and possibly the Shiga 
bacillus. In the case of botulism the toxin is preformed outside t e anima . 
and, since it is unique in that it is resistant to the digestive en ^ 1 ^’ r n 
the body by way of the alimentary tract and absorption into t e is 
the other cases a focus of infection is established and the toxin , oim ene< 
point is disseminated through the body- In some instances, sue s ^ 

1 These and other anaerobic bacteria are considered at length bv «la- 

and Prevot: Les Microbes Aftaembte. Masson et Cie., Pans. I - 2938, 2 47 . 

ttonships of these bacteria are reviewed bj r McCoy and AfcCIung 
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lakhn, a large Gram-positive capsulated anaerobic bacillus which may invade the hied 
stream under certain conditions; the exclusion of this organism must rest on cnl 
examination. Their number varies greatly. In the fluid taken from a malignant pll(2 
man, they may bo so few as to escape observation ; lint if the base of the veAIe is 

scraped gently with the back 
of a scalpel and films arc 
prepared with the scrapings, 
or if sections are made of a 
portion of excised tissue, em- 
bedded in para ffin and stained 
. by Gram, the bacilli can 

generally be found. Not too 
much attention should be 
paid to negativo findings. 


/ 


Cultural Examination.— 
Where possible, fresh 
material should be used. 
Tho blood or tissue juice 
may be taken on a swab, a 
sterile thread, a fragment of 
earthenware, or a piece of 
gypsum that has been soaked 
in broth and subsequently 
sterilized (Strassburg 
method). The drying of the 
material prevents the des- 
truction of the bacilli by the 
bactericidal power of the 
scrum (Eunch 1933), facili 
tates their rapid sponng, and 
prevents the grow th of other organisms. Cultures are put up in the usual way on to 
agar plates and into broth, and the resulting growth is carefully studied. It is important 
not to confuse B. anthracia with other members of the aerobic spore-bearing group 
To avoid this, it should be remembered that the anthrax bacillus is non-motile, and 
liquefies gelatin slowly, whereas most of the other members are motile, and liquefy 
gelatin rapidly. (For the further differentiation of B. anthmeis from anthrax-hke 
bacilli, see Chapter 35.) 

If wool or hair is to be examined, it should be soaked in water or a weak solution of 
IvOH for about 4 hours and then squeezed or teased out. The supernatant fluid should 
be withdrawn, heated to 70° C. for 10 minutes, and distributed in quantities varying from 
0 02 to 2 ml. into pour plates of 1—2 per cent, peptone agar. After 16 hours’ incubation 
the plates should be examined for deep colonics, which often have a characteristic opq 11 ® 
white filamentous appearance with sometimes a nebula at one end (Eurich 1912) Sus- 
picious colonies should be subcultured into tho inner tube of a Craigie tube. The anthrax 
bacillus grows both on the surface and in tho depth of the medium without showing any 
evidence of motility. Further confirmation can be obtained by examining the growth 
on egg-yolk medium on which the anthrax bacillus gives a weakly positive lecithinase 
reaction, by testing its susceptibility to the specific bacteriophage of JIcCloy (1951), ® n 
by inoculation into guinea-pigs. 

Pearce and Powell (1951) described a selective medium for the suppression of k» 
bacteria It makes use of the fact that the anthrax bacillus is not inhibited by the presence 
of 50/igm of luematin per ml. in nutrient agar or by lysozyme. On this medium, P' 
ticularly if incubated at 39-40° C., less than 5 per cent, of aerobic spore-bearers in «>i • 



Fiq. 294 . — Bacillus anthracis. 

Smear from a malignant pustule in man, showing tho 
bacilli in small numbers ( x 1000). 
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an extensive local destruction of tissue occurs, but in general the diseases 
caused by these bacilli are essentially toxemias 

It will be clear from the foregoing considerations that infections with 
the sporulatmg anaerobes are not common under ordinary circumstances, 
for in most instances traumatic injury is a preliminary to infection On the 
battlefield, however, such injuries arc common, and tetanus and gangrene 
are not infrequent complications of war wounds. Such anaerobic wound 
infections were prominent in the first World War, perhaps as a consequence 
of battles fought over the heavih manured fields of France. The occurrence 
of gaseous gangrene during the World War II among troops in North Africa 
where the desert soil is relatively free of such forms suggests that clothing may 
be a more important source of contamination than had been supposed. 

Cl. Instolyticum is microaeropbihc, i.c , it will grow in the presence of 
small amounts of ovjgen, but the remainder of the forms considered here 


MORPHOLOGICAL AND BIOCHEMICAL CHARACTERISTICS 
Of THE MORE IMPORTANT PATHOGENIC ANAEROBES 



• si retain cly slight, t a acid, J strong, moderate and weak 


are obligate anaerobes They may be isolated in pure culture by picking 
colonics from a shake culture or from plates incubated in an anaerobic jar. 
All are large gram positive rods, non-encapsulatcd with the exception of 
Ci ii’cJcbit and motile by means of peritrichous flagella with the exception 
of Ci. uvfclin. Spores arc usually of a greater diameter than the vegetative 
cells and the spore-containing cells are spindle- or club-shaped The spores 
of the tetanus bacillus arc round and terminal, and those of the other bacilli 
oval and subterminal. Two general physiological tjpes of anaerobic bacilli 
mav bo distinguished, the one predominantly fermentative or saceharoljtic 
and the other predominant!) proteolytic. These and other characteristics 

I '■ arc produced in the fermentation 

. . . ' . " " ' . • Ter in this respect from the other 

pathogenic bacteria which produce non-volatile acid. i.e., lactic add, for 
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probably be better to use a serum containing precipitins for both components (see also 
Ivanovics 1939). 


Natural Immunity. 


The investigation of the natural resistance of certain animals to anthrax played 
a prominent part in the controversy between the cellular and humoral schools of 
immunity in the early days of bacteriology. Without attempting to adduce all the 
evidence that was brought forward during this controversy, we shall merely draw 
attention to some of the salient points. Von Behring (for references see Chapter 
52) found that the blood serum of the rat — an animal that is fairly resistant to 
anthrax — possessed a remarkable destructive action on the bacillus and he was 
led to conclude that the immunity of this animal was dependent on the bacteri- 
cidal content of its serum (seep. 1314). On the other hand, Jlefchnikoff acd his 
co-workers Btated that, though the blood serum of the rat is bactericidal in vitro 
to the anthrax bacillus, the blood plasma in vivo does not possess this action. 
Furthermore, the spores are able to develop in the body of the rat, and to cause a 
symptomless infection (Kritschcwski and Mcssik 1930) ; their further proliferation 
was said to be restrained by the attack of the phagocytes, which ingested and 
destroyed them. The serum of the rabbit, like that of the rat, has a bactericidal 
effect on the anthrax bacillus, yet the rabbit is susceptible to experimental inocula- 


tion with this organism. 

The dog presents another interesting example. When young it is fairly sus- 
ceptible ; when older it is more resistant to experimental infection. Nuttall 
(1888) found that the defibrinated blood of the dog readily destroyed the bacilli; 
MctchnikofE was unable to confirm this, but demonstrated a close correlation 
between the phagocytic activity of the leucocytes and the resistance of the 
animal. Methods such as removal of the spleen, or intravenous injection of fine 
wood charcoal, which served to divert the leucocytes, destroyed this resistance. 


Pasteur, Joubert and Chambcrland (1878) found that the natural rcslstanra or fort 
to infection with anthrax could be lowered by immersing them up to the thign3 n co 
water ; they concluded that the immunity of these birds depended on their lug nor ™! 
temperature (41— 12° C.), which interfered with the development of the bacillus. 3 
explanation was incorrect was shown by Wagner (1890), who found that the baci M 
veloped readily in the blood and blood serum of fowls outside the body, even at a tempera ^ 
of 43° C. Further experiments led to the conclusion that the immersion in cold wa er se ^ 
to lower the phagocytic response, and thus allow the bacilli to proliferate. e ® 5” ^ 
quote the experiments of Charon and Roger (1890), who stated that the na uro 
ance of rats could be broken down by excessive exercise, and of Preisz (190 ), ' T 
that frogs were resistant if kept at 18° C. but not at 30° C. tissues 

Weyl (1892) found that anthrax-infected threads, planted in the subcutancow 
of hens or pigeons, were rendered avirulont for mice in 4 days ; he satisfic im 
the bacilli wero killed by the phagocytes os soon as the spores germinat • _ _ 
Chauveau (18S0e) stated that, if anthrax bacilli were injected intravenous y 1 , 

cinated animals, the bacilli rapidly disappeared from the circulation, bein 0 
by the lungs and spleen; these bacilli, however, retained their vitality or S a t jnfiltra- 
Soberaheim (1904) likewise found that the bacilli could live for weeks in t o t j, es e 
tion produced in immunized sheep without undergoing any loss of virulence. Hgjues 
experiments, it is clear that a number of bacilli may remain alive and virulcn 1 
without giving rise to disease. ^ 

From these early observations it is difficult to draw any d r,,i t ' 0,ir ^ 11 
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the most part. Amino acids arc vigorously attacked by the obligate anaer- 
obes; some arc “fermented” to organic acids.- while others are mutually 
oxidized and reduced, a process that lias been discussed elsewhere (p. 106). 

TETANUS (CLOSTRIDIUM TCTANI) 

Tetanus is a disease of man and animals characterized by spasms of the 
voluntary muscles. The spasms arc often most marked in the muscles of 
the jaw and neck, hence the name “lockjaw.” The tetanus bacillus was first 
described in 188*1 by Nicofaicr, who observed it in the pus taken from mice 
and other animals that had died after subcutaneous inoculation with small 
quantities of soil. Kitasato isolated the microorganism in pure culture in 1889 
and demonstrated its caus.il significance. I Ic also proved the inability of the 
tetanus bacillus to invade the Wood stieam and showed the disease to be 



Fig. 128. Clostridium tetani in pure culture. Young, actiidy grovw'ng culture show- 
ing beginning spore formation. IVotc the rcfraetilc, unstained spores, the drumstic 
appearance when these are attached to the cells, and the tendency of the segefatne ce s 
to remain attached end to end. Fuchsm, X 1150. 


an intoxication. In 1890 von Behring and Kitasato laid the basis for anti- 
toxic therapy in their discovery of diphtheria and tetanus antitoxins. 

Morphology. Individual tetanus bacilli are slender, motile (20 to W 
pecucichous flagella), gram-pos/rivc, sporulating rods with rounded en s 
Their common dimensions are 0.3 to 0.5 p in width and 2 to 5 p in engt , 
but vegetative filaments of much greater length occur. The shorter orms 
are usually straight, filaments tend to curve in an undulating manner, o 
chains of rods may occur. The spore is spherical and terminal an arge 
diameter than the vegetative cell, spore-containing cells have a characters 
drumstick appearance (Fig. 128). Isolated colonies in deep dextrose ag 
a woolly appearance and may either be flocculent or have an 0 P^9 U . 

Surface colonies are flat, rhizoid, or even feathery, and frequently e. ce 

- Such as the comersion of glutamic acid to butyric and acetw acids, carb 
ammonia and hydrogen. Cf. Barker. Jour. Bact.. 1938, 36 
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of the imported animal products, wool, hides, horsehair, and so on, and partly to 
diminishing the risk of contact with dangerous material in the factories. For 
the various methods of disinfection, and for factory legislation, -the reader ia 
referred to textbooks of Hygiene. Briefly, however, the disinfection of bales and 
fleeces may bo accomplished by preliminary treatment with warm alkali and soap, 
followed by exposure to a 2 per cent, solution of formaldehyde and drying in hot 
air (Legge 1934 ; see also Wolff and Heimann 1951). For the disinfection of hides 
Robertson (1932) recommended the use of H Z S ; anthrax spores are destroyed in 
7-16 days. It is more usual, however, in Great Britain to treat them with 1/5000 
HgCl 2 and 1 per cent, formic acid for 24 hours, or with 2 per cent HCl and 10 per 
cent. NaCl for 48 hours, and then store them for 14 days. Hair and bristle should 
be autoclaved or exposed to warm formaldehyde vapour. (For information on 
other methods and disinfectants, see Hailer and Heicken 1918, 1950.) 

Vaccination. — In 1879, Chauveau (18806) found that an animal which survived 
inoculation with anthrax was more resistant to subsequent inoculations. The 
following year, Toussaint (1880a, 6) successfully vaccinated sheep with dcfibrinateJ 
anthrax blood that had been heated for 10 minutes at 55° C. In 1881, Pasteur 
(18816, c) introduced a method of vaccination, founded on the same principle as 
that which had been successful in diminishing the virulence of the organism of 
chicken cholera. He found that if the anthrax bacillus was cultivated in broth 
at 42-43° C., not only did it lose its power of forming spores, but it gradually 
decreased in virulence, till after 2 to 3 months it was no longer able to give rise to 
disease, even in the most susceptible animals. Pasteur prepared two vaccines ; 
the first or 'premier vaccin was a subculture in broth from a strain that had been 
kept at 42-43° C. for 15 to 20 days ; its virulence was such that it could kill dm® 
and young guinea-pigs, but was unable to kill adult guinea-pigs or rabbits. T e 
second or deuxieme vaccin was a subculture after 10 to 12 days ; it was much more 
virulent, being able to kill mice, adult guinea-pigs and a ccitain proportion® 
injected rabbits. . . 

Arrangements were made with the President of the Agricultural ® ocie ?,° 
Melun for a trial of this new method under field conditions. Accordingly ® 1 
5, 1881, on a farm at Pouilly-le-Fort, 24 sheep, 1 goat and 6 cows receive ^ 
first vaccination, and on May 17 they were vaccinated a second time 
more virulent but still attenuated strain. On May 31, Pasteur and his co-wot . ^ 
Roux and Chamberland, inoculated each of the vaccinated animals with a v ^ 
culture of anthrax ; at the same time a series of control animals consis t ^ 
24 sheep, 1 goat and 4 cows were similarly inoculated. Two days la e , ^ 
vaccinated sheep and the goat were in perfect condition ; the control 8 ee P ^ 
the goat were all dead. The 4 unvaccinated cows were suffering fiom ^ 
cedema and fever ; the 6 vaccinated cows had neither fever nor cedema. ^ ^ 
following day one of the vaccinated sheep died, but at necropsy it was oun 
carrying a foetus that had been dead for about a fortnight. 

The success of this experiment led to the vaccination on a large 
sheep in Europe, in South America, and in other countries. In 
collected the statistics that were available for the years 1882 -- f <?beep 

(Table 156) It will he seen that before vaccination, the mean morta i y t j 0Il 
was 10 per cent., of cattle 5 per cent Chamberland calculated that oB 

had effected a saving of 5 million francs on sheep, and of 2 nul ton 
cattle. 


. scale of cattle ®'' 
1894 Chamliffb* 
tn 1893 incM' e 
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mm in diameter. Later the centers may become slightly raised. Colonies on 
blood agar show hemolysis. 

Physiology. The tetanus bacillus de\elops in plain or de.\trose broth 
and in brain, meat, agar and gelatin media from which the air has been 
expelled by heating and excluded by some form of seal. If the depth of media 
is adequate, say 10 to 12 cm , no special seal is required, especially for the 
more viscous media. Growth occurs between 14° and 43° C, the optimum 
temperature is 37° C. 

The growth of Cl. tetmti is influenced greatly by the presence of associated 
microorganisms. In sugar-free media it may be grown in mixed cultures 
upon the surface of culture media in contact with air through the absorption 
of oxygen by the associated aerobes. But in dextrose broth the growth of the 
tetanus bacillus in mixed culture is likely to be inhibited by acid forma- 
tion due to the associated bacteria. Sugar-free media, such as meat infusion 
peptone broth or deep meat or brain media, are therefore preferable for 
initial culture from contaminated material Pure cultures may be isolated 
from these initial cultures by deep agar or surface culture methods. 3 It has 
been supposed that an initial heating of the contaminated material simpli- 
fies isolation of the tetanus bacillus by destroying the vegetative cells of other 
microorganisms that may be present, this method may, however, leave the 
spores of the tetanus bacillus still badly mixed with those of other aerobic 
and anaerobic bacteria, some of which may be more resistant than the tetanus 
spores. 

In pure culture, dextrose stimulates growth as in the case of the other 
anaerobes, although dextrose and other carbohydrates arc not fermented 
by Cl. tetani. Sporulation is not inhibited by carbohydrates, however, as with 
the fermentative anaerobes, on the contrarv, sporulation of the tetanus bacillus 
is accelerated in dextrose broth 

Growth in gelatin stab is slow at 22° G, but in ten days or so the charac- 
teristic inverted fir-tree type of growth is apparent. Incubated at 37° C. for 
two to three days, gelatin cultures usually fail to stiffen in the refrigerator 
Coagulated proteins, such as blood scrum and egg while, arc very slowly 
liquefied Deep brain and meat media may be slightly softened, but never 
digested fully, after several weeks a slight darkening occurs near the surface 
exposed to air. The tetanus bacillus is, therefore, only weakly proteolytic. 
Amino acids are, however, utilized readily but not by paired oxidation- 
reduction, glutamic acid, aspartic acid and serine, for example, arc attacked 
directly with the formation of CO_>, NI I-, and acetic and butyric acids. 4 Both 
ammo acids and carbon compounds arc readily dehydrogenated '* In litmus 
milk there is reduction of the indicator and sometimes a slight precipitation 
of the casein. Nitrates arc not reduced to nitrites, but hydrogen sulfide and 
indol arc produced. 

The tetanus bacillus has been grown in synthetic media and its growth 
requirements arc relatively complex, including the amino acids arginine, 
histidine, tyrosine, valine, leucine, isoleucinc and tryptophane, the bacterial 

>Cf Rccd and On Proc. Snc. Exp Biol. Med . 1941, 48:535, War Med.. 1941, 1:493. 

« Clifton- Jour. Bact.. 1942. 44 179. 

4 Pickett. Jour. B«»I Giem , 1943 , 151 203 
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loiter Sterne (1935)) in South Africa introduced a vaccine prepared by suijx-ml- 
mg a virulent uncapsulatcd aporing bacilli in 50 per cent, glycerol saline. Tests 
on million cattle aiul several thousand horses and sheep arc reported to haie 
shown that this vaccine gives as good protection as the saponin vaccine, and has 
the advantage of being safer and producing less reaction In Great Britain a 
combination of the two methods is used, Sterne’s strain being suspended in saponin 

Reference may be made briefly to Cienkowsky’s method, which consists of 
the use of two vaccines of spore-bearing bacilli attenuated by heat and standardized 
in virulence by repeated passage through gophers {Zieselmaus). It has been 
used chiefly in Russia, and also in Japan (Poppe 1922). 

Sobernheiu’s Combined Method. — This is a method of combined active and 


passive immunization. Sobcrnheim {1902, 1904, 1906) prepared an immune 
serum by injection of cattlo or sheep with cultures of increasing virulence. For 
his vaccine, he used a culture slightly attenuated by growth at 42-5° C. In practice, 
simultaneous injections are made, beneath the Bkin, of 10-16 ml. of immune serum 
and 0*5-1 -0 ml. of vaccine. This method has been extensively adopted in Germany 
and South America, where it appears to have given good results. It has the merit 
of requiring injection on only one occasion instead of two ; of conferring a passive 
immunity which protects the animal while an active immunity is developing ; and 
of being attended by very little danger. It can be employed after an epidemic has 
broken out, without fear of rendering the animals more susceptible to infection. 

None of the methods in use confers an immunity for more than 9 months or a 
year ; hence vaccination must be repeated annually. It is extremely difficult to 
gather from the imperfect figures that have been reported what the value of 
vaccination really is. Instead of vaccinating alternate animals, and comparing 
the mortality of the vaccinated with the control animals in the same herd, tie 
experiments have nearly all been made by vaccination of the entire herd, an 
comparing the mortality of the vaccinated animals with that of the non-vacciuate 
animals during previous years. The evidence is therefore circumstantial, an 


cannot be considered satisfactory. _ _ . , . , 

On the whole, however, vaccination doe3 seem to be of value in districts in w « 
the disease is rife. It should never be employed in countries where merely spora w 
cases occur, for the living bacilli that are injected may actually help to spre3^ 
rather than to restrict the disease. Of the various methods referred to, the 
Carbozoo vaccine seems to enjoy the greatest favour at present for the rou i 


immunization of large animals. t b no 

No satisfactory vaccine is yet available for man, though there secm ® 0 ^ 

reason why a vaccine prepared by Gladstone’s (1948) technique s ' l0U n °, 0 f 
tried. Its use would, of course, be limited to those specially exposer to ie r 


infection . d|0ll 

Serum Treatment. — Several workers have prepared an immune serum *> ^ 

of animals with cultures of increasing virulence, and have found it ca P a / e ^ 
ferring passive immunity on rabbits. Sobemheim, in particular, oi a,ne . 
factory results both for protective and for therapeutic purposes with ,mm “ l neUr 
and cattle serum, but speaking generally the serum treatment of anima s i 
been employed on a large scale , g djV o 

In man, on the other hand, serum treatment has been extensively 0?3 

(1895) first immunized sheep, but later (1896, 1898, 1901) f °“" ‘ j, f „„(),«* 

gave the most satisfactory results In 1903 Sclavo collected lut c 
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experimental data have been presented in support of the theory of the axis- 
cyhnder pathway,” and as yet no conclusion may he drawn. 

Tetanus toxin possesses a strong affinity for the cells of the central nervous 
system, as evidenced by the now classic experiments of Wassermann and 
Takaki. 7 A mixture of toxin and brain substance can be injected into an 
animal without producing any toxic effect, the toxin apparently entering into 
a firm combination with some ingredient of the nerve substance. Not only the 
central nerve ceils, but to some extent other tissue cells, are able to bind tetanus 
toxin. Subcutaneous inoculation is less likely to result fatally than direct 
inoculation into nerve tissues because some of the toxin is bound and pre- 
vented from reaching the highly sensitive nerve cells. 

Pathogenicity. Tetanus is essentially an intoxication. The bacilli set up 
a localized infection and the toxin formed there is disseminated through 
the body and gives rise to the symptom-complex characteristic of the dis- 
ease. Bacillemia may occur very rarely, however, and has been produced 
experimentally. The bacilli generally gain entrance to the tissues by means 
of a deep, dirty wound which may be relatively small, so small sometimes 
as to escape serious attention. The widespread occurrence of the tetanus 
bacillus would seem out of harmony with the relative infrequency of tetanus 
infection but, it may be noted, mere introduction of the bacillus into the 
body is not sufficient to produce the disease; the microorganisms must find 
favorable conditions for proliferation at the site of penetration. Experi- 
mentally, pure cultures of vegetative cells or spores that have been freed 
from toxin cannot germinate in uninjured tissues, but simultaneous inocu- 
lation with common saprophytes, such as Bacterium prodigiosuvt, or with 
irritant chemicals, such as calcium salts or lactic acid, enables the bacilli to 
grow and form toxin. As indicated elsewhere (p. 74), a sufficiently low 
oxidation-reduction potential is necessary for the germination of tetanus spores, 
and it is not unlikely that the potential of normal tissues is too high to allow 
germination but is reduced by injury. 

Tetanus of the newborn ot tetanus neonatorum is a consequence of Infec- 


tion of the umbilicus through septic midwifery. It is especially common among 
the Negroes of the southern states and in other races living under unhygienic 
conditions. < . 

The tonic spasms characteristic of tetanus usually begin at the site or 
infection, and the initial symptoms may include headache and stiffness o 
the neck. The spasms may remain localized in mild infections, but usua y 
they are general and involve the whole somatic muscular system. Postmortem 
findings are insignificant; other than a moderate congestion, the organs s iow 
no pathological changes and the initial lesion may, of course, be inappa* cn 
or small. . 

The incubation period of tetanus is variable and may range from ' 
fifty days. The case fatality is inversely related to the incubaticm time; .t m > 
be as high as 70 to 80 per cent or as low as 15 to 20 per cent. Deat , 1 ‘ 0( p 

follows relatively soon after the appearance of symptoms; t e i 

18 C /. Friedemann, Hollander and Tarlov: Jour. Immunol., 19-41, ^ 

Science, 1947, JOS: 180. , , , .... 

1 T Wassermann and Takaki: Ber. klin. Wchnscnr., loVa, > 
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13,124 animals after operations or accidental wounds, without the occur- 
rence of a single case of tetanus. During the same time two veterinary sur- 
geons alone saw 139 cases of tetanus among animals which did not receive 
the treatment. The figures of Nocard and Labat added to Vuillards data 
cover the cases of 16,917 animals receiving prophylactic injections; among 
them only one horse had tetanus. In this C3se the antitoxin was given five 
days after the wound and the attack was mild. 

It is probable that in many cases tetanus is averted in man by the prophylac- 
tic use of antitoxin. Even though the disease is not prevented the incubation 
period is delayed and the disease may be very mild or remain localized. Pre- 
cise statistical evidence involving comparable series of controls is not, of course, 
available, but the experience of the first World War was that with increased 
use of tetanus antitoxin there was not only a lower incidence of the disease 
but an increase in mild and chronic cases. Passive immunization provides anti- 
body in the circulating blood which combines with toxin and renders it 
harmless. The avidity of the nervous tissue for tetanus toxin is very great, how- 
ever, and symptoms may appear in spite of the presence of circulating anti- 
body. Passive immunity is transient, of course, and repeated injections of anti- 
toxin at six* to seven-day intervals must be made as long as danger of infection 
remains. 


The Therapeutic Use of Antitoxin. Tetanus antitoxin appears to have but 
limited therapeutic value. It is obvious, of course, that symptoms result from 
damage to the nerve tissue and the administration of antitoxin will neither 
repair such damage nor displace the more avid nerve tissue already in com- 
bination with toxin. Reports on the therapeutic value of antitoxin are con- 
flicting; some workers contend that intrathecal administration either alone or 
combined with intramuscular injection has a beneficial effect. The records of 
Cook County Hospital in Chicago, however, show that the therapeutic use of 
antitoxin has not reduced the mortality from tetanus there. 22 

Active Immunization. In recent years some emphasis has been placed upon 
active immunization against tetanus, particularly by the French workers. In 
a summary of the results of twelve years' experience with active immunization 
of horses and men with formol toxoid, Ramon 23 states that in one cavalry unit 
in which tetanus was endemic more than 50,000 horses were immunized over 
a ten-year period and tetanus has practically disappeared, and in a million and 
a half human beings immunized with toxoid no case of tetanus has occurred. 

With the beginning of the second World War, active immunization against 
tetanus was adopted by the armed services of France, Britain and tbe Umte 
States. Both fluid and alum-precipitated toxoid are used, in this country t e 
former by the Army and the latter by the Navy, and appear to be equa y 
effective though three doses of fluid toxoid are required as against two oses 
alum-precipitated toxoid. No international standard exists far ' 

the United States Army specified that the toxin contain at least 10, ww 
pig MLD’s per ml. and be detoxified with 0.4 per cent formalin; the bnai prep- 
aration must be atoxic for guinea pigs in 5 ml. amounts, ^ndpsgs rec f JV \ n .. _ 
ml. as an immunizing dose must be able to withstand 10 MLO a ox 


22 Calvin: Jour. Amer. Med. Assn., 1930, 94*1977. 

23 Ramon. Rev. Immunol., 1939, 5.477. 
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an entrance to the bacilli— tetanus neonatorum ; and in mothers tetanus occurs 
though rarely, as the result of infection in the post-partum genital tract. Infections 
of the face or head give rise to a peculiar form — cephalic tetanus— characterized 
by facial paralysis and dysphagia. Visceral tetanus is an uncommon form, in 
which infection appears to originate from the bacilli in the intestinal tract 
In this country the disease is comparatively uncommon. From 1915 to 1924 the 
mean annual number of civilian deaths in England and Wales was 157*7, of which 
123*2 were in men and 31*0 were in women. In the years 1931 to 1948, the number 
in men declined from over 90 to less than 50 a year — an incidence change from 
about 5 to 2*5 per million ; in women the annual number varied between 18 and 29 
Rural populations arc more prone than urban (Conybeare and Logan 1951). In 
1909 there were 1,373 deaths from tetanus amongst 732,528 deaths from all causes 
in 18 states of North America ; of these 30-7 per cent, were in children under 
1 year (Osier 1920). At one time the 4th July celebrations were followed by a large 
number of cases, usually resulting from blank cartridge wounds (Smith 1908) In 
other countries, particularly in the tropics where hygiene is primitive, the disease 
is more widespread. 


During the war of 1914-18 the total number of British 
wounded on all fronts was officially reported as 2,032,142; of 
these 2,385 developed tetanus — an incidence of 1*17 per 1,000 
wounded. The ratio was much higher at the beginning of 
the war (sec Figs. 295 and 29G). Among British and other troops 
in the African and European campaigns of the 1939-45 irar, 
Boyd (1946) recorded an incidence of 012 per 1,000. 

B. Incubation Period.— In patients not receiving prophy- 



Fia. 295. 

The ratio per 1,000 of cases of tetanus to wounded. (After Bruce.) 

lactic injection of antitoxin the incubation period, after a severe wound, 
from about 2 to 30 days ; the commonest time of onset is 7-10 < ays. 
the 1914-18 war the incubation period lengthened — partly on accoun o 
of antitoxin prophylactically ; thus m cases treated in home hospi as^ j n 
bation period increased from an average of 11*8 days in 1914 o J 
1918-19 (Bruce 1920) In the actively immunized, on the other h< 
incubation, period is shortened (Boyd 1946 ; see p. 1975). 'ofection, 

C. Fatality. — This depends on the nature of the wound, the s ^ e .° ce , rate( j ) or 
and the treatment accorded. Severe wounds, especially “ ° ee ^’ , ^ up ner ex* 
badly soiled, are characterized by a high mortality. Wounds o (Bruce 

tremities are more dangerous than those of the trunk or lower ex re 
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end of six weeks. 24 More rapid methods of assay using mice have been sug- 
gested. For immunization three doses of I ml. each are given at intervals of 
three weeks and a stimulating dose one year later. The value of more than two 
doses is illustrated by Evans 23 who found that the mean antitoxin titer after 
two inoculations was 0.35 1U (International Units) but with a third inocula- 
tion ten months later the mean titer rose to 10 IU and eighteen months later 
was still 0.37 IU. 

In practice this immunization appears to be highly effective In the period 
1942-45 only 12 cases of tetanus occurred in the United States Army, of 
which 6 were in unimmunized persons, 20 and 4 cases in the United States 
Navy of which 3 were in ummmunized persons; in contrast a tetanus rate of 
about 10 per 100,000 wounded prevailed in the Japanese army and navy 
which did not practice routine immunization. British experience in the Middle 
East war zone similarly indicated an effective immune response, though in 
most cases only two doses were given. 27 The success of active immunization, 
coupled with the low incidence of untoward reactions (reported to be 1 in 
10,000 immunizations with improved toxoid), has suggested its more general 
application in civil life. In France, where active immunization to tetanus has 
been of more and earlier interest than elsewhere, it has been made compulsory 
as with diphtheria immunization. 28 In this country considerable interest has at- 
tached to combined tetanus and diphtheria immunization of children 

GASEOUS GANGRENE* 9 

Gaseous gangrene is a syndrome often following dirty, lacerated wounds, 
especially those involving fractures. It is a characteristic complication of war 
wounds, and present knowledge of this affection was largely developed during 
the first World War But this disease is by no means so rare in civil life as was 


OUTSTANDING PATHOLOGICAL CHANGES IN GUINEA PIGS INOCULATED 
WITH ANAEROBES OR THEIR TOXINS 
(Hall) 
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*• Long Amcr Jour. Pub. Health., 1943. 33.53 
*'• Eians Lancet, 1943, >i 316. 

** Long and SartucII Bull. U. S. Army Med. Dept , 1947. 7 371. 

* T Bo\d and MacLcnnon Lancet, 1942, i 745. 

*" Bull. Ofiicc Internal. d'H>g. Pubhquc, 1940, 32 748 

*’ Sec the general review by Danielson' Trans. New York Acad Sci . Ser II, 1947, 
9 297. 
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Animal F^ces. — Toledo (Toledo and Veillon 1891) demonstrated the presence of Ct 
tdani in horse and in cow dung. Noble (1915) found it in 18 per cent, of 61 sample* of 
horse ffcccs examined, but not in any of 21 samples of cow faeces. Sanfclicc (1893) demon 
strated it in 7 out of 23 samples of normal guinea-pig feces. Fildes (1925a) isolated it 
from 34 out of 200 samples of normal horse feces from London stables. Kerrin (1929) 
found it in 8 out of 53 samples of horse feces, 4 out of 21 samples of cow, 6 out of 23 /ample* 
of sheep, 17 out of 37 samples of dog, 52 out of 141 samples of rat, and C out of 34 samples 
of hen faeces. Approximately half of the strains proved to be atoxic. 

Human FaiCES. — Pizzini (1898) demonstrated the prcsenco of Cl. felani in human 
faxes ; he found it in 3 out of 10 samples from ostlers, and in 2 out of 90 samples from 
peasants. On the basis of these results, it has been generally assumed that contact with 
horses strongly predisposes to the carrier condition in man, hut we doubt if this assumption 
is justified. In this country Tulloch (1919-20) found the tetanus bacillus in 5 out of 31 
specimens of feces, and Fildes (1925a) only' twice in 200 specimens, while Ivcrrin (192*’, 
1929) failed to find it once in an examination of 304 samples of adult stools. Similarly 
Sclicunemann (1931) in Germany was unable to isolate it fiom 50 samples of human 
feces. Bandmann (1953) recorded its absence from 92 Btools, and summarized son* 
earlier investigations, in which the fecal carrier rates lay betw een 0 and 40 per cent. Tfe 
tetanus bacillus must be ingested frequently' with raw food, but tho evidence suggest* that 
it is an organism of passage, which docs not find a natural habitat in the human intestine. 

Reproduction of the Disease in Animals. 

Tetanus can be reproduced by the inoculation of pure cultures or of toxin into 
mice, rats, guinea-pigs, rabbits, goats, sheep, horses, and monkeys. Cats and dogs 
are more resistant ; birds and cold-blooded animals are highly resistant. ft* 
most susceptible animal, calculated on the amount of toxin per gram of ood; 
weight necessary to prove fatal on injection, is the horse. This is about 12 time* 
as susceptible as the mouse ; the guinea-pig is 6 times, and the monkey 4 tim'N 
as susceptible as the mouse (von Lingelsheim 1912, Sherrington 1917). On If 
other hand, the rabbit is twice, the dog 50 times, the cat 600, and the hen 30, w 
times as resistant as the mouse (Kitasato 1891, von Lingelsheim 1912). r °r ‘ 
description of the lesions produced in laboratory animals reference should he f 
to Chapter 36. 

Mode of Infection in Tetanus. . 

VaiJhml and Rouget in 1892 found that, when tetanus cultures were 
to 65-07° C for half an hour *o destroy the vegetative bacilli mid the toxin. ^ 
toxin-froc spores remaining could be injected in large numbers into a giunrafe 
without giving rise to the disease The spores did not germinate in t ll> 
but were rapidly taken up by the phagocytes, so that in 2 or 3 days they n<rcc ^ 
pletely ingested. When, however, the spores were protected from the 
by being wrapped m filter paper, they germinated and gave ri^e to la a ^ 
The same results could be obtained by inflicting a trauma at the f-ite 
sufficient to cause tissue necrosis or effusion of blood, or by creating a c | r> m. 
fracture. In the damaged tissue the spores were able to germinate, wheria^in ^ 
aseptic wounds they were unable to do so The presence of other organ* >n , 
larly aerobic, in the wound also permitted the germination °f jf.er 

these observations it appears that toxin-free .sjKires arc innocuous, ><■ 
can be activated by injuring the tissues or by a secondary infciimn 

These observations were extended by several » orders. I Inis Jt] , m[ [(nn<“e' 1 * 

that toxin free spores were rendered pathogenic for guinta-pigs ) " 
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formerly thought. 7 he increased numl)cr of injuries in automobile accidents is 
responsible for many eases of gangrene. Men injured about railroad tracks, 
either employees or vagrants, seem particularly prone to develop gaseous 
gangrene, if not properly and promptly treated. Certain forms of peritonitis, 
appendicitis, intestinal obstruction, puerperal sepsis and postoperative infeo 
tions (particularly after laparotomy) are etiologically closely related to it. 

In the fulminating form of gaseous gangrene the muscles become filled 
with gas and with a scrosangincous exudate depending for its character upon 
the associated microorganisms, for this disease is nearly always a mixed infec- 
tion of aerobes and anaerobes of several species. The accompanying table 
shows the chief pathological changes in guinea pigs inoculated with various 
anaerol>c$ or their toxins. 


Tin: FREQUENCY 01* OCCURRENCE OF ANAEROBIC BACILLUS SPECIFY 

i.\ caseous gangrene 


Species 

! Mixed Anaerobic Flora 

Pure Anaerobic Flora 
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Cl. aerofoetiJum 

5 
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2 

1 6 
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Cl. liifcnurulrits ( sordtllii ) 

2 

1 6 



Cl Irr liu m 

1 

0 8 

— 


Bacillus II of Glion and Sachs 

1 

0 8 





Weinberg ami Seguin 30 studied 126 cases of gangrenous wound infection 
other than tetanus. Of these, 35 were phlegmonous and 6 of them yicldcdon j 
aerobic bacteria; the remainder contained anaerobic bacilli. Thus aerobes are 
apparently able to produce gaseous phlegmons, but the number of such eases 
is small; gaseous infections arc predominantly anaerobic and the role of zero 
is, as a rule, only accessory. Of the 12 eases of anaerobic infection, °° 
tained both aerobes and anaerobes; 70 contained more than 1 anaero a 
50 but a single anaerobic species. The frequency with which t ie ^ari 
anaerobic species were found is summarized in the accompanying ta e. 1 
data collected during the World War II by MacLcnnon 3 sho\\ cc son ^ ^ 
different proportions but the same general trend, a predominance 
u'dchti, Cl. vovyi and Cl. septicum. . , . j an d 

Clearly, then, the bacteriology of gaseous gangrene is comp 


30 Weinberg and Seguin: L a Gangrene Gaztuc. Masson et Cie., Pans. 

31 MacLcnnon: Lancet, 1943, i.63, 94, 123, tbid., 194 , u 
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areas of necrosis were produced, either by earth or by calcium chloride. Fildes considered 
that in the normal tissues the O-R potential is sufficiently high to prevent the spores from 
germinating ; but that in areas of necrosis the potential falls to a point sufficiently low 
to permit of their germination. 

Further observations by Fildes (1929a, b) and his colleagues (Knight and Fildes 1930, 
Campbell and Fildes 1931) greatly strengthened this view. Tetanus spores were unable 
to germinate in a medium of pH 7-0-7 -6 unless the oxidation reduction potential was re- 
duced to Eh + 0-1 volt or below. The Eh of the subcutaneous tissue of the guinea pig 
was found to be above this level. If, however, the partial pressure of oxygen in the tissues 
was lowered by keeping the animals in an atmosphere containing only 7 per cent., instead 
of the normal 21 per cent., of oxygen, then the Eh was reduced to a level at which germina 
tion of the spores in the presence of a mild activating agent such as aleuronat was often 
rendered possible. (See also p. 1384.) 

From these observations we may form a conception of the genesis of tetanus 
in the body. When tetanus spores are introduced into a wound by contamination 
with earth, horse faeces, or other material, their fate depends largely on the presence 
or absence of certain accessory factors. Many of these have been described— 
notably trauma, htemorrhage, tissue necrosis ; chemicals such as lactic acid, 
saponin, trimcthylamine, colloidal silicic acid, and ionizable calcium salts ; and bio- 
logical substances such as the toxins of Cl. septicum and Cl. wdchii. Which of 
these factors is the more important it is impossible to say ; recent work tends 
to ascribe less importance to mechanical injury, and more to calcium salts 
and the toxins of other anaerobes. The presence of a suitable accessory factor 
enables the spores to germinate and multiply in the tissues ; it seems probable 
that this action is dependent on the production by tissue debilitants of an area 
of necrosis with a sufficiently low oxidation-reduction potential to permit the spores 
to germinate A similar local debilitating action by gelatin, vaccine lymph, an'i- 
toxic sera and bacterial vaccines is probably the reason for the tetanus that 
(1908) records as following the injection of these substances. In post-opera ne 
tetanus the spores may be derived either from infected catgut (see Smith • 
Mackie 1928, Mackie et al. 1929, Bulloch 1929, Savolainen 1950), imperfec^ 
sterilized instruments or dressings, plasters and talcum powders, or 
source such as the intestinal or the respiratory tract (sec Carbone an erre 
1895, Motzfeldt 1912, Wright 1930, Trcmewan 1946, Murray and Benton I 

Absorption and Mode of Action o! Tetanus Toxin. 

The absorption and mode of action of tetanus toxin has provided a P r0 ^® g0 
extraordinary interest to experimental workers. The field covered as w 
wide that it is impossible to do more than give here an outline of some o 
important experiments. 

When a guinea-pig dies of tetanus after local injection of a culture of {he 

of inoculation is rich in toxin (several thousand mouse m I.d. ; Francis - * 
blood is only slightly toxic, and the internal organs, even the centra ncI J j^ita^ato 
where toxin might be expected to accumulate, are non-toxic (Ro«cnbac i ^ t ] lP 

1889, 1891, Meyer and Ransom 1903). Intoxication docs not appear t0 ( ®Pj n{raTO nou< 
blood stream, because to produce fatal tetanus, more toxin is required >J jicnod w 
than by the subcutaneous route ; and with a given tlosc of toxin, the men a 1 
longer after the intravenous injection. . - . xl -„ 

Bruschettini (1890, 1892) induced tetanus in rabbits by the injection o . • cte j into 
the skin or into the sciatic nerve ; suspensions of the organs were ma e an 
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while, as stated by Weinberg and S£gutn, there is in effect a typical form 
of gaseous gangrene, 00 it is not always produced by the same microorganism, 
00 it is frequently caused by several associated agents, 00 it is often the com- 
plex result of the combined action of these principal anaerobic bacilli with 
various other bacteria which play an indeterminate accessory role. 

The more important of the anaerobic bacilli associated with gaseous gangrene 
are discussed in the following sections. 

1. THE VIBRION SEPTIQUE, CLOSTRIDIUM SEPTICUM 
In 1877 and 1881 Pasteur, while studying anthrax, produced a septicemia 
in rabbits and guinea pigs by the inoculation of putrid blood from a cow 
The affection could be communicated from individual to individual, and a 
sporulating, motile, rod-shaped anaerobe, considered by him “one of the 
vibnons of putrefaction” (the actively motile bacilli sometimes appear to be 



Fig. 129. Clostridium scpt'cum From pure culture. Tlie tendency to form elongated 
vegetative cells is apparent Fuchstn, X 1050. 


curved), was regarded as the cause of the septicemia and named “vibnon 
septique." 

In 1881 Koch described the pathological effects of a microorganism which 
he declared identical with the vibrion septique of Pasteur. But this bacterium 
failed to produce a septicemia in guinea pigs, and since its pathogenic effects 
were limited largely to the site of inoculation, Koch designated it "the bacillus 
of malignant edema.” 

Neither Pasteur’s nor Koch's description would suffice now to identify with 
certainty the microorganisms in question. Fortunately, the original strain of 
Pasteur’s "vibrion septique” has been maintained in France, so that its out- 
standing characteristics are well known. The lack of any such legacy from 
Koch in Germany, due to his failure to recover cultures, has led to an all but 
interminable discussion as to'thc properties of the “true bacillus of malignant 
edema.” The vibrion septique is now generally known as Cl. septicttvi. 

Morphology'. The vibrion septique is a gram positive, sporulating, 
spindle-shaped rod, or filament, and in young cultures motile, with many 
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the opposite limb and finally the muscles over the whole body become affected. 
A small amount is probably absorbed by the lymph and carried to the blood stream. 
From this it is taken up by tho motor norvo endings in different parts of the body. 
Hence tho tetanus developing after intravenous injection of toxin is slower in its 
development, but is generalized from the first. 

This conception of the genesis of tetanus was very severely criticized by Abel 
(1931) and his colleagues (Abel and Hanipil 1935, Abel et aj. 1935a, b, Abel, E\ans 
and Hampil 1936, Firor and Jonas 1938, Abel et al. 1933, Abel, Firor and Chalian 
1938). 

Briefly, these workers objected to tho hypothesis of axis cylinder carriage on the ground 
that (I) there is no cvidcnco to show that tho axis cylinders ever contain tetanus toxin; 
(2) thcro is no known mechanism that will explain how tlio toxin is transported in the axis 
cylinders, often for long distances, to tho central nervous system ; (3) the injection of 
a sub-lethal doso of toxin directly into tho sciatic nerve of tho dog does not give nse to 
tetanus, provided measures are taken to prevent the escape of the toxin into the surround 
ing tissues ; and (4) tho injection of antitoxin into tho sciatic nerve, provided none leab 
Into tho surrounding tissues, does not prevent tho development of local tetanus after 
injection of toxin into the muscles of the leg. 

A second hypothesis, which has been held by somo workers, that tho toxin is earned 
to tho central nervous system by tho endoneural and perineural lymphatic vessels, seems 
to bo ruled out on anatomical grounds. Thcro is no evidenco to show that the Denial 
lymphatics drain into the cerebrospinal fluid; on the contrary, they appear to dren 
directly into lymph nodes, which in their turn drain into the thoracic duct. 

Discounting theso two hypotheses, as well as that of tho transference of the tons 
in tho tissue spaces of tho nervo trunks by molecular forces, Abel adopted the view tbit tee 
toxin reaches tho central nervous system by the arterial circulation. Contrary to e 
findings of certain previous workers, he recorded that, when doses greater than * 
minimal lethal dose are used, a very high proportion of the toxin injected into the un 
of a sheep may bo demonstrated in the lymph-glandular and vascular systems, i ® 
inal lethal doses of toxin are fixed by neural and other tissues, so that the toxiciy ® 
any tissue for experimental animals into which it is injected results entirely 
presence of blood or lymph containing free toxin. Secondly, Abel believed tha ^ e * 
toxin has a dual action on the central and on the peripheral nervous system. y ’ ^ 

of multiple injections at various points of n limb, he produced local tetanus in ^ 
with amounts of toxin so small that generalized tetanus never developed. 
toxin, on the other hand, produced both the local muscular rigidity and the re ex 
bihty of the muscles that characterizes generalized tetanus; whereas the apP ^ ^ ^ 
loxm directly to the cord in the region of the anterior horn after a latent pen ^ 
to two hours produced the reflex excitability alone. The abolition of * oca e , ff jjich 
section of the appropriate nerve depends, not on the destruction of the pa 
the toxin reaches the anterior horn cells, but on the abnormally low tonicity 0 
end-organs. . aepcnding 

Harvey (1939) also recorded evidence in favour of a local action ot to ’ c m0 tor 
on the occurrence of tetanus in locally intoxicated muscle after recent section j- 0 jj 0 «ing 
nerve; and of after- discharge at the injoneural junct.on in tetamzed muse 
electrical stimulation of the cut motor ncive (sec also Schaefer 1944). T wse ® ^ . , nc reas- 
have not been confirmed (Fee Pei drup 1946) Harvey suggested that toxin ac nrlt j by 
ing the normal leak, and therefore the synthesis, of acetyl choline in the cm f ’j cgcI1 be 
decreasing cholinesterase production A m bad ie, Morgan and At right ( ■ n on spas* 1 * 

what they consider a direct local effect of the toxin on the rabbits eye, * _ j cc re» w 

paralysis of the cholinergic oculomotor nerve-endings There is a conconu 
of acetyl choline m the iris and aqueous humour, but no change in c to 
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peritriehous flagella. The ends are slightly rounded and the spores, which 
are oval, are usually median and swell the vegetative cell into a clostridium 
previous to their release. Spores are formed only in media not containing 
fermentable carbohydrate in excess. The long chains and filaments of these 
microorganisms which occur on the visceral surfaces of infected guinea pigs 
are of high differential value. Capsules have never been observed. Deep 

coloniesin J per cent agar are transparent or semi transparent. Hemolysis occurs 

on blood agar. 

Physiology. Cl. septictim is a strict anaerobe and develops readily in 
deep brain or tissue media, producing gas rather abundantly. These media 
are not discolored even in the presence of metallic iron. Gelatin is liquefied, 
but coagulated serum and other proteins ore not digested or blackened. Hydro- 
gen sulfide is produced hut indol is not. Dextrose, Icvulose, galactose, maltose, 
lactose and salicin are fermented; media not containing one of these sugars 
support only slight growth. Sucrose, inulin, mannitol and dulcitol are not 
fermented. The fermentation of salicin and non-fermention of sucrose allow 
the biochemical differentiation of Cl. septicum and Cl. chmivei, for the latter 
does not ferment salicin but does ferment sucrose. 

Antigenic Structure ami Toxin. Strains of Cl septicum are immuno- 
logically related but distinct. Four groups have been distinguished on the 
basis of the somatic antigen, and subdivisions may be' made by the flagellar 
antigen. These bacilli are immunologically related to Cl chmtvei, The toxin 
formed, however, is specific, but a relatively weak lethal agent The MLD 
for mice is about 0.005 ml. Bernheimer 32 has prepared a dialyzable medium 
containing casein hydrolysate, cystine, tryptophane, glutamine, biotin, thia- 
mine, nicotinic acid, pyridoxine, glucose, thioglycollic acid and inorganic salts 
which supports the growth of some strains with the fonnation of 400 to 500 
mouse LD 50 doses of toxin per ml. When injected into animals it produces a 
gelatinous edema and some local necrosis of the tissues. According to Kellaway. 
Reid and Trcthewie 33 the toxin has a specific cardiac action in the cat ana 
rabbit, producing a fall in systemic and a rise in venous blood pressure, in the 
cat a specific constriction in the pulmonary' and coronary circulations, with 
edema of the lungs and loss of fluid from the circulation. 

Pathogenicity. Cl septicum does not occur in gaseous gangrene of man 
as frequently as some of the other anaerobic bacilli but has been found in sue 
affections both alone and in mixed cultures. It has been recovered from 
gaseous infections in cattle and may be one of several microorganisms respan 
sible for blackleg, usually considered a specific disease due to Cl. cnauvci. 
has also been found in gaseous infections of hogs and other domestic antma $• 
Experimentally the vibrion septique is strikingly pathogenic for c ic ens. 
pigeons, rabbits, guinea pigs, rats and mice. In such animals the acten. 
develop rapidly, producing gas and a reddish, serous edema. They inva e 
adjacent tissues and the circulation, producing a septicemia which is us *| 
fatal within twenty-four to forty-eight hours; sublethal doses do no P*° 
any reaction. Impression smears from the tissues, and especially rrom 

32 Bernheimer. Jour. Exp. Med., 1944, 80:321. _ 10297 , 

33 Kellaway, Reid and Trethewie; Australian Jour. Exp. Biol, x 1 • > ’ 
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radioactive materials. In this connection we may note that Barnes and Truefa (J 9 jn 
who immobilized the limbs of rabbits in plaster, found that several lethal doses of toxin 
could be injected into such limbs without ill effect. When after some days the plaster 
was removed tetanus followed. If wc assume an intact blood circulation, it appears that 
toxin was not absorbed into the blood capillaries ; the restoration of movement in the 
leg might have promoted absorption by the lymphatics, or intrancural ascent as a result 
of muscular movements. 

Summarizing, we may say that we are still ignorant of the exact mechanism 
by which tetanus toxin is absorbed, .and of the way in which it exerts its action on 
the body cells The main hypothesis is that the toxin is absorbed by the motor 
nerve endings, and carried up the nerve trunks to the anterior horn cells of the 
central nervous system, which arc then stimulated to produce muscular contractions: 
there is independent evidence of centripetal transmission of substances in nene 
trunks, taking place presumably in the spaces between the nerve fibres The 
weight of evidence is against the view that the toxin acts locally on the motor 
nerve endings, and centrally by reaching the anterior horn cells via the lymphatic 
vessels and the blood stream. 


Immunity to Tetanus. 

Natural. — Mammals vary in their susceptibility to tetanus ; some, such as the 
mouse, the monkey, and the horse are highly susceptible ; others, such as the <kg 
and the cat, are much less susceptible. Most birds and cold-blooded animals are 
extremely resistant. Examination of the blood of susceptible and partially suscep- 
tible animals show's that, though the majority of cattle contain more than 1/500 unit 
of antitoxin per ml., no antitoxin is present in the blood of man, horses, dogs, pig* 
monkeys, or rodents. Sheep and goats may contain small quantities (Coleman 
1931, Coleman and Meyer 1926, Ramon and Lem4tayer 1934, 1935). Thefrequen 
presence of antitoxin in the blood of ruminants may be causally associated with t.e 
comparative resistance of these animals to tetanus. It is suggested that in rumm 
ants tetanus bacilli multiply and form toxin in the digestive reservoirs w 0 
precede the true stomach, and that the toxin so formed, partly modified P 57 
by the products of bacterial fermentation, is absorbed and gives rise to the pro n 
tion of antitoxin. Examination of the blood of naturally resistant animas 
proved it to be devoid of antitoxin (Vaillard 1892) ; hence their immunity canno 
attributed to the presence of this antibody. 

Marie (1897) injected a rabbit intravenously with 1,000,000 mouse M.L.I). ^^ [CJ 
Blood was removed at frequent intervals, defibrinated, and injected in 1® • 9 . 
into mice. For the first 17 hours the blood proved toxic, but after this un ® * g 
innocuous ; the toxin had disappeared therefore from the circulation in css ^st 

Vaillard (1892), on the other hand, who injected a hen with 20 ml. o t° x '”’ j 0J in 

it persisted in the blood stream for several days. In the susceptible ra i .j 
is supposed to be absorbed from the blood by the motor nerve endings, an 
the cord, where it gives rise to disease. In the lion-susceptible hen tie 0 
to bo absorbed cither not at all, or only slowly ; hence tetanus fails 0 cV ^ jjj 

An interesting contribution to the study of natural immunity .. 
Wassermann and Takaki (Wassermann 1898, Wassermann and To o * 
found that the brain, and to a less extent the spinal cord, of norma an^ ^ 
able to neutralize tetanus toxin. A mixture of toxin and brain BUS ^ en ^ ra |j ze( I de- 
harmless on injection into animals. The amount that could he neu 
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usually show elongated filaments or chains as contrasted with the single bacilli 
found in animals killed with Cl. chauvet 
Antitoxic sera which are prophylactic and, to some degree, curative may 
be prepared by injection of Cl septtcum toxin into horses. The antisera do 
not have the high antitoxin content that is found in antitetanic sera Poly- 
valent commercial sera for prophylactic and therapeutic use in wound infec- 
tions often contain antibodies to Cl. septtcum. 

2 CLOSTRIDIUM WELCHII (CLOSTRIDIUM PERFRIXGENS) 
Clostridium welchn was first cultivated by Achalme in 1891 and supposed 
by him to be the cause of articular rheumatism In 1892 Welch and Nuttall 
isolated this bacillus from the foamy organs of a cada\cr and called it Bacillus 
acrogcnes capsitlatus. Found by Frankcl the following year, it was designated 



Fir 130. Clostridium uelchii from pure culture Vote the relatively smaller size of 
these bacteria ami the central spores Fuchsin: x 1050. 


Bacillus phlegirtortis cirtph} sematosac, and in 1897 Vcillon and Ztiber called 
it Bacillus pcrfrntgctis. Sometimes called Fr.inkcl's bacillus in Germany, Cl. 
pcrfrmgcits in France and Cl. wclchii in English-speaking countries, it is desig- 
nated Cl. perfringens by Bergcy. 

Morphology. Cl. welchn is a plump, non -motile, gram-positive ml of 
variable length, occurring in chains and singly. Capsules arc usually present 
in preparations made from the organs or body fluids. Spores arc formed spar- 
ingly and only in the absence of fermentable carbohydrates, they are centrally 
located, rarely subtcrminal, and do not swell the vegetative cell in which they 
arc formed. Isolated colonies in deep agar arc compact, opaque, while or gray- 
ish white biconvex disks. On blood iigar the round, smooth, opaque, entire- 
edged colonies are relatively large, 2 to 5 mm. in diameter, and surrounded 
bv a zone of hemolysis. 

Welch's bacillus is a strict anaerobe and grows readily in deep brain, meat 
infusion broth, agar and gelatin media. Its growth in sugar free media is 
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nerves. Who n tlio antitoxin is not given till after the formation of toxin h% 
begun, it will Ik* too late to prevent the absorption by the nerves. 

It follows that there aro rigid conditions governing the usefulness of antitoxin. 
The most important of these is that it must be allowed to come into intimate 
contact with the toxin. Unless it does so it is valueless. It is known that the 
nervous tissue of mammals has a strong affinity for tetanus toxin ; it has no such 
affinity for tetanus antitoxin. Once the toxin has gained entrance to the nerves 
it can no longer be neutralized, unless the antitoxin is itself injected into the nerves. 
Meyer and Ransom (1903) injected antitoxin in large quantities intravenously into 
a cat, and at the same time injected a dose of toxin into the sciatic nerve ; the cat 
developed tetanus. The nerve tissue acts as a barrier separating the toxin from 
the antitoxin ; and nothing short of enormous doses of antitoxin in the blood 
stream can save the life of an animal if once the toxin has gained access to the 
nerves. We have, in fact, the anomaly of an animal, whose blood contains sufficient 
antitoxin to save the life of hundreds of mice, itself dying of tetanus. If the 
antitoxin is injected directly into the central nervous system, there is some evidence 
that it is able to neutralize the toxin and prevent further spread of the disease 
(Roux and Borrel 1898). In more carefully controlled experiments Friedemann, 
Hollander and Tarlov (1911) demonstrated the superiority of intraventricular over 
intravenous antitoxin in preventing local tetanus. Roux and Borrol also showed 
that an actively immunized rabbit, capable of withstanding large doses of toxin 
subcutaneously or intravenously, yet succumbs as readily to the intracerebral 
injection of toxin as a normal rabbit. 

It should be noted that Abel (Abel el al. 1938, Abel and Chalian 1938) dis- 
tinguished two stages in the action of toxin— adsorption to the nerve cells, and 
fixation. Fixation coincided with the appearance of tetanic symptoms (See also 
Pelloja 1950 ) In the sheep, antitoxin given intravenously after demonstra c 
absorption of lethal amounts of toxin by the nervous tissue, but before symptoms 
of descending tetanus had appeared, had a curative action. 

There is little evidence (see Laliiri 1939) of immunity naturally acquired in the 
of an attack of the disease similar to the nntitoxic immunity acquired as the resu 
subchnical infections with C. diphtheria (Chapter 61) ; although the serum of man, o ^ 
cattle and sheep is reported to contain antitetnnolysin, and that of cattle an s ee P 
contain antitoxin (Lemetayer and Nicol 1945). 

Diagnosis. . . . 

The bacteriological diagnosis of tetanus is often difficult, especially in cm 
patients, where the site of infection may be small. _ 

Microscopical Examination should be made where possible of the pus ^ 
wound, and special note taken of bacilli with round, terminal spores. 1 e P 
of “ drumstick ” bacilli is not, however, pathognomonic of infection wit • ^ 
(see, e.y , Boyd and MacLcnmui 1942). The organisms may he presen 
small numbers that they may be altogether overlooked. , gr0 

Cultural Methods are of more importance. The pus or wound jjjjning 
seeded into cooked meat medium, or into heart or liver digest bro co ^ 
a small portion of sterile rabbit kidney, or other material designed to ini ia ^ ^ 
reducing intensity in the medium. After 5 days’ anaerobic incubation ^ 
if the typical bacilli are visible microscopically, the culture is heate 0 ^ gfrum 
for 20 minutes to destroy non-sponng bacilli, and plated out on n er 
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greatly restricted. Optimum conditions for growth are provided by media con- 
taining fermentable carbohydrates, but such cultures are often short-lived 
because of the lack of spore formation and the destructive action of the formed 
acids on the vegetative cells. Brain and meat media are not blackened nor- 
mally, but the presence of metallic iron produces a distinct discoloration. Gela- 
tin is liquefied but coagulated serum or egg is not digested. Hydrogen sulfide 
is produced, indol is usually said to be negative but its formation is uncertain. 

Nutritive requirements are complex, and semisynthetic media which sup- 
port growth include casein hydrolysate or 19 amino acids together with panto- 
thenic acid, thiamine, nicotinic acid, riboflavin, biotin, folic acid, pyridoxine, 
adenine, guanine, uracil, inorganic salts including those of manganese and iron, 
together with glucose. 34 The production of a toxin (see below) requires two 
additional substances, one found in enzymatic digests of certain proteins, and 
the other an alcohol-soluble constituent of pancreas; glyceryl phosphocholine 
appears to be in part responsible for the activity of the latter. 33 

Acid and gas are produced in glucose, maltose, lactose and sucrose, neither 
mannitol nor sahein is fermented; some strains ferment inulin and some 
glycerol. Broth cultures containing fermentable sugars become markedly turbid 
with abundant gas formation, and many cultures, possibly all at certain stages, 
become stringy and viscid. Milk is fermented with a characteristic “stormy” 
evolution of gas, followed by coagulation of the casein due to acid formation, 
and the curd is shortly tom to shreds by the continued evolution of gas within 
The curd is not digested. Tins "typical" reaction is considerably modified by 
incomplete anaerobiosis, gas production may be slow and the solid curd is tom 
only slightly if at all. Under optimum conditions 3.8 times the volume of the 
milk may be evolved as gas; hydrogen predominates during the early stages of 
the fermentation and carbon dioxide in the later stages. 

Types. Although Cl. wclchii strains from gaseous gangrene iorm the 
same toxin, they are not immunologically homogeneous. Henderson 30 has ob- 
served that the Wilsdon types (see below) are homogeneous with respect to 
heat-stable antigen with the exception of Type D in which he found six kinds 
of antigens in thirteen strains. Rodwell 37 has shown that a number of su 
types of each of the Wilsdon types may be distinguished by agglutination 
and precipitin tests and there are some cross reactions between types. 1 e 
common antigen appears to be a capsular polysaccharide; this substance as 
been prepared by Svec and McCoy. 38 As yet, however, serological identi ica 
tion of Cl. welcltii is not practical. Four biochemical types have been suggeste 
on the basis of differences in the fermentation of glycerol and inulin, ut t «e 
fermentative differences do not appear to be correlated with other \arta 
characteristics. . . « v 

Toxigenic bacilli closely resembling Cl wekhii and having immunology) 
related toxins have been isolated from lower animals. These are t ie . , 
dysentery bacillus (Bacillus a gut), a bacillus causing a disease o s iecp 

34 Boyd. Logan and TyteU: Jour. Biol. Chan., 1947, 167:879. 

33 Adams. Hendee and Pappenheimer: Jour. Evp. Med., 1? • 

36 Henderson- Jour. Hjg.. 1940, 40-50} . 

7T Rodwell. Australian Vet. Jour., 1941, 17:58 
■ 3R Svec and McCoy. Jour. Baet., 1944, 4S-3I. 
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nerves. ‘When the antitoxin is not given till after the formation of form Las 
begun, it will be too late to prevent the absorption by the nerves. 

It follows that there are rigid conditions governing the usefulness of antitoxin. 
The most important of these is that it must be allowed to come into intimate 
contact with the toxin. Unless it does so it is valueless. It is known that the 
nervous tissue of mammals has a strong affinity for tetanus toxin ; it has no such 
affinity for tetanus antitoxin. Once tho toxin has gained entrance to the nerves 
it can no longer be neutralized, unless the antitoxin is itself injected into the nerves 
Meyer and Ransom (1903) injected antitoxin in large quantities intravenously into 
a cat, and at the same time injected a dose of toxin into the sciatic nerve ; the cat 
developed tetanus. The nerve tissue acts as a barrier separating the toxin from 
the antitoxin ; and nothing short of enormous doses of antitoxin in the blood 
stream can save the life of an animal if once the toxin has gained access to the 
nerves. We have, in fact, the anomaly of an animal, whose blood contains sufficient 
antitoxin to save the life of hundreds of mice, itself dying of tetanus. If the 
antitoxin is injected directly into the central nervous system, there is some evidence 
that it is able to neutralize the toxin and prevent further spread of the disease 
(Roux and Borrcl 1898). In more carefully controlled experiments Friedemann, 
Hollander and Tarlov (1941) demonstrated the superiority of intraventricular over 
intravenous antitoxin in preventing local tetanus. Roux and Borrel also showed 
that an actively immunized rabbit, capable of withstanding large doses of toxin 
subcutaneously or intravenously, yet succumbs as readily to the intracerebral 
injection of toxin as a normal rabbit. 

It should be noted that Abel (Abel el al. 1938, Abel and Chalian 1933) dis- 
tinguished two stages in the action of toxin — adsorption to the nerve cells, w 
fixation Fixation coincided with the appearance of tetanic symptoms. (Sec a so 
Pelloja 1950) In the sheep, antitoxin given intravenously after demomtra • e 
absorption of lethal amounts of toxin by the nervous tissue, but before symptom- 
of descending tetanus had appeared, had a curative action. 

There is little evidence (see Lahin 1939) of immunity naturally acquired m the * * ^ 
of an attack of the disease similar to the antitoxic immunity acquired as t ic re ^ 
subchrucal infections with C. diphtheria: (Chapter 61) ; although the scrum o n ' an ’ (0 
cattle and sheep is reported to contain antitetanolysin, and that of cattle an s 
contain antitoxin (Lemetayer and Nicol 1945). 

Diagnosis. , . . ^ 

The bacteriological diagnosis of tetanus is often difficult, especia ) m 01 
patients, where the site of infection may be small. , 

Microscopical Examination should be made where possible of the P u ®^ gence 
wound, and special note taken of bacilli with round, terminal spores. P 
of “ drumstick ” bacilli is not, however, pathognomonic of infection wi ^ 
(see, eg , Boyd and MacLcnuan 1912). The organisms may he presen 
small numbers that they may be altogether overlooked. . 

Cultural Methods are of more importance. The pus or wound 
seeded into cooked meat medium, or into heart or liver digest bro . tefl j,igh 
a small portion of sterile rabbit kidney, or other material designed to ini ^ p, 
reducing intensity in the medium. After 5 days’ anaerobic incu a ion q 
if the typical bacilli are visible microscopically, the culture is hca ct ^ ^ S(?r1 ,ni 
for 20 minutes to destroy non-sponng bacilli, and plated out on i' e 
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struck ( Bacillus paludts ), and a bacillus responsible for an enterotoxerma of 
sheep ( Bacillus ovitmacus ). Wilsdon 31 ' has proposed that these be designated 
Cl. welchii but that four types be distinguished Cl. welchu T\ pc A— the 
gaseous-gangrene bacillus, Cl welchu T>pe B— the lamb-dvsenterv bacillus, 
Cl. welchtt Type C — the “struck” bacillus, and Cl. welchu Tvpe D — the 
bacillus of enterotoxemia of sheep Unless otherwise indicated, however, the 
name Cl. welchu always refers to the gas-gangrene bacillus, or Tvpc A 

Toxins. It has been shown that, as a group, these bacilli form seven im- 
munologically distinct toxins and that the observed interrelationships of the 
toxins formed by the vanous types are attnbu table to the sharing of one or 
more of these components* 0 The effects produced by these toxins arc as fol- 
lows- 

The a toxin is hemolytic, lethal to mice on intravenous injection, and produces 
necrosis on intradermal infection into guinea pigs and rabbits Termed by U';J»don 
the W factor and designated by some vv orkers as the f toxin. 

The fj toxin is not hemolytic, mice injected intrav enously develop spasmodic Mulchings 
and die almost immediately, and tt produces skin necrosis in guinea pigs and rabbits 
Termed by Wilsdon the Z factor 

They toxin is not hemolytic, does not produce skin necrosis in guinea pigs, and is 
lethal to mice 

The S toxin is hemolytic but is not lethal to mice and docs not produce skin necrosis. 

The c toxin is not hemolytic, but produces skin necrosis in guinea pigs and rabbits 
and is lethal to mice. Termed by Wilsdon the X factor 

The 0 toxin is hemolytic and lethal and probabh produces necrosis in high eonccn 
[rations. It is oxygen labile and thermolabile and very similar in properties and immu 
nological specificity, though not identical with. streptolvsin O It is the same as Pnggc’s 
toxin 

The v toxin has lethal activity only It has been found in »mh one strain (Lcclnen) of 
Type A as yet examined and its occurrence or absence in the other types ts not definitely 
established 

The optimal conditions of pi 1, incubation time and composition of the medium 
differ from one toxin to another, and a type producing more than one toxin 
will produce only those for which the conditions are optimal The distribution 
among the Wilsdon types of the ability to form these toxins is indicated in the 
accompanying table. The terminology of the toxins has been somewhat con- 
fused owing to differences in the terms used by various workers, that used here 
has been generally agreed upon 

Of these the a toxin has been of greatest interest since it is associated with 
the virulence of the bacilli. It was observed independently by Nagler* 5 and bv 
Seiffcrt* 2 thjt an opalescence is produced in human scrum by the addition of 
filtrate containing the a toxin. Tin's is known as the Naglcr reaction. On the 
■ ■ • ■ ’ was shown 

’■ ' • ‘ *" ‘ Irate with a 

., • m of a curd 

of fat. It was then shown by Macfarlane and Knight** that an enzymatic split- 

J * Wilsdon Inst. Animal Path , Cambridge, 2nd report of the Director. 1931, p 53. 

•“Sec the review by Oakles Bull. Hyg, 1943. IS 781. 

•» Nagler Bnt. Jour. Cxp. Paih , 1939, 20 473 

'*Se»firrt Zochr f, Jmmumtiitf„ 1939, 96 515 

•* Macfarlane, OAlcx and Andervm Jour. Path Pact. ] 1 . $2**). 

** Macfarlane and Knight Binchem Jour , 1941, 3S S82. 
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Vaiilard (1802) confirmed the value of iodized toxin, and succeeded in immunizing 
rabbits so that the animals were able to withstand the intravenous injection of pure toxin ; 
but ho was unable to satisfy himself that antitoxin was curative (Vaiilard 1891). A mouse 
receiving 0 5 ml. of this rabbit antitoxin was protected for a few days, but the immunity 
had gone in about a fortnight ; antitoxin given a few hours after tetanus was manifest 
had no effect (Vaiilard 1891 ; see also Tizzoni and Cattani 1891). 

Antitoxin was later produced on a largo scale by the injection of horses with toxin- 
antitoxin mixtures (Buxton and Glcnny 1921). The toxin was over-neutralized, and a 
series of injections was given at intervals of a few days over a period of some months. 
Detoxification with forinnl (Descombcy 1924) is now widely used. The action of the 
formol is to dept ivc the toxin of its toxicity, while having little 
effect on its antigenic value. After a series of initial injections with 
this formalized product— sometimes referred to as anatoxin or formol 
toxoid — crude toxin itself can be injected. The actual technique 
of preparing the toxoid need not detain us here. Usually about 
0-4 per cent, of formol is added to the toxin, and the mixture is 
incubated at 37°-39° C. till it is sufficiently detoxified. About 
20 ml. of formolizcd toxin should prove non-toxic to the guinea-pig 
on subcutaneous inoculation (Hosoya el al. 1931, Wilcox 1931) 
Sonic workers precipitate the toxoid with alum or zinc chloride, 
and some add tapioca or 0 5 per cent. CaCI 2 in an endeavour to 
increase its antigenic efficiency (see Glenny et al. 1920, Ramon eta . 
1931, Ramon and Lemtftaycr 1932, Rcrgey 1934). 

The Standardization of tetanus antitoxin has presented 
considerable difficulties, due in part to the liability of tetanus 
toxin to deterioration. This difficulty was overcome by the 
establishment of stable standard antitoxins, to which were 
assigned arbitrary unit values of antitoxic potency In 
the Permanent Commission on Standardization i ° f * “ “ | 
of Nations chose ti.c U.S. National Institutes of Health (N.1 «• 
s“ Bosenan and Anderson .008, as the interna ben 
standard preparation The French and the Ge-n-tional 

standards were also considered. The ireena > ^ 

Mich that 1 German = 6 “ ""dried p paratioa 
units (Prausnitz 1920) Although the US ^ 

of antitoxin was adopted, unfortunate 7 . bllt to 

was made, not equal to the established N.I.H. unit, 
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ting of free lecithin Into ** t ' — % - 1 ” " . ’ ’ **...■ , , j 

the toxin appears to be a . ■ ‘ *• * ■ 

has been suggested that the <1 toxin may be estimated by measurement of the 
liberation of soluble phosphorus under standard conditions. 

In addition to the a toxin and 6 toxin noted above, CL wclchii forms a col- 
lagenase which has been designated the k toxin which breaks dmt-n muscle by 
dissolution of its collagen and reticulin structure 4 '*; the part it plays in the 
pathology of the infection is not clear. It does not appear to be as important as 
the a toxin, however, for while antiserum to the a toxin alone is protective, 
anticollagenase alone is not . 40 
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In general the toxins formed by Cl. ivelchii appear to account in very large 
part for the observed histopathology. Robb-Smith , 47 for example, has com- 
pared that in naturally occurring infection in man, in experimentally infected 
animals and in normal human muscle exposed to the action of filtrates in vitro 
and found the histopathological changes substantially the same in all throe. 

There appears to be no simple method of typing Cl. wcfcfiii and the pres- 
ence or absence of the various toxins must be demonstrated. The differentiation 
of the toxins suggested by Wilsdon * 9 is relatively simple but too crude for 
most purposes. A precise method of determining the toxic components ot a 
filtrate using monospecific antisera is outlined by Oakley . 40 

Pathogenicity for Man. Cl. weld hi is, perhaps, the most important 
cause of gaseous gangrene and is found either alone or mixed 1 01 iC * 
anaerobes in the majority of cases of this disease. Tissue injury is 3 , 
perhaps essential, preliminary' to infection, but once the bacilli arc csta is 
they invade the surrounding tissue rapidly. They apparently travel a on K 
interstitial tissue of the muscle and arc often found beyond the gangr 
area. The large amount of hyaluronidasc produced would seem to be rciai 

44 Oakley, Warrack and van Hcyningcn. Jour. Path. Bact., 1946, SS.— 9> 

48 Evans Bnt. Jour. Exp. Path.. 1947, 28:24. 

*r Robb-Smith ; Lancet, 1945, m3 62, 
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as soon as possible after the receipt of the wound. The type that calls for this 
treatment is the dirty lacerated wound, contaminated with street mud, earth, or 
animal feces, especially if accompanied by severe bruising of the tissues’ or 
fracture of the bones. It is advisable to inject a portion of the serum in two 
or three places around the actual lesion. The wound itself should preferably be 
excised : if this is impossible it should be cleansed and thoroughly drained. If 
the wound is severe and is likely to take some time to heal, it is well to repeat 
the injection every week. Should symptoms of tetanus develop, large doses— 
30,000 units or more- — must lie given every day, partly around the wound, partly 
intravenously, and, if desired, intrathecally. 

From animal experiments there is not the least doubt of the protective value 
of antitoxin, but in man the evidence is necessarily indirect. This may be 
summarized as follows : 

{ 1 ) The prophylactic injection of antitoxin within a few hours of the receipt of a wound 
appears to dimmish greatly the chances of tetanus. The incidence during the war of 
1914-18 is recorded in Figs. 295 and 290. The sudden fall in November, 1914, can m all 
probability be ascribed to the prophylactic use of antitetanic serum that was introduced 
about the middle of the preceding month. The rise towards the end of 1916 may have 
been fictitious ; Bruce ascribes it to improved diagnosis, particularly of local tetanus, 
which was largely overlooked at the beginning of the war. The subsequent fall in 1917 
and 1918 may perhaps be related to the more effective prophylactic serum treatment which 
was commenced in June, 1917, but more probably to the practice of early excision of 
wounds which was introduced about the same time. 

(2) When it does not prevent the development of tetanus it appears to lengthen its 
incubation period. The average incubation period in soldiers of the 1914-18 war treated 
in home hospitals rose from 118 days in 1914 to 48 0 days in 1917 ; and a direct comparison 
of the average incubation period in patients who had received, and those who had not 
received, a prophylactic injection of antitoxin after having been wounded led to the same 
conclusion ; in the inoculated this period was 45 5 days, in the uninoculated 109 days. 
In this connection it must be remembered that the passive immunity conferred by a 
single injection of antitoxin wears off m about a fortnight or three weeks. During this 
period the patient is unlikely to develop tetanus. But once this is past, he is proba ) 
just as susceptible as a person w ho has never been inoculated at all. Hence if tetanus 
bacilli are still present n the wound, they may give rise to disease. If all patients i 
been given repeated doses of antitoxin at intervals of a week till their wounds eae * 
it is possible that these late cases of tetanus would have been greatly reduced in nuni er. 

(3) Tetanus developing in persons who have received a prophylactic injection appear 
to be less fatal than in uninoculated persons (Bruce 1920) (Table 159) 


TABLE 159 

Showing the Fatality of Tetanus in Patients with and without Antitoti 
Prophylaxis. 




Died. 

Case Fatality , 


No of Cases. 

per cent. ( 

Prophylactic serum 

899 

203 

22 6 

No serum given 

559 

298 

53 3 | 

J 


It is interesting to note that the avera S e fatality amongst the 

war fell far more rapidly than amongst the unmoculated. This can pro y 
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to this rapid spread, but a number of studies have indicated that there is little 
or no relation between the invasiveness of Cl welchti and at least in vitro titers 
of hyaluronidase. 

Although most commonly found in gangrene, Cl. welchti has also been 
observed in closed abscesses in uterine infections, and in infections of the 
gastro-intestinal, genito-urinary and biliary tracts. It has been isolated from 
the blood during life, but septicemia in man is much less common than m 
experimental animals, although blood invasion occurs frequently in man dur- 
ing the agonal period or immediately following death. Study of the "foamy 
organs" sometimes observed at autopsy has shown that the presence of gas in 
the internal organs shortly after death is often attributable to an invasion by 
this microorganism. 

Cl. xvelchu is a normal inhabitant of the human intestine and is constantly 
present in small numbers; in fact, it has been used to a certain extent in 
Europe, as an indicator of fecal pollution of water (p 253). The toxemia of 
acute intestinal obstruction has been attnbuted by some to the proliferation 
of Cl. welchti in the bowel followed by absorption of formed toxin, but it is 
now clear that such a relationship does not exist. This bacterium is, however, 
found with some frequency in gangrenous appendicitis and it has been re- 
ported that antitoxin is of value in the treatment of perforative appendicitis 

Since infection with Cl. welchti is frequently characterized by gross blood 
destruction, jaundice and anemia, a possible relationship between this bac- 
terium and various anemias has been of some interest. A pernicious and fatal 
anemia may be produced in experimental animals by intratibial inoculation of 
culture or a temporary but severe anemia by inoculation of filtrate. Both 
natural and experimental infections, therefore, lead to the development of a 
severe anemia which is probably due to the continuous release of the hemolytic 
toxin. 

Pathogenicity for Animals. Natural infections in lower animals with 
Cl. welchii types ha\e been referred to above. The occurrence of the gas- 
gangrene bacillus, howe\er, is rare, local abscesses have been observed in dogs 
and rabbits following injury. Expenme ” ' * * *’ r 

guinea pigs, pigeons and mice, less so ! 

killed a few minutes after intravenous , 

incubated at 37° C., gas is produced in a few hours through the body and the 
phenomenon of "foamy liver” reproduced. This phenomenon is not strictly 
specific for Cl. welchii; it may be produced by similar inoculations with several 
other anerobes, though the results are less striking. The pigeon is susceptible 
and is used for the standardization of toxin and antitoxin. 

The classic welchii toxin, the a toxin, is not a powerful one; the MLD 
for a mouse is usually about 0.25 ml. of liquid culture. Antitoxins may be 
produced, however, which have both prophylactic and therapeutic value, 
and welchii is included in polyvalent antitoxic sera for gas gangrene. Anti- 
toxin to the a toxin appears to be far more important than that to the 6 toxin 
It may be noted that it is difficult to develop agglutinins for Cl. welchii and an 
antibacterial immunity does not protect against infection. 

«» Evans: Brit. Jour. Exp. Path., 1913, 24 81. 
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antitoxin used was large-2,000 units per kilo of monkey. This corresponds in man to 

120.000 units administered in a single dose. To give this, using a potent preparation 
containing 3,000 units per ml., would necessitate the injection of 40 ml.— an amount 
in excess of that which could be administered intrathecally at one time. The average 
daily dose given in human practice— often by two or three routes— has been from 1,000 
to 30,000 units ; larger doses have not often been employed. If the quantities suggested 
by Sherrington's work are really necessary — and experience suggests that smaller doses 
are inadequate— then it would seem desirable to devote attention to the production of 
more potent antitoxic sera than those which wc now' possess. 

Firor (1940) obtained similar results to those of Sherrington in dogs given 
2 M.L.D. of toxin. Intrathecal antitoxin by the cisternal route saved 51 of 70 dogs 
(73 per cent ), and by the lumbar route 19 of 30 dogs (63 per cent.), whereas intra- 
venous antitoxin saved only 5 of 20 dogs (25 per cent.). 

The conclusion from this experimental work (see also Friedemann, Hollander 
and Tarlov 19-11) finds some support in the experience of clinical observers who 
have succeeded in curing severe tetanus by the use of very large doses of anti- 
serum, sometimes administered by the cisterna magna (see Paterson 1930, O’Carroll 
1931, Bell 1931, Nabarro 1932). Nabarro, for example, injected no fewer than 

633.000 units of antitoxin within the Bpace of 9 days, while Paterson used 
nearly 2 million units. 

Even more suggestive, howexer, are the figures reported by Yodh (1932) in 
Bombay. He progressively increased the dosage of antitoxin for patients with 
tetanus, and the number of routes by which it was given, ns indicated in Table 161, 
and observed a progressive decrease in case fatality. The cases were not strictly 
consecutive Of a total of 229 cases treated by Yodh himself, 15 were not given 
scrum treatment for one reason or another, sometimes because they were moribund. 
Since the distribution of these eases in point of time is not stated, it is impossible 
to know how much allowance to make on the figures for the serum-treated patients 
The results, however, suggest strongly that the intrathecal administration of serum 


TABLE 161 

Effect of Route and Dose of Serum Injections in Human Patients suffering frou 
Tetanus (Yodh 1932), 


Mode of Serum Treatment. 

No. of Patients 

No died 

Case fatality 
per cent. 

20,000 units per diem by im. and it/, routes . . 

49 

38 

77 6 

30,000-40,000 units for 1st day, 20,000 units 
later, by im. and u>. routes 

80 

52 

650 

Larger doses of serum by im., iv., and lumbar 
intrathecal routes 

22 

14 

03 6 

Total of 40,000 to 400,000 units by im., iv., tc., 
and cisterna magna routes ... • 

112 

53 

47 3 


im. — intramuscular : iv. — intravenous : se. = subcutaneous. 


by the cisterna magna route is beneficial. Clinically, some nnprovemen w 
generally noticeable within 24 hours of the cisternal injection. 

From Sherrington’s results on monkeys and Yodh’s results on uman e ' 
it would appear that intrathecal administration of serum is more cne cia 




584 


Clostridium— The Spore-forming Anaerobes 


3. CLOSTRIDIUM NOVYI (CLOSTRIDIUM OEDEMATIENS) 

The third important anaerobe in gaseous gangrene was probably first dis- 
covered by Navy in 1894 in a study of “malignant edema” in guinea nigs, 
and was designated " Bacillus oedewatis niaUgnh Nr. U." It was named 
Bacillus novyi by Miguh in 1900. In 1915 Weinberg and Seguin isohied 
several strains of this bacillus, but first regarded it as a new species and named 
it BaciUus oedematiens . The French name has been used by European workers 
although the bacillus is properly known as Clostridium novyi. 

Cl. novyi is noteworthy not only for its importance in gaseous gangrene, but 
also because of its strong, soluble exotoxin, which compares in potency with 


I 



Fig. 131. Clostridium novyi from pure culture. The slight tendency to curvature is 
apparent tn some of the vegetable cells. Note the subtermmal spores and the absence cl 
free spores in large numbers. Fuchsin; X 1050. 

the toxin of the diphtheria and tetanus bacilli, and for which an equally 
powerful antitoxin can be produced. 

Morphology, Novy’s bacillus is a large, relatively thick rod, 2.5 to 10 p 
in length and 0.8 to 1 /iin breadth, and occurs singly and in chains. In cultures 
navicular and curved forms arc found; in animal transudates the shorter form 
predominates. Its numerous spiral flagella, which often become tangled w 
“bouquets,” have been emphasized in nearly all the published descriptions. 
The rod is non-motile under ordinary conditions of examination, for roou*^ 
ment is markedly inhibited in the presence of air. Subtermmal spores aw 
produced but sparsely as a rule and best in nonfcrmentablc media. The met us 
is gram-positive. . r 

Young colonies in deep dextrose agar have a yellowish, opaque. mc P' 
center surrounded by a delicate corona of short filaments. Later t >c ro ' 
clears, the center becomes cloudy, and is surrounded in forty-eight tours w 
a corona of tangled filaments. Surface colonies are extreme!) c IC ‘? C V t. 
tened, transparent, bluish gray, with irregular contours, and t ca i 
hemolysis on blood agar. n r* r n 

Physiology, Cl, novyi is a strict anaerobe, and grows wri a 
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properly spaced intervals raises the antitoxin content of the blood within a few months to 
the level usually obtained by the injection of a prophylactic dose of antitoxin ; and there 
is good reason to suppose that a given blood level indicates a far higher degree of immunity 
in the actively than in the passively immunized person. Thus d’Antona and Valensin 
(1937) found that actively immunized guinea-pigs with blood levels of 0 012 to 005 unit 
per ml. withstood 200 M.L.D. of toxin, while passively immunized animals with 0 2 to 
0-5 unit per ml. either died or developed severe local tetanus (sec also Sneath el al. 1937). 
The difference may in part be due to a better distribution of antitoxin in the actively 
immunized animal and to the rapid production of antitoxin in an animal conditioned 
by the previous antigenic stimulus. That the antibody-forming apparatus is conditioned 
in this manner is clear from the results of injecting toxoid some months after the primary 
series of injections. Not only is the antitoxin content raised to higher levels than the 
maxima reached after the previous injections, but the levels are maintained for longer 
periods. The response to this later stimulating dose is very striking ; the antitoxin 
content of the blood rises rapidly, and titres of over 10 units per ml. are often reached — 
more than 100 times as high as those following the piimaiy series of inoculations. There 
are great individual variations in response, both to the primary and secondary injections 
(see Ramon and Zoeller 1933, Sacquepte and Judo 1937, Boyd 1938, Marvell and Parish 
1940, Prigge 1940, Evans 1941, 1943, Pcshkin 1941, 1944, Fraser et al. 1943). 

Reinforcing injections arc also effective when given after longer periods. Thus Miller, 
Ryan and Beard (1949) recorded levels of 0-1 unit per ml. of serum in children given doses 
of alum-prccipitatcd toxoid after 4-7 years. Both Regamey and Schlegel (1951) and Bigler 
(1951) tested primary immunity of 30 years’ duration. Regamey and Schlegel’s figures 
(Table 162) indicate a high degree of responsiveness to reinforcing doses after 10 years ; 

TABLE 162 

Showing the Duration of Responsiveness to Reinforcing Doses of Tetinus 
Toxoid INDUCED BY TlIREE PRIMARY INJECTIONS 
(After Regamey and Schlegel 1951 ) 




Mean Number of Antitoxin Units per ml. 








Subjects 






Tested 


Oats after UetnloiciiiR Dose 




0 

4 






-- 

— 

— 

— 

1 

2G 

0-70 

1-27 

9-9 

18-9 

2-3 

10 

0 52* 

2 55 

39 0 

69-4 

4-7 

6 

0 55 

1-32 

170 

63-4 

8-9 

10 

0 22 

0-74 

25 1 

86 0 

10 

8 

0 28 

0 63 

16 5 

90 0 


* Minimum individual titre in this group, 0 0075; in all other groups, minima were 003o 
or more. 

and show that the speed of response to reinjection with fluid toxoid is best after 2-3 jenrs. 
In a study of 300 children and infants, Bigler observed a progressive decline in response 
with lapse of time after primary’ immunization, but when three primary' doses were gnen, 
even after 10 years the reinforcing dose induced protective concentrations of an i oti 
within 7 days. , 

Effect of Simultaneous Immunization iritk other A ntigens . — It is adnunistra lit . ^ 

venient to mix toxoid with enteric vaccines, pertussis vaccines, or diphtheria toxoi 1 
response to toxoid or alum-precipitated toxoid is re|»orte<l by Maclean and ° ' . j 
Miller and S.uto (1942), Greenberg and Fleming (1917, 1918), and Regamey 
(1951) to be enhanced by the presence of vaccine. Schiebcl (1944), on the <> 11 . . j 

recorded a depression of antigenic potency of both diphtheria and tetanus toxoi 3 3< ^ 

to Al(OH)s) when injected together into guinea-pigs, as compared with t ie po 
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ordinary media and especially abundantl) in the presence of a fermentable 
sugar. Meat and brain are not darkened, the former may be turned slightly 
pink or bleached. Gelatin is liquefied, but coagulated serum and egg are not 
digested. McLeod and Gordon 45 hate reported that Cl novyi may be dis- 
tinguished from the other sporulating anaerobes by culture on blood agar 
containing benzidine, the colonies are blackened due to the presence of hydro- 
gen peroxide. Nitrates are not reduced and mdol is not formed, but hydrogen 
sulfide is produced. Acid is produced very slowly in litmus milk, after ten to 
thirty days’ incubation a fine flocculem clot appears which is not digested 
Dextrose is fermented but lactose is not, the latter property serves to differen- 
tiate Cl. novyi from Cl. septtcitm and Cl cJimtvei. There is not complete agree- 
ment as to the other fermentation reactions 

Antigenic Structure and Toxin. Three immunologic types of Cl. hovi i 
have been defined by Scott, Turner and Vawtcr’ 0 and designated Type A, 
Type B and Type C. 

The toxin formed by this organism is the most potent of the gaseous 
gangrene bacilli toxins, in contrast to Cl welchtt whose filtrates contain 4 to 5 
mouse MLD per ml the lethal dose of Cl novyi filtrate for the mouse is about 
0.005 ml. Lecithinasc and hemolysin activity are present, and six components 
have been identified by Oakley, Warrack and Clarke. 51 These arc designated 
the a, 0, y, 8, t and f toxins of which the a toxin is the classic lethal toxin. The 
distribution of these corresponds to the immunologic types noted above and is 
illustrated in the accompanying table from Oakley et al 


DISTRIBUTION Or TOXINS AMONG CL SOW l TYPES 


Activity of Toxin 

Designation ■ 

| Cl nor)t Types 

T>pe A 

T>pe B 

TypcC 

Lethal, necrotizing 

a 

+ 

+ 

- 

Hemolytic, necrotizing, lecithinasc 

& 

— 

+ 

— 

Hemolytic lecithinase 

y 

+ 


+? 

Oxygen-labile hemolysin 

s 

■f 


— 

Opalescence in lecithovitellin 

« 

+ 

— 

— 

Hemolysin 

f 


+ 



Pathogenicity for Man. The relatively Frequent occurrence of Ci. woryi 
in gas gangrene has been noted earlier. The disease is characteristically a 
toxemia, although septicemia is not rare. Like Cl. welchti, Novy’s bacillus is 
often a terminal invader. In pure infections there is less tissue destruction than 
with Cl. welchti or Cl. septicum. The postmortem findings consist mainly in 
a massive localized edema, with neither the extensive gas production of the 
former nor the sanguineous necrosis of the latter. 

** McLeod and Gordon: Jour. Path Baa., 19-10, SO 167. 

s^Scott. Turner and Vawtcr proc. 12th Int. Vet. Congr , 1934, 168 . 

*• Oakley, Warrack and Clarke Jour. Gen Micnihml . 1947 , / 91 . 
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Army, only one occurred among half a million wounded; in 6 of the 12, the soldier had 
not been immunized, and in 2, no reinforcing dose liad been given. The rapid application 
of efficient surgery and of local and general chemotherapy no doubt contributed to the 
rcHults in both allied armies, but tho mast important single factor appears to have been 
active immunization. The improvement on the results in 1914-18 cannot he attributed 
to fighting on sparsely infected terrain. Tims Glenn (1916) in Manila recorded that, 
among over 1100 wounded lion-immunized civilians admitted to hospital for treatment 
in the same area ns that occupied by the U.S. troops, 166 cases of tetanus occurred, long 
(1918) cited an incidence of 1 per 100 wounded in the non -immunized Japanese army 
during 1940-14 ; though hero again differences in the efficiency of non-specific prophy laxis 
must also lie considered. 

Clearly military personnel should lie actively immunized. A case may also be 
made for special classes of civilian persons at risk, such as agricultural workers, 
persons with chronic ulcers of the lower limbs, habitually barefoot people in 
hygienically primitive communities, and pregnant women — the last as much to 
protect the infant against tetanus neonatorum by placcntally transmitted maternal 
antitoxin ns to protect the mother against puerperal tetanus. The case for routine 
immunization of children, at least in highly developed urban communities where the 
incidence of tetanus is low, is less clear and must be weighed against the disadvantage 
of imposing perhaps one more immunization on the child, or risking an ineffective 
immunizing stimulus by the use of multiple mixed antigens; and against the 
advantages and disadvantages of antitoxin prophylaxis. 

As regards passive prophylaxis, antitoxin should certainly be given to non - 
immunized wounded ; to actively immunized persons who are severely shocked 
or wounded ; and when treatment lias been delayed or when no reinforcing doses 
have been given in the previous 4-5 years. When combined passive and active 
prophylaxis or therapy has been carried out, the active immunity should be re- 
inforced within o few months l>y another course of active immunization. A 
reinforcing dose only upon wounding appears to be sufficient specific prophylaxis 
in those with a good basic active immunity. Jtcgamcy and Schlegel (1950) believe 
that in these circumstances even a reinforcing dose is unnecessary, toxin from the 
infecting bacilli themselves providing the stimulus. 


Combined Active and Passive Prophylaxis 

The administration of antitoxin and toroid to ensure passive protection during the 
lag in the development of tho secondary response has the disadvantage that the antitoxin 
may “ blanket ” the toxoid and thereby impair its antigenicity. Blanketing of this kin 
has been repeatedly demonstrated in the guinea-pig (Ramon and Zoellcr 1933, t eu 
and Hennemann 1939, Regamey and Aegcrter 1931, Wolters and Dehmel lOol)- tten 
and Hennemann found that the retardation of active immunity in their animals was es 
overcome when toxoid injections were made one day before the serum. In ac we y nu 
jnunized rabbits, there was no suppression of the secondary’ response when the tox°i an 
antitoxin were injected into a separate site (Miller and Ryan 1950; sec also 
el al. 1950) Combined prophylaxis is probably justified in tho severely noundeUii car 
is later taken to augment the active immunity by a fresh course of immunization ( -ness 
1948, Sachs 1952) (See also Chapter 50.) nitv. 

We may note here a curative effect of tovoid in animals withou asic . 

Krcch (1949) records that toxoid, given 2 to 4 hours before injection of mice "* <• 

Cl. tetani, prolongs the survival time of the mice, and even prevents t ro ‘ -j 

tetanus in some of them. Lemetayer and his colleagues (1950) found t ia , io g ^ 
POijId not displace tetanus toxin from combination with nerve tissue ei er i 
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Pathogenicity for Animals. Natural infections due to Cl. novyi have 
been observed in guinea pigs, cattle, horses and hogs. Guinea pigs, rabbits, 
rats, mice, cats, sheep, horses and pigeons are susceptible to small doses of 
culture. Subcutaneous, intramuscular and intravenous inoculations reproduce 
the disease experimentally. Toxicity and pathogenicity are easily lost, however; 
Novy s original strain, which still survives in several laboratories, has long 
since failed to kill experimental animals. This is true also of strains isolated 
within five to ten years. 

The action of the toxin freed from bacteria is very similar to that of whole 
cultures. Sublethal, subcutaneous doses of toxin or culture produce a peculiar 
nondicmorrhagic, gelatinous local edema which reaches its maximum in two 
or three days. It may be followed by small, superficial hemorrhages, after 
which it )S slowly absorbed, leaving a slightly sclerotic scar. Such lesions appear 
not to form open phlegmons, as in the case of Cl. welch'ti cultures, and may 
also be contrasted with those of the vibrion septique and Cl. chnnvei, which, 
if they appear at all, are always fatal. Washed cultures arc harmless. 

Antitoxin has been produced in rabbits, sheep and horses by successively 
increased doses of toxic filtrates. The antitoxin has prophylactic and, to 
some extent, therapeutic value under experimental conditions, and is now 
represented in several polyvalent American sera or anaerobic infections. 

4. CLOSTRIDIUM HISTOLYTICUM 

Among the new species of bacteria discovered by Weinberg and S 6 guin in 
war wounds, none is of more interest than Cl. histolyticum, so named because 


T 


/** — 
/ . 


I 


i - - / * 

>/ / 

\ A * A ' * 


H| 

\ 


t 


/ - 


£>£!-: „ .. 

Fig. 132. Clostridium hatolytktm from pure culture. Note the < Araetcmw 

With rounded ends and the clostridial suhterminal spores. Fuchsm, X rw> • 

of its remarkable liquefying action upon living tissues It may ^ '°i^ en r ... 
more common in gaseous gangrene than indicated earlier, t as a 
covered from soil and human feces and from poisoned arrows. , 5 

Morphology. Cl. histolyticum is a gram^ositive mouierod, ^ 
long and 0.5 to 0.7 n wide, that forms subtermmal clostnd P° ^5 

from lesions it appears generally in the form of sing e or p 
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Prophylactic injection of antitoxin is recommended in operations on the hone. Nocard 
(sec Holder and Pichliom 1911) reported that in 2,727 homes whicli were given scrum 
after various operations not a single case of tetanus developed, whereas during the same 
period 259 cases developed in horses that Merc not inoculated (number not stated). A 
dose of not less than 1,000 units has proved successful. The passive immunity so con- 
veyed lasts longer in the horse than in other animals because the serum is homologous, 
and is therefore excreted more slowly (Holder and Kichhom 1911). Buxton and Glcnny 
(1921) immunized horses actively by 3 injections at intervals of 3 days of a toxin-anti- 
toxin mixture. A month later the nnitnals withstood 2,000 guinea-pig M.L.D. of crude 
toxin (see also Glcnny, Hamp and Stevens 1932). 

Tetanus toxoid is now used as an immunizing agent in horses which require protection. 
Two injections arc given, at an interval of four to eight weeks. A reinforcing dose is 
advisable when animals an* to he exposes! to unusual risks. Oakley (personal communica- 
tion) recommends the use of alum precipitated toxoid as a more consistently effective 
immunizing agent than formed toxoid. 

Tlierajieutic injection of scrum has not been followed by satisfactory results (Mohler 
and Ktchhorn 1911). 
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with rounded ends. The flagella, often more than 20 m number are peninch.il 
Deep agar colonies vary, according to tht consistency of the medium, from 
compact lobulate globules in 2 per cent agv to fluffy semi-transparent or even 
cottony balls in lower concentrations Surface colonics are minute, round dew 
drops and are hemolytic on blood agar 

Physiology. Originally described as an obligate anaerobe Cl hi>tol iianu 
is capable of a delicate transparent growth upon the surface of meat infusion 
agar and is perhaps best regarded as microacrophilic or as a facuit.itnc 
anaerobe. 

This bacillus is actively proteolytic, not only is gelatin liquefied but meat 
and brain and coagulated serum and egg arc digested In older cultures a pre 
cipitate of tyrosine crystals appears Nitrates ait- not reduced and indol is not 
formed. No carbohydrates are known to be fermented in spite of statements to 
the contrary regarding dextrose. The action on milk is slow, but after see era! 
days a soft clot is usually formed and then s)oul\ digested Cl htstolyticuus is. 
clearly, a proteolytic type. 

Pathogenicity. Infection with Cl. htstolyticum alone is probably a rare 
occurrence, mixed cultures with other anaerobes and aerobes appear to be the 
rule both in war wounds and in infections obsened in horses Most pure 
cultures of this bacillus are pathogenic under experimental conditions for 
rabbits, guinea pigs, mice and rats, but there is considerable difference between 
strains. Subcutaneous inoculation of 1 or 2 ml. of a twenty-four-hour broth 
culture generally produces a local tumefaction followed in twenty-four to Forty - 
eight hours by complete sloughing of the overlying skin, then, as a rule, healing 
slowly occurs. Intramuscular inoculation causes swelling, followed by prog res 
sivc myolysis If the gluteus muscle of a guinea pig is selected for the inocula 
tion, it may be entirely denuded from the bone within twenty four to fom 
eight hours The tissues literally drip away, and in some case-, the limb may be 
disarticulated. Curiously there is often little or no intoxication of the animal, 
but death usually follows through peritonitis due to perforation of the peri 
toncum. There is occasionally invasion of the blood stream, but generally 
septicemia does not occur. There is never any gas formation in such pure 
infections 

Bacteria free filtrates have a lytic action which can be demonstrated if suf- 
ficiently large quantities (5 ml ) are injected. The most characteristic effect is 
the formation of a sterile hematoma filled with uncoagulatcd blood in which 
the red corpuscles arc still intact. According to Pasternack and Bengtson' 1 2 deep 
intramuscular inoculation produces an edema which disorganizes and separates 
the tissue, while gross lesions are observed only occasionally following intra- 
venous inoculation. Agglutinating and antitoxic sera have been produced 

5 CLOSTRIDIUM SPOROCCNES 

Clostridium sporogenes, which in pure culture is a harmless saprophyte, is 
included here because it is frequently associated v\ ith the pathogenic anaerobes 
in mixed gangrenous infections, very possibly because it is so widely distributed 
in nature. It has frequently been confused with the pathogenic forms, not only 
have cultures labeled something else proved to be sj'orotzctu's, but there has 

s* Pasternack and Benetton- Bub. Health Rept*. 1940, 5$ 775. 
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588 Clostridium— The Spore-forming Anaerobes 

been a tendency to regard "atoxic variants” or “atoxic strains” of pathogens as 
Cl. sporogenes. On the other hand, the presence of "atoxic variants” of patho- 
genic species is in man)’ cases attributable to mixed cultures containing sporo- 
genes. The spores of this microorganism are unusually hardy and invariably 
survive with those of the pathogens or even after the pathogenic spore-formers 
are hilled in preliminary selective heating. 

Morphology. Cl sporogenes is an actively motile, gram-positive, slender 
rod 3 to 7 ft in length and 0.6 to 0.8 fi in breadth, with rounded ends. The 
cells occur individually, in pairs, in short chains, and sometimes in filaments. 
The spores are oval, eccentric to subterminal, and swell the vegetative cell. The 
flagella arc peritrichal. The deep agar colonies have the appearance of woolly 
balls with a dense, compact center. Surface colonics on blood agar are hemo- 
lytic, transparent and usually rhizoid, or ameboid, with a slightly raised center; 
they appear moist and at first may resemble minute dewdrops. 
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Fig. 133. CJostnthtim sporogenes from pure culture. Note the close morphological resem 
blancc of this species to the pathogenic forms. Fuchsin; X 1050. 


Cl. sporogenes requires strictly anaerobic conditions for growth and will 
grow upon all the ordinary media. It has been cultivated in synthetic solutions 
containing tryptophane, leucine, tyrosine, arginine and phenylalanine, to- 
gether with an unknown substance termed ‘sporogenes vitamin. ° 3 ^opti- 
mum temperature is 37° C. but it will grow at temperatures as high as 50 <-«. 

This bacillus is actively proteolytic; it produces blackening and digestion o 
brain and meat media, coagulated egg and serum. An excess of ferments e 
sugar delays or inhibits this proteolysis and the presence of metallic won 
certain iron salts accelerates it. Tyrosine crystals are not obvious, Gelatin i 
liquefied and blackened, hydrogen sulfide is produced, but indol pro uc ' 
is doubtful and nitrates are not reduced to nitrites. Reports on sugar er ^? f 
lions are conflicting. According to Bergey ( 1939), acid and gas are form 
dextrose, levulose, galactose and maltose, while lactose, sucrose, sa IC1 " 
jnulin are not fermented. Growth on milk is at first slow, in ortv eig 


53 prides and Richardson. Brit. Jour. Exp. Path., 1935, 16:526. 



CHAPTER 78 


GAS GANGRENE: CLOSTRIDIAL INFECTIONS OF MAN 
AND ANIMALS 

GAS GANGRENE IN MAN 

In the pre-antiseptic days the formation of sloughs, the occurrence of massive 
necrosis, and the onset of gangrene, so frequently followed upon any extensive 
operative procedure that they were regarded as more or less inevitable features 
of surgical practice. With the advent of antiseptic surgery, and the consequent 
healing of wounds by first intention, these processes became less and less common, 
till eventually even the names by which they were described took on an archaic 
air. It was therefore not unnatural that when gas gangrene appeared in the early 
days of the war of 1914-18, many surgeons were confronted with it for the first 
time. It was the older surgeons, who had had experience of pre-Listerian methods, 
that recognized its true nature, and that pointed out the impossibility of prevent- 
ing it by the modern aseptic methods. Nevertheless, though the disease was old, 
its study had to be taken up anew'. The problems were attacked with such success 
that by the end of the war gas gangrene had ceased to be of more than minor 
importance In peace time the disease is uncommon, but is occasionally met 
with after severe compound fractures, and during the puerperium, particularly 
after illegal abortions (see Hill 193G). 

In this chapter we can give only an outline of the original bacteriologica 
investigation of gas gangrene , for a full description the reader is referred to the 
monograph of Weinberg and Segum (1918), and to the Report of the Anaero nc 
Committee (see Report 1919). 

Bacteriology. — In 1914 the incidence of gas gangrene amongst the British 
Expeditionary Force amounted to over 12 per cent, of the number woun c , 
of these 20-25 per cent. died. By 1918, owing to cailier evacuation o ® 
wounded, excision of wounds, the employment of an antiseptic technique, on 
other measures, the incidence had fallen to under 1 per cent. (Report ■ 
Indeed, in the Base Hospitals in 1918, amongst a total of about 25,000 w ? un 
reported on by Bowlby (1919), only 84 patients developed serious or massne g ^ 
gangrone — an incidence of 0*34 per cent. In the French and German j n 

incidence appeals to have been rather higher. The incidence of go* 
the 1939-15 war \ancd with the theatre of fighting. Among l/.S troop* 
from O to 45 per 1 ,000 (Smith 19 19), the higher figures usually being 
land fighting, and, presumably, with contaminated sotl (*ec Smith am 

1919) a number 

Examination of the wound of a man dying of gas gangrene re 
1982 



Clostridium Ckauvei 

seventy-two hours a dot is formed and .^resswe liquel icuo.i im,,, U i 1 
abundant gas and add formation until *k t i ein is oimpl* uh p< p, mi/u. 1 

Pathogenicity. There is no authe uk , t ord of a nu.p 1 inkctm, 
attributable to Cl. sporogenes alone I: ha- L - .13 chimed th 1* t! 1 biullus w 
factor in certain intestinal disorders Vu >is hcqucnt <»u.ur r i'.< in *hi in 
testinal tract of healthy men and amm >K > n»t in ent w 1 1 tlii * i, position 

In animal experiments relatively In um« «ue t\>ju<nd .<» pomm.. cm ms 
less than 5 ml. of a young dextrose broth uiI’um* injei td sub at non K in 
guinea pigs, which are the most su-np-mle . xpeiimi ,j ui<nn umuIK 
results in only a local manifestation In a t. \ h< mirths imn is civ 1 <>sc rising 
hair loosens, the skin becomes gangr- mw? in ’ .. wed sli^'uh ■ 1 in are 1 o! 
subcutaneous tissue digestion in which a mtmI .uii Hint ol gis [ ,v«jrs Such 
animals usually show no systemic involvement .uid the !■' nn hiak in a feu 
days, leaving a necrotic scar which he.iL Urn* h 1 b f ceiefo* n 10 intramuscular 
injection is only slightly more severe 

The most obviously important of the pathogenic ni mifistations of Cl sporo- 
genes (and probably of other putrefactive anacmbiv is that of a mutual 
acceleration in metabolism which occurs during growth with the more defi 
nitely pathogenic anaerobes, especially Cl. welch it . Cl scpticum and Cl ttovyt 
While the presence of various aerobes is in some degree stimulating to the 
growth of obligate anaerobes (due partly, as Pastern suggested, to the absorp- 
tion of oxygen, but also to other unknow n factors) the presence of putrefactn e 
anaerobes greatly enhances the pathogcnicitv of the non-putrcfuctnc pat I 10 
gens. The proteolytic forms supply protein split products which the fermenta 
tive types are unable to elaborate so rapidly. It m.iv be noted that, while an 
admixture of a proteolytic culture reduces the minimum fatal dose of a non- 
proteolytic anaerobic experimentally, the admixture of sporogenes filtrate with 
toxic filtrates of Cl. welchu or Cl. norji has no such action; there may, in fact, 
be a diminution of toxicity 

BLACKLEG (CLOSTMDIUM CHAUVEI) 

Blackleg, also known as quarter evil anil symptomatic anthrax (not to be 
confused with anthrax, Chapter 27), is an important, widespread, acute disease 
affecting cattle It occurs wherever cattle are kept and is prevalent throughout 
the United States with the possible exception of the Southern Atlantic and 
Eastern Gulf States. The name blackleg, like gaseous gangrene, has been 
applied to affections due to various anaerobes in some instances Cl. scpticum 
or, rarely. Cl. novyi is found, but the principal cause is Cl. chauvei. Just as 
Cl. welch ii (Type A) is not involved in natural infections of lower animals, 
so Cl. chauvei has never been shown to be responsible for anv bum in in- 
fection. 

Although the bacilli bad been earlier observed and the disease transmitted 
by the injection of the serous fluid from an infected animal into a health) 
animal. Cl. chauvei was cultivated and its causal relation to blackleg established 
by Arloing, Corncvin and Thomas in 188/. 

Morphology. Cl. dtaurci is a gram positive, motile, spomlating rod. The 
si/c is variable! ranging from 3 to 8 / 1 . in length anil about I in breadth. 
The cells occur singly as a rule, in contrast with Cl scpticum. there is little 
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characterized by foul, aero-purulent infection of the depths and crevices of the wound, 
without progressive involvement of muscle, the predominant organisms were proteolvtic 
and non-toxigenic clostridia, and Cl. tcdchii. In I4G cases of true gas gangrene, the 
pathogenic clostridia were as follows : Cl. tcdchii (57 per cent.), Cl. cedematiens (37-7 pet 
cent.), Cl. septicum (20 0 per cent.). Cl. tclani (13-1 per cent.). Cl. histolytieum (6 9 per cent), 
Cl. bifermentans (4-8 percent.) and Cl. fallax (1-4 per cent.). As the fighting moved from 
desert to more cultivated country, the incidence of gas gangrene was doubled and the 
percentage of Cl. tcdchii infection increased. The frequency of the pathogenic clostridia 
when they were present singly in wounds was as follows: Cl. tcdchii 34-3 per cent , Cl. 
cedematiens 17d per cent.. Cl. septicum 4-S per cent., Cl. histolytieum and Cl. bifermentant, 
each 0-7 per cent. In other cases more than one species wa3 isolated. Anaerobic strepto 
cocci (see Chapter 07) were found in 8-8 per cent, of cases. Other surveys in the 1930-4.1 
war revealed substantially the same distribution of pathogenic clostridia (Zeissler 1941). 
excepting that Stock (1047) and Smith and George (1040) recorded an incidence of 4 per cent 
or less for Cl. septicum. In India, Dhayagude and Purandarc (1049) found no Cl admn 
liens in their patients with gas gangrene, and 20 and 36 per cent, of Cl. histolytieum anl 
Cl. septicum respectively. 

It should be noted that Cl. lotulinum has been identified in wounds (Hall 1945), m 
some cases giving rise to clinical botulism (Davis et al. 1931, Thomas ft al. 1951) 

Summing up, we may say that gas gangrene may be caused by a number of 
different anaerobic bacteria, usually clostridia, but sometimes by anaerobic strepto- 
cocci. Usually the clostridia are present either in combination with each other 
or with aerobic organisms. The three most important anaerobes are Cl. velm 
(B. perfringens), Cl. cedematiens, and Cl. septicum [Vibrion seplique) ; ofless 
importance are Cl. bifermentans, Cl. fallax , Cl. histolytieum, and Cl. sporogenes. 
The presence of pathogenic clostridia in a wound, .however, is not necessa j 
indicative of a gas gangrene infection. Most commonly they appear to he sunp 6 
contaminants of wounded tissues ; they are frequently associated with ceil i > 
and only infrequently with true gas gangrene, i e. clostridial myositis 

Reproduction of Gas Gangrene in Animals. 

The experimental disease caused by Cl.tcelchii, Cl. septicum, and Cl. cedetndie 
has already been described in Chapter 36. . ,g u [j 

Each of these organisms, it will be remembered, forms truj exotoxm 3 
and Pritchett 1917a, b, Report 1919, Weinberg and Seguin 1918), which 
possess haemolytic, leucocidal, and necrotic powers (Kamen 1904, E^ 
1907, Simonds 1915, Weinberg and Seguin 1918, Report 1919, Wein 
Ginsbourg 1927). The most potent toxin is formed by Cl. cedematiens ; w # ^ 
disease associated with this organism partakes more of an intoxication than 
infection. 

Mode of Development of Gas Gangrene in Man. ... 

We have already seen that the injection of a broth culture of Cl. 

Cl septicum into a guinea-pig will give rise to a disease simulating gas afe 
Organisms washed free of toxin, or saline suspensions of agar-slope c 
uon-patbogenic except in very large doses. But when to the toxin-m*.^^ 
sub-lethal dose of toxin (broth filtrate) is added, the mixture P r ?' eS trates the 
virulent. A protocol from De Kruif and Bollman’s paper (1917) J ^ . j^dli 
uoint that a non-lethal dose of filtrate decreases the M.L D. of the was 

over a thousand-fold. 
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tendency to form chains or filaments. Tire spores are subterminal and oval 

b" C ™ , ,C rr VC 7"t! n "’ hkh lhey 0CCUr - SP 0 ™ 1 ' 1 '™" is often preceded 
b. marbed swelling of the vegetative cell. Deep agar colonies are minute 

compact and downy. On the surface of blood agar well separated colonics arc 
flat, round or leaf-like, and Hemolytic. arc 

Physiology. This bacillus is a strict anaerobe and, like Cl. sptmeam 
grows at temperatures as high as 50“ C„ though the optimum is 37° C ii 
will grow on the usual laboratory media but is best cultivated in meat or brain 
medmm. These are never discolored nor digested by pure cultures, but thev 
may be slightly softened. Gelatin is liquefied, but coagulated serum and esc 
are not Hydrogen sulfide is produced, but indol is not formed and nitrates arc 
not reduced to nitrites. Dextrose, levulose, galactose, maltose, sucrose and 
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F»R- 134, Clostruhnm chtmvei from pure culture. Subterm ina} oval spores are apparent 
note the swollen prc-sporulattng cell on the far rifihr. Fuchsin, X 1050. 


lactose are fermented with the formation of acid and gas, inuhn, saltern, man- 
nitol, dulcitol and glycerol are not fermented It may be noted again that this 
microorganism may be differentiated from the closely related CL * pticnm on 
the basis of the sucrose and salicin fermentation. Litmus-milk cultures become 
acid and the casein is precipitated, but peptonization does not occur. 

Pathogenicity, Natural infections due to CL chain'd occur principally 
in cattle. There are still several obscure features in the epidemiology. The 
disease occurs at special seasons of the year, is connected with certain localities, 
and is said to show a distinct predilection for the best young stock. The portal 
of entry is uncertain; whether it enters by way of minute abrasions on the skin 
or through the gastrointestinal mucosa is quite unknown Experimentally, CL 
chain'd is pathogenic for cattle, sheep, goats, guinea pigs and mice; horses, 
asses, hogs, rabbits, rats and pigeons are somewhat refractory, __ . 

The symptoms in animals consist in crepitant localized swellings, which in 
natural infections occur on the thighs, neck or shoulders. Tire animals become 
stupid, feverish and anorectic. Treatment is rarely successful, and sick ani- 
mals usually die in one to two da) s. The mechanism of the disease is that o 
progressive bacteremia. A weak exotoxin is produced. 
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is produced by about half of the toxigenic strains (Robertson and Reppie 1941, Keppie 
and Robertson 1944, MtClean et of. 1943, Kass et al 1945, Evans 1945a). Collagenase 
production, like a-toxigenicity, is also associated with virulence in Cl. uelchii (Evans 
1947a). Simple association, however, is not proof of a causal linkage. The mimicry of 
the natural lesion by toxic filtrates containing several active components, noted above, 
is a better proof ; hut when more stringent immunological evidence (c) is sought, the result 
is meagre. Evans (1943a, b, 19476) tested the protection afforded to guinea-pigs by anti- 
bodies against a- and 0-toxin, hyaluronidase and collagenase ; and found that of the four, 
only a-antitoxin was protective. The efficacy of active immunization by a-toxoid rein- 
forces this view of the predominating importance of a-toxin, and the subsidiary part, if 
any, played by the hyaluronidase and collagenase in the genesis of gas gangrene. 

.... f 


may bo one of the reasons for the success o f early Surgical treatment i n gas g angren e. The 
effect of such relief is well illustrated by Evans, who in the guinea-pig made a simple 
incision in 4-hour-old Cl. icelchii lesions of the thigh muscles, and recorded that 13 of 18 
animals survived, whereas 18 of 18 control animals not so treated died within 3 days 
(Hartley and Evans 1940). 

The role of the Jecithmase r i n the muscle lesions is more readily understood than in 
the toxaemia of gas gangrene. Type A filtrates have an acute action on heart muscle 
(see Nicholson 1934-5. Kellaway et al. 1940) ; the isolated heart perfused with ?;toxirrs. 
is killed, with the liberation of phosphoryl choline (see Wright 1950), suggesting a direct 
a ction of lecithin ase^ Moreover, not only can a-toxm be detoxified by mixing with lecithin 
before injection (Wright and Hopkins 1946), but emulsions of lecithin, extracted from human 
animal tissue, injected into the blood of dogs and mice, protect them against the toxaemia 
(Zamecmk et al. 1945) On the other hand, MacLennan and Macfarlane (1945, Macfariane 
and MacLennan 1945) q uestion th e conclusion that the ^ generalize d toxaemia 
du e to «-to xin, mainly "on the grounds that even the early establishment in the blood o 
high con centrations of ant ' * ‘ -•--** ...+nv.n i* rapi Jy 

fixed to muscle : tliat'irit 

sarily produce toxsemia ; — 

. -i-i-p— - — - - , inducts 

tissues ol intoxicated man - — ry 

of tissue injury secondary " — 

in tr aum atic shocks (See , 0 j 

The separation of the toxic components of Cl. adematiens and Cl. septicum ^ 
yet progressed to the point where their in vno effects can be profitably analyse , eve 
the limited extent realized with those in Cl. tcelohu. 

“ The disease begins, not when a wound has become infected with the P 3 * 1 
genic anaerobes, but from the moment when a group of these bacteria av ® .. . 
enabled to surround themselves with a toxin sufficiently concentrate o a 
the local defences of the tissues ” (Report 1919). Once this has occurre , 
organisms multiply, produce more toxin, and rapidly invade the issues. ^ 
from their aggressive action in the infected tissues, we are arge y ign 
the mode of action of the various clostridial toxins in man. 

It cannot be too strongly emphasized that the diagnosis 
primarily be made upon clinical grounds. As the figures P- 


Clostridium Botulinum 591 

Immunization. A method of prophylactic inoculation which was devised 
by Arloing, Comcvin and Thomas has been widely used in active immuniza- 
tion. The Lyons 11 vaccmc, as distributed by the Bureau of Animal Industry 
of the United States Department of Agriculture, is prepared as follows. The 
muscle tissue from a fresh blackleg tumor is pulverized in a mortar, extracted 
with w’atcr, and the extract dried at 35° C. The dry brown scale which results 
is suspended in water (2 parts), heated for six hours at 95° to 99° G, and 
injected in appropriate quantities as determined by test and specified on each 
package distributed The dried material retains a high degree of activity for 
several years Some commercial firms distribute this vaccine in the form of 
strings to be sewn into the flesh; other dispense the powdered v accinc in the 
form of pellets which are inoculated by means of a “pill gun.” In 1901-2 (July 
1 to June 30) 565,628 cattle were vaccinated in the United States. During 
the previous season 14,817 deaths had occurred, in a similar period after vac- 
cination the number of deaths was only 2902. 

Bactcria-frce filtrates of edema fluid expressed from the flesh of guinea pigs 
dead of blackleg or of liquid cultures have been used as immunizing agents 
with promising results. 51 

Agglutinating antisera may be prepared against Cl. cliauvci, and this species 
appears to be immunologically homogeneous. 

CLOSTRIDIUM BOTULINUM 

The type of food poisoning termed botulism has been discussed elsewhere 
(p. 272) and need not be considered further here. In Germany botulism was 
first definitely observed in 1785 and was and is associated, though by no means 
exclusively, with the consumption of sausages; lienee the not altogether appro- 
priate name botulism (Lat , botulus. sausage). The causative bacterium was 
isolated by van Ermengem in 1896 and named Bacillus hotidmus. It is now 
known as ClostruUum bottilmum. 

Morphology. Cl. botulniunt is a large, pleomorphic, gram positive, mo- 
tile. sporulatmg rod, 4 to 6 ft in length and 0.9 to 1.2 /i in breadth. The cells 
occur singly, in pairs and in chains There arc 4 to 8 pcritrichal flagella. The 
spores arc subtcrminal and oval and distend the vegetative cells containing 
them. Spore formation is v anablc from strain to strain, some strains producing 
spores abundantly, others sparsely, but in general spore formation is best in 
sugar-free media. 

Deep agar colonies arc translucent, globular and diffuse, or flat and heart- 
shaped or disc-shaped, according to the consistency of the medium. Surface 
colonics arc relatively large. 5 to 10 mm. in dnmeter, glistening, translucent 
at the edges with a thicker brownish center, filamentous, and hemolytic on 
blood agar 

riivninlnpy. Cl. bolultnum may be grown on the usual laboratory media 
under strict anaerobic conditions, cultivation on synthetic solutions Ins indi- 
cated tint the amino adds cystine, leucine, lysine, glycine and proline are 
requires! M Amino acids ore decomposed by coupled oxidation reduction rcac 


1919, 75. p. 4 The preparation cf cul- 
■or. Apr. Re*. 1918, N2S3. 
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GAS GANGRENE IN MAN 


suffering from gas gangrene, with mixtures of these sera suggested that both 
procedures were beneficial (Weinberg and Seguin 1918, Report 1919). 

In. experimental gas. gangrene, both antitoxins and antibacterial sera confcafojn» 
0 antibody are protective. But since none of the chief gas-gangtene cloatridia is 
antigenically homogeneous, the efficacy of an antibacterial serum is confined to 
infections with a given serological type (see Robertson and Felix 1930, Henderson 
1934, 1935). It is clearly impracticable to maintain antibacterial sera specific 
for the multiplicity of serological types. On the other hand the toxic antigens 
in culture filtrates of these clostridia, though they vary in the content of different 
components, are to a large extent species-specific, and for routine therapy a mixture 
of antitoxins can therefore be used. The antitoxin appears (o diminish the toxaemia, 
and thus, by lifting the burden of intoxication from the tissues, makes effective 
the antibacterial mechanisms of the host (sec, c.g., Stewart 1943a, Evans I945&). 


Several different methods have been employed in the standardization of antiserum 
against gas gangrene (see Dalling d al. 1928. Buttle and Trevan 1928, Glenny, Llewellyn- 
Jones, and Mason 1931, Weinberg, Davcsne. and Pr(*vot 1932, Bcngtson 1934, Hartley and 
White 1935, Walbum and Reymann 1935, Ssilanowa 1935, Weinberg and Guillaumie 193S, 
Ipsen 1939, Ramon 1940, Guillaumie 1941, 1942, 1943, Nagler 1941, Seat and Stewart 
1941, Stewart 1945). The two chief methods used for titrating the antitoxin content are 
intramuscular or intravenous inoculation of mice, and intracutaneous inoculaton of 
guinea-pigs or rabbits, with toxin-antitoxin mixtures. Other methods include flocculation 
tests analogous to the Ramon titration of diphtheria antitoxin, and, with Cl. weldin', 
neutralization of tho lecithma 9e activity of the a-toxin. International standards exist 
for Cl i relc/m (see Hartley 1931), 67. cedematiens, Cl. septicum (Hartley and White 1931), 
Cl. histolyticum (Jensen 1936) and Cl. sordellii (Bcngtson and Ipsen 1939) antitoxins 
(See also Hartley and Evans 1942-43.) No international action lias yet been taken to 
define these antitoxic sera in terms of the multiplicity of toxins ; it may be assumed that 
they are mainly active against tho chief lethal toxin. 

During the 1939-15 war, the dose of polyvalent antitoxin recommended for 
prophylaxis m the British Army was 9,000 units of welchii antitoxin, 4,500 units 
of septicum, antitoxin and 3,000 units of cedemaliens antitoxin, to be given intra- 
venously if possible, otherwise intramuscularly. For treatment, three times this 
dose was recommended, to be given intravenously and repeated 4-6 hourly, accord- 
ing to the response of the patient (see Memorandum 1943). The value of prophy- 
laxis in seriously wounded soldiers cannot at present be estimated. The evaluation 
of antitoxin therapy of established gas gangrene is complicated by the wide varia- 
tions in the seventy of the disease encountered in the field, in the surgical treat- 
ment, and in the type of chemotherapy, local and systemic, often combined wit 
antitoxin treatment. 


The British figures for the African and Italian campaigns (MacLennan 1943, 1944a, 
Macfarlane 1943, MacRcnnan and Macfarlane 1944. Macfarlane 1945) suggest that the deatn 
rates in established gas gangrene are significantly lowered by large total doses o anti oxm 
(50,000 units or more). Thus in one senes 84 per cent, of 25 untreated patients i , a 
onlv 51 5 per cent, of 114 antitoxin-treated patients. The antitoxin was effective on y i 
patients receiving adequate surgical treatment. Neither antitoxin nor ciemo iera 
appears to have much effect on the case-fatality rates when excision of t ie a ectc 
is incomplete (see also MacLennan and Macfarlane 1944). Occasional stri mg sue 
for antitoxin arc recorded (Patterson et al. 1945). 

Chemotherapy of Gas Gangrene.— As early as 1 937, '^^suSohonamidw 

action ofaulpbanilamide in three cases of gas gangrene. Since that ime p 


592 Clostridium— The Spore-forming Anaerobes 

tions rather than by direct oxidation. 57 Brain, meat and coagulated protein 
media are blackened and digested, gelatin is liquefied. Milk is peptonized. 
Hydrogen sulfide is produced, but nitrates are not reduced to nitrites and indol 
is not formed. Dextrose, ievulose and maltose are fermented, the fermentation 
of other sugars is variable from strain to strain and type to type. The spores 
are highly resistant and withstand boiling for thirty minutes to twenty-two 
hours, and autoclaving at 120° for as long as twenty minutes. 

Irrespective of the presence of fermentable sugar, a potent soluble toxin is 
produced which resembles other soluble toxins in most respects. It is, however, 
unusually stable to heat; heating to 80° C. for thirty minutes or boiling for ten 
minutes is required to destroy it. Botulinum toxin is unique in that it is not 
destroyed by the digestive enzymes of the gastrointestinal tract and hence is 
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Fig 135. Clostridium botnlinum Type A from pure cullure. Note the sukerminal swollen 
spores and free unstained spores admixed with the vegetative cells. Fuchsin, X 1050. 

effective when given by mouth. It is the most potent bacterial toxin known, 
the guinea-pig MLD may be as small as 1 x I0~ (J ml. of broth culture. 

Types. Cl botnlinum is subdivided into a number of types which diUcr 
from one another in that their toxins are immunologically different. The 
known of these are Types A and B, which, in the past, have beenregar a* 
solely responsible for human botulism. It is supposed that van Ermengcms 
original culture, now no longer available, was Type B. . 

Additional types have been described since the early 1920s- A toxm-pr 
ducing anaerobic bacillus isolated from fly larvae (the ingestion ° w ic 1 
associated with a paralytic disease of chickens) has been designate! 

A closely related bacillus was isolated by Scddon ,f> from botulism o ca 
Australia which he designated Bacillus parahottilitius. This baa us 1 
designated Cl. botnlinum Type C/? and the fly larvae bacillus C • ,0 ’ 

Type C«. The toxins of these subtypes of Type C are related tn t to 

7 Clifton Jour. Baa., 19-10, 39.485. 

^'Bcngtson Pub. Health flepts., 1923, 38-340. __ 

59 Scddon. Jour. Comp. Path, and Thcrap, 1922, 35‘H7, 2/5. 
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acute obstruction of the intestine or acute appendicitis has long been a matter of debate. 
Williams (1926) obtained evidence suggesting that the toxemia was due to the formation 
of Cl. welchii toxin in the lumen of the obstructed small intestine, and that antitoxin was 
beneficial in the treatment of such cases. Paralytic ileus following acute inflammation in 
the abdominal cavity appeared to have the same effect as mechanical obstruction in the 
genesis of toxrcmia ; clostridial infection of the inflamed tissue was not observed. Wein- 
berg (Weinberg et al. 19286, Weinberg 1929), however, observed that clostridia could be 
obtained from 30 per cent, of acute lesions of the appendix (subsequent observers have 
recorded higher figures) ; and bo tested the effect of antisera prepared against the gas- 
gangrene organisms in the treatment of conditions associated with an anaerobic invasion of 
the tissues (Weinberg and Howard 1927, Weinberg et al. 1928a). At most, it can be said 
that such antisera appear to reduce the case-fatality rates, especially when used in con- 
junction with surgical treatment (for later references see Priestly and McCormack 1936). 

Bower, Bums and Mengle (1938) induced a fatal peritonitis in dogs by ligation of the 
appendiceal vessels, followed by a purgative dose of castor oil ; Cl. welchii antitoxin 
reduced the mortality, and prolonged the lives of animals that eventually succumbed 
to the infection. Normal horse scrum was likewise protective, but to a less extent— an 
effect attributed to the natural antitoxins in the serum. Prophylactic immunization 
with Cl. welchii toxin also reduced the death rate from this experimental disease (Mengle 
el al. 1938). The active participation of Cl. welchii may also bo inferred from the fact 
that an antitoxin response is demonstrable in patients with appendicitis. Thus, Bower, 
Mengle and Paxson (1938) found that 22-2 per cent, of patients with acute appendicitis, 
46 6 per cent, of those with active or quiescent pelvic peritonitis, and 69 0 per cent, of 
those with, septic peritonitis after perforation, bad more than l unit of Cl. welchii antitoxin 
per ml. of circulating blood. The corresponding figure in control patients was 0 0 per cent. 

There is little evidence that clostridia, as distinct from other intestinal bacilli, have any 
significant role in the development of htemorrhagic shock (Fine 1952). 

A human case of necrotic hepatitis due to Cl. cedematiens, resembling braxy of sheep 
(see below'), is reported in man (Mollaret et al. 1948). 

Enteritis necroticans (“ Darmbrnnd ”). — We describe below a number of well-rccogmzed 
intestinal infections of animals due to clostridia. No such disease in man was recognized 
until 1946, when a severe and often fatal enteritis was described in Germany, characterized 
by a diffuse sloughing enteritis of the jejunum, ileum and colon. The lesions contained 
many bacteria, including large Gram -positive bacilli. Zeissler and Rassfeld-Sternberg 
(1949) isolated from the lesion a type of Cl. welchii, subsequently designated Type F } 
Oakley (1949 , see Chapter 36), in which a- and y-toxins predominated. Typo I is foun 
in a small proportion of normal stools, and is said to induce enteritis in guinea-pigs " ien 
given mtraduodenally, but not by mouth (Scliutz 1949). In man, the organism is 
ently ingested with food. The disease attacks mainly infants and persons ° ver ,’ 
children and adolescents are more resistant. The predisposing factors are not un ors > 
though dietary imbalance is suspected to be one of them. A viral cause, in addition o 
clostridial, is suspected by some (Dicckmann 1949, Ham 1949, Scliutz 1949, Zeiss er 
Hansen el al. 1949, Marcuse and Komg 1950). 


CLOSTRIDIAL INFECTIONS OF ANIMALS 
Blackleg and Gas Gangrene 

Synonyms : Symptomatic anthrax, quarter-evil, blackquarter. 

French : Charbon symptomalique. German : Ratischbran 
Blackleg is a disease attacking cattle, sheep, and less often swine (Mc>cr 1915) 
It is characterized by the appearance ot a crepitant, fluctuating awe ^ ^ 

on one of the quarters, followed rapidly by death. Calves arc r 
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toxin protects against both Ca and Cfi toxin, but C/3 antitoxin protects against 
C/J toxin but not Ca toxin. 

A South African strain first described by Theiler and Robinson. 0 " designated 
by them Clostridium parabotuhnum equi, has been further studied bv Meyer 
and Gunnison 61 and given the name Clostndiuut botuhnum Tvpe D, for its 
toxin is not neutralized by the antitoxins of Types A, B or C. Still another type. 
Clostridium botuhnum Type E, has been isolated 6 - in Russia from fish, con- 
sumption of which resulted in human botulism. The Type E toxin is not neu 
tralized by antitoxins of the other four types. There appear to be some strain 
differences in the action of Type E toxins though complete cross neutralization 
occurs 63 Type E, it may be noted, has been found as a cause of human 
botulism in the United States 64 

Toxins. As just indicated, a number of immunologically different toxins 
are produced by Cl. botuhnum and a gi\cn toxin is produced by a single t)pc 
rather than the various toxins being distributed among the types as in the 
case of Cl. welchii. Furthermore, the pharmacological action of the toxins is 
essentially the same and differentiation can be made only on an immunolog 
ical basis, i.e., the passive protection test in which a scries of experimental am 
mals is passively immunized, each with a single antitoxin, and all challenged 
with the unknown toxin 

Of these toxins, that of Type A is the most potent, exceeds in toxicity the 
other soluble toxins such as those of the diphtheria and tetanus bacilli, and is 
the most potent toxic substance known The botuhnum toxins, though protein 
in nature, arc relatively resist ' ’ *' " " * 

when gi\cn by mouth The T 
by Lamanna, McEIroy and 

by alcoholic precipitation in the cold in the first instance, and by sodium sul 
fate and acid precipitation in the second. The preparations are npparentb pure 
protein with the properties of a globulin and a molecular weight of 9 to 11 
x 10 s . The LD 3 „ dose for the mouse contains d 5 x 10 9 mg of nitrogen and 
consists of about 2 1 x 10 7 molecules Tjpe B toxin has also been prepired In 
Lamanna and Classman' 17 as a pure homogeneous protein but has not Itcen 
crystallized. It is somewhat less potent than Type A toxin and the mouse 
LI),io dose contains 5 to 9 x 10 n mg nitrogen Both pure and crude botuhnum 
toxins may be detoxified with formaldehyde to guc formol toxoid which mas 
be used for acme immunization. 

In . 

\s . ■ - ■ ■ ‘ i ■ 


«° Thnlrr anti Rnbmwm llo. Gen. tic Met! Vrt . 1927. 16 191 
«• Mnrr ant! Cunniwffl Jour. Inr Ui«, 1929. -IS |06 

•if/ Gunnium. Cummins* and Mrvrr: Proc Sot, Txp Itt.4 Mnl, 1916 IS 278. 
Rudinir. Rrun and Pa Aina Zttchr. Microbiol rpdrmi»l Immumtawf (U S.S II ), 


■ ' Awn, 1941. 177.22 

••Abrams. Karin and I Uric J.tir. Ilvl. Cbcm, 1946. 1644,1 
• T Larunna »rv! Clawman' J<*jr. Pact, 1947, 54 575 
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cultures is produced in slieep by the subcutaneous inoculation of solutions of tie 
heat-stable antigen (Mason 1936). Antitoxins are less effective against the bacterial 
invasion. However, sera for therapeutic use have been prepared against Cl. ciauixa 
and Cl. septum m, and their intravenous administration in cases of the fully developed 
disease appears at times to have given favourable results. 


Braxy 

Synonyms : Bradsot = quick plague. 

Braxy is the term used for a disease of sheep occurring mainly in the north* 
western part of Europe. Recent work has rendered it clear that more than one 
type of disease is called by this name. For descriptive purposes we propose to 
reserve the term braxy for the typo of disease characterized by inflammation of 
the fourth stomach, and to refer to the so-called German braxy by the term black 
disease or infectious necrotic hepatitis. 

The classical or northern braxy occurs on the western coast of Norway, in 
Iceland, the Faroe islands, and Scotland. Sheep are most susceptible during 
their first year. The disease breaks out in the late autumn and early winter 
months when the animals descend from the hills to the pastures of the lowlands. 
In Scotland the losses from braxy in some districts may amount to as much as 
35 per cent, of the first year’s sheep (Gaiger 1924). Clinically, in the usual 
acute form of the disease, death occurs before any symptoms have been noticed ,* 
in the subacute form there is weakness, followed by coma, dyspncea, and death. 
The duration of the disease is a matter of a few hours. Post mortem, there is 
severe inflammation of the fourth stomach and duodenum, with cedema and 
hsemorrhage— sometimes necrosis— of the mucosa and submucous tissue. The 
peritoneal fluid is often turbid and in excess ; there are degenerative changes in 
the visceral organs, and an acute parenchymatous nephritis. 

The causative organism was described by Nielsen in 1888, who found it in large 
numbers in the stomach wall. It was identified by Gaiger (1922) with Cl. septicum. 
The mode of infection is obscure ; experimental feeding with pure cultures of 
the bacillus apparently fails to reproduce the disease ; Jensen was successful only 
5 times in 1,545 attempts (Gaiger 1924). Subcutaneous injection produces black- 
leg , post mortem, lesions may be present m the abomasum simulating those 0 
the natural disease (Hamilton 1902, 1906) ; there is no evidence however t a 
natural infection occurs by this route. Again we are forced to conclude that some 
accessory factor must be present before the bacillus is able to invade the tissues. 
Experimental work on guinea-pigs by Borthwick (1934) suggests that intestina 
stasis and exposure of the animal to cold are important factors in determining ® 
invasion of the tissues by Cl. septicum. Though the feeding of cultures to normo. 
guinea-pigs rarely set up infection, inhibition of peristalsis by narcotine, or P rc 
liminary exposure to cold, resulted in the development of a fatal infection m a 
fairly high proportion of the animals. , 

A considerable degree of protection is afforded by the use of Jensen s se 


Gaiger (1922) obtained promising results by the use of a sterile filtrate °^ a 
of Cl septicum. Of 10,340 hoggs (1st year sheep) vaccinated, 2 39 per cent, te •<> 
whereas among 3,800 control animals the mortality from braxy v as 9 per te - ( 


1934a). 


594 Clostridium— -The Spore-forming Anaerobes 

proteolytic (sometimes designated ovolytic but digesting proteins other than 
coagulated egg albumin), whose cultural characteristics have been described 
above, and the other saccharolytic or fermentative in character, whose members 
do not hydrolyze coagulated native proteins. The proteolytic group includes 
Type A and some strains of Type B (the majority of the American Type B 
strains are proteolytic, while a great many of the European Type B strains are 
not). The non-proteolytic group includes some strains of Type B, and, so far 
as is known, all strains of Types C, D and E. Bengtson 0 * 11 has suggested that 
only the non-proteolytic varieties be designated Cl. botulimm and that the 
proteolytic varieties be termed Cl. parabotulinum (because van Ermengem's 
original strain was nonproteolytic)— a suggestion that has been adopted in the 
Bergcy classification. It would appear undesirable, however, to designate prac- 
tically all of the bacilli causing human botulism in the United States as “para- 
botultnum/' 


TYPES OF CLOSTRIDIUM BOTULINUM 


Type 

Synonym 

Biochemical 

Character 

Disease 

Antitoxin 

a ; 


Proteolytic 

Botulism of man, lim- 
berneck of chickens 

Specific 

B | 





Ca ! 

Fly larvae bacillus 

Non-proteolytic 

Paralytic disease of j 
chickens, botulism of 
wild ducks 

Neutralizes 
CP toxin 

Cfi 

Cl parabotulinum 

Non-proteolytic 

Forage poisoning of 
cattle (Australia) 

Specific 

D 

; Cl parabolulinitm equt 

" 

; Non-proteolytic 

Lamziekte of cattle 
(Africa) 

Specific 

E 


Non-proteolytic 

Botulism of man 

Specific 


Pathogenicity for Man. Human botulism is invariably the result of eating 
preserved foods in which the bacillus has grown and produced toxin. In Europe 
most cases have been due to the consumption of various kinds or preserve 
meats, such as sausage, ham, potted goose or duck and the like, w 1 ® m 
United States the incriminated foods have been canned vegetables > or ^ 
most part. There are surprisingly 
of the ubiquitous distribution of 

been found most commonly in the Kocky Mountain and 
while Type B predominates in the Mississippi Valley, 
and Atlantic Coast states. Type A predominates m EnglisI 
B may be found also. From 1899 to 1935 there were 2t 
68 Bengtson U. S. Pub. Health Ser. Hyg. Lab. Bull- No. 136, 1924. 


pacific uxwst 
Great Lakes region 
soils, though Type 
1 reported cases of 
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experiments, Turner was able to show that in black disease the necessary conditions 
for growth of the causative organism were found in the necrotic areas produced 
by invasion of the liver with : — * - y . - * ■ 

hepatfca. In these areas the . 
was responsible for the mai . . 

to bo latently infected with the spores of Cl. ccdemaliens, but not until suitable 
necrotic foci were established by invasion with liver flukes did the infection become 
active. 

Consequent on this work Turner prepared a formolized broth vaccine with 
which very satisfactory results were obtained in field trials. The figures showed 
that when two doses were given, the mortality from black disease was reduced on 
an average by about batf, as compared with control animals on the same farm. 
Even more favourable results attended the use of three doses of vaccine. 

Vaccination of over 270,000 sheep in Victoria, Australia, during the years 
1933-3G was accompanied by a reduction in the annual mortality duo to black 
disease from 4-15 per cent, to 0 02-0 05 per cent. (Wardlc 193G ; see also Rose 
1930). According to Oxer (1937) alum-prccipitntcd vaccine is a more effective 
immunizing antigen. 

Jamieson (19411) allowed tlmt in northern Scotland the disease was caused by Cl. 
rcdemtificn* Type It, which was also present in almut 1 per cent, of livers of healthy sheep 
and cattle in areas free from black disease, and in about 17 per cent, of liven of healthy 
animals in black disease areas. He was able to activate latent disease in infected gutnea- 
pigs, but not rabbits, by the oral administration of ceirari.c of F. hepntica. 

Osteomyelitis of Buffaloes.— 1 The buffaloes of Indonesia are said to suffer from a 
non-fa tal osteomyelitis, which particularly affects tlio humerus and femur. Tlio causative 
organism is indistinguishable from Cl. giqas, except that it is non-pathogenic to laboratory 
animals. The pathogenesis of the disease is obscure ; and inoculation of the buffalo 
with the organism is not followed by osteomyelitis (Krancveld 1930, Kranevcld and 
Djaenoedin 1933). 


Inlections due to Cl. welchii : Lamb dysentery ; “ Struck ” ; infectious entero- 
toxmmia ; pulpy kidney disease 

A number of acute toxicmic diseases have been described in different parts of 
the world, mostly affecting sheep, in which the lesions appear to result from an 
intestinal infection with a variety of Cl. welchii. The pathogenesis of these diseases 
is to a large extent obscure, but considerable progress has been made in t eir 
control by vaccination and serotherapy. 

Lamb dysentery is a disease that takes a heavy toll of life among the lambs 
during their first 2 weeks of life (Gaigcr and Calling 1921). It is particularly pre^ 
valent in the border counties of England and Scotland. Pathologically it is c arac 
terized by an enteritis varying from a mild congestion of the intestinal mucosa 
to a condition in which extensive tracts of the small and large intestine become 
necrosed and ulcerated. On the surface of the inflamed mucosa and u ccra 
areas a bacillus is found closely allied to Cl. uelchii, but differing from it m ccr an 
cultural particulars and in its production of a more powerful toxin (Da mg * 
1925, Dalling 19286, 1931-32). This organism is sometimes referred to as the 
dysentery bacillus, and sometimes as the agni variety of C . 
present probably better to call it Cl. welchii Type B (see Chapter 3 ). 
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botulism in the United States, the greatest numbers m any one year being 23 
in 1922 and 22 in 1935. Over that period of time 101 cases were reported from 
California, by far the greatest number in any single state. 

As in the case of the other sporulating anaerobes, the disease produced by 
Cl. botultmnn is an intoxication, in botulism, in fact, there is no invasion of 
the tissues and the toxin is preformed outside the body Under experimental 
conditions in which massive doses of spores have been injected, it is probable 
that no infection has been set up Cl botuhntun has, however, been found 
in three cases of contaminated wounds in mixed cultures with aerobic and 
anaerobic bacteria, but no symptoms of botulism were apparent. Under rare 
circumstances, then, it may proliferate in the tissues. 

Until the recent reports of the occurrence of Type E, Types A and B were 
the only types of Cl. botttlmum involved in human botulism The pharma- 
cological activities of these toxins are substantially identical, the cfFect appears, 
in the main, to be exerted on the peripheral nerve endings, possibly those of 
the autonomic system, and paralysis of the motor nerve end plates in the 
striated muscles and the diaphragm results Whether there are pathological 
changes in the nerve cells of the central nervous system, such as degeneration 
of the Nissl bodies, is uncertain The svmptoms include vomiting, constipa 
tion, ocular paresis and pharyngeal paralysis Death may occur within a day 
of the onset of svmptoms or may be delayed for as long as a week. At autopsy 
the liver, kidneys and meninges arc congested and there may be thrombosis 
The case fatality is variable, m the United States it has been 60 to 70 per cent, 
but in Germany it is much lower, perhaps 25 per cent 

Pathogenicity for Lower Animals. Associated with human cases of 
botulism there have been numerous outbreaks of hmberneck, a paralytic dis 
case, among fowls fed the toxin containing food Other forms of botulism in 
lower animals occur under natural conditions, however. Cl bolulmum Types 
C and D appear to be associated exclusively with the disease in lower animals. 
Certain forms of forage poisoning in cattle and horses in Australia arc botulism, 
but whether the bacilli grow and form toxin in the fodder or whether the 
disease results from the ingestion of rabbit carrion is not entirely clear. The 
South African disease of cattle, lamzichte, is botulism resulting from the in 
gcstion of contaminated carrion In the United Station botulism of wild ducks 
and other waterfowl due to Type Ca is prevalent and causes the death of 
thousands of ducks each year 70 The source of the toxin ingested by these fowl 
is uncertain 

Experimentally rabhits, guinea pigs, mice, monkeys, cats and dogs arc sus- 
ceptible to toxin administered parcnterallv or per os The symptoms arc similar 
to those of naturally infected animals and of man, and the postmortem find- 
ings are much the same Experimental animals vary widely in their sus- 
ceptibility to the toxins of the various types of Cl. botuUnttni. 

Immunity. Formol toxoid may be used as an immunizing antigen to pro- 
duce an active immunity vvuh circulating antitoxin present in the blood. 
Such active immunization has been carried out in lower animals when cco- 

» ' I tail Jour Bact. 1945. 50 21 3 

Cf Gunnison and Coleman Jour. Inf. Dw.. 1932. 57-542. Sec abo Kalmbach. 

U S Dept Agr.Bur Biol. Sun Wildlife Res and Ma nag. Lea H BS-120. 1938. 
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sin antitoxin to Cl. i veldni Type D. His work suggests that this organism may 
play a part m a number of diseases of sheep, lambs, and perhaps horses. 

The conditions governing the formation of a toxin in most of the diseases that 
we have been discussing are still obscure, and there is a considerable field open for 
an investigation of the type so successfully undertaken by Turner (1930) in black 
disease. It is interesting to reflect that whereas anaerobic infections in man and the 
carnivora are generally preceded by trauma, in herbivora they often occur spontane- 
ously (Heller 1920). 

The genesis of enterotoxcemia affords an illustration of the complexity of the 
problem. The main clinical and pathological findings in this disease appear to 
be the result of intoxication by the e-toxin (Nicholson 1934-35, Kellaway, Trethewie 
and Turner 1940, Gordon et al. 1940). In 1935 Bosworth and Glover observed 
that the lethal power of the toxin of Cl. welchii Type D, but not of Types A, B 
or 0, was increased when added to an intestinal filtrate of a normal sheep, guinea- 
pig or rabbit. But in spite of the increase, exactly the same amount of antitoxin 
was required to neutralize the toxin, whether it was free or mixed with the intestinal 
filtrate. These workers suggested that the toxin might form a highly toxic complex 
with the intestinal tryptic ferments, possessing some of the properties of histamine. 
More recently Turner and Itodwell (1943) have reported that all kinds of proteolytic 
enzymes, including those of Cl. welchii itself, can “ activate ” the e-toxin ; they 
postulate an e-prototoxin which may be converted by any of these enzymes into 
e-toxin. As regards the conditions for toxin formation in the gut, Roberts (1938) 
concluded from in vitro and in vivo experiments that in milk-fed lambs the acidity 
of the abomasum contents normally prevented any proliferation of Cl. rcelchii . 
When infective material is present after the ingestion of an abnormally large feed, 
the acidity is depressed by the casein in the feed, and Cl. welchii Type D may 
proliferate, producing a toxm which is activated in the small intestine. Bullcn 
(1952), however, showed that many sheep have Cl, welch li Type D in some part of 
the alimentary tract, and he considered the means whereby such an endogenous 
source of infection remained harmless in healthy sheep Using animals with per- 
manent fistula; m the rumen, duodenum or ileum, Bullcn, Scarisbrick and Haddock 
(1953) observed that spores of the organism introduced into the rumen were rapidly 
destroyed, but that those which survived to reach the intestine multiplied there 
for a short period, producing considerable quantities of £-toxin, and then dis- 
appeared In tlie normal animal, any pathogenic accumulation of either baci i 
or toxin in the intestine, however, appeared to be counteracted by the rapid o* 
of the intestinal contents. > . 

The source of infection is presumably Cl. welchii Type D in the soil, thoug i 
is found there only occasionally. Type A or non-toxic Cl. welchii being the P IC 
dominating varieties (see Taylor and Gordon 1940). However, it is known ® 
Tvpe D Strains readily lose their power to produce e-toxin on subculture (Bor wic 
1937), and it is possible that many of the Type A strains found in soils an 
intestinal content of animals may be degraded Type D strains. 

(For an account of the anaerobio toxaemias of animals, see Woodruff 1936.) 

For botulism in animals see Chapter 72 
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nominally feasible; in Australia botulism of sheep and cattle has assumed 
sufficient proportions to justify such active immunization, and it has been 
applied on a small scale. 71 Man may also be immunized with fluid or alum- 
precipitated toxoid of Type A or Type B or a mixture of both types. Toxoid 
may be given in four doses at two week intervals or three doses at three to four 
week intervals; an arbitrarily defined protection level of 0.02 units of anti- 
toxin per ml. of circulating blood is reached in 50 per cent of those inoculated 
in about three months after initiation of the immunization. 72 Under ordinary 
circumstances naturally occurring botulism in man is so rare that active im- 
munization is not worth while. 

Botulinum toxin is an excellent antigen and high-titer antitoxic sera may be 
produced. Under experimental conditions these antitoxins have marked prophy- 
lactic value, but their therapeutic efficacy is slight. It may be pointed out that 
in botulism, as in tetanus, the symptoms are a consequence of the injury to the 
nerve tissue and the administration of antitoxin serves only to neutralize cir- 
culating toxin. The almost complete lack of therapeutic effect of botulinum 
antitoxin in human botulism is undoubtedly attributable to the inevitable too- 
late administration. 


DIFFERENTIATION OF THE SPORULATING ANAEROBES 
In many respects the isolation and identification of the sporulating anaerobic 
bacilli is somewhat more difficult than in the case of the aerobic and faculta- 
tively anaerobic bacteria. Primary cultures may be inoculated into deep brain 
medium and, after incubation, examined for spores, heated to 80° C. for ten 
minutes, then subcultured. Representative colonies may be picked from shake 
cultures or from the surface of plates incubated either in an anaerobic jar or in 
the Spray dish. A procedure for the rapid identification of the anaerobes as- 
sociated with gaseous gangrene has been given in some detail by Reed and 
Orr. 73 

Spray 74 has divided these bacilli into main groups on the basis of reaction 
in iron milk 75 and has developed a key for their further differentiation an 
identification on the basis of morphology, physiology and pathogenicity. no 
small practical utility, his key is outlined below in an abridged form, t e 
original paper should be consulted for details concerning other anaero ic 
species and the preparation of the media. 

SPRAY’S KEY TO THE SPORULATING ANAEROBES 

I. Iron milk active gaseous fermentation, early coagulation (12-48 hours), no diges 
tion of clot, no blackening. 

Lead acetate, strongly blackened. 

Nitrite +, indol — , gelatin +, motility ~. 

Glucose +, lactose +, sucrose +, salicin — . 


71 Cf Bennetts and Hall- Australian Vet. Jour., 1938, J4'105. , , an£ j Wil- 

ts Nigg, «t aV Jour. Immunol., 1947, 55:245; Reames, Kadull. Housewnght and 
son. tbtd., 1947, 55.309. _ ___ ,,, *« j 1041 J.-493 

1 1 Reed and Orr Proc. Soc. Exp. Bid. Med., 1941, 48.535, 11 ar . 

74 Spray. Jour Bact., 1936, 32:135. , . , , v 7 mm- 

75 Fresh whole milk is sterilized in deep tubes, each of whic con 
piece of No. 26 gauge black stove-pipe iron. 
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CHAPTER 79 


MISCELLANEOUS DISEASES 

NECROBAGILLOSI8, OZJENA, RHINOSCLEROAIA, GRANULOMA VENERECTM, 
SOFT CHANCRE, CAT-SCRATCH FEVER, GLANDULAR FEVER, BARTON- 
ELLA INFECTIONS, AND VARIOUS OTHER DISEASES 


NECROBACILLOSIS AND RELATED INFECTIONS 


This term may be used to cover a wide variety of lesions in man and animals 
due to infection with the non-sporing anaerobic bacillus known as Fusiformts 
necrophorus (see Chapter 18). 

In man, infections by organisms of the F. necrophorus group, which includes 
those strains named B. funduliformis, seem to be rare. This may result from 
failure to submit all material from purulent infections to routine anaerobic culti- 
vation. Holicky (1940), for example, recorded that Gram -negative, anaerobic 
non-sporing rods and fusiform bacilli were obtained, sometimes in pure culture, 
from about 2 per cent, of over 5,000 specimens from infected patients in a surgical 
clinic. Judging from the species-frequency observed in human infections, it is 
probable that the majority of the strains isolated were of F. necrophorus type 

The disease may take the form of purulent or gangrenous inflammation of the 
akin (see Shaw 1933). The mode of infection is not always clear, but a number 
of cases have foffowed bites or injuries from the teeth of animal’s, itfbre cons- 
monly it occurs as a deep-seated infection, with purulent abscesses in the abdominal 
cavity, liver or lung, many of which appear to be the result of a pymmia. * 
often complicates operations on appendix abscesses or other septic lesions of the 
lower gut. The case fatality among patients with well-established infection is o' er 
50 per cent , and up to 80 per cent when there is septicaemia The infecting organ 
ism is presumably derived from the alimentary tract, though F. necrophorus as 
seldom been isolated from normal stools In some instances, however, Fusiform is 
strains from infective lesions in man resemble those found in normal tissues. I u9 > 
Spaulding and Rettger (1937) demonstrated cultural and serological similarities 
between strains from the normal and from the infected mouth and vagina, and rom 
lung abscesses. What, relation the disease has to Vincent’s angina (see Chapter )> 
and to the various necrotic diseases of the mouth in which the closely related organ 


ism Fusiformis fusiformis seems to play a part, is not clear. 

It is impracticable to review the types of human infection that have been reported, 
but we may note the following Puerperal sepsis and other infections of the pro# 1 
tract (Harris and Brown 1927, Delbove and Reynes 1941, Cooper and Robson 19 7, 

1950) ; abdominal, hepatic or lung abscesses (Cunningham 1930, Cohen I -> 



598 


Clostridium— The Spore-forming Anaerobes 


Spores ovoid, abundant, central-excentric, not markedly if at all 
swelling rod. 

CO Pathogenic 

Clostridium sordelhi 

(2) Non-pathogenic. 


Clostridium bifermente ms 
( Clostridium centrosporogenes') 

B. Lead acetate: no blackening, no browning. 

Nitrite — , indol gelatin + , motility -f . 

C Wine-red color in iron gelatin (24-48 hours).) 

Glucose lactose sucrose — , salicin — . 

Microaerophilic. 

Spores ovoid, abundant, e'ccentric-subterminal, swelling rod. 

Clostridium histolyitemt 


V. Iron milk, no gaseous fermentation, no digestion, no blackening, coagulation late if 
any (15-20 days or more). 

Lead acetate: not blackened, but showing smoky browning at 24-48 hours, not 
measurably increased on incubation. 

Nitrite — , indol ±, gelatin *f , motility -f. 

Glucose — , lactose — , sucrose — , salicin — . 

Spores spherical, not abundant, terminal, swelling rod. 

A. Toyjc. 

Clostridium tetani 

B. Non-toxic, 

Clostridium pulriftcum 
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NECROBACILLOSIS 


necrosis of cattle, pigs, and sheep, labial necrosis of rabbits, and a number of other 
manifestations {sec Beveridge 1934). 

In cair diphtheria, which was studied by Loeffler (1884), a false membrane stretches 
from tho throat down into the trachea ; the superficial parts arc caseous and friable, the 
deeper parts firmly adherent. Microscopically tho membrane consists of a superficial 
layer containing largo numbers of micrococci ; a middle layer, amorphous and unstained ; 
and a deop layer containing granular detritus with some cells and the characteristic long 
wavy rowB of bacilli ; these are separated by a narrow unstained zone from a dense 
infiltration of cells. Tho lungs contain pneumonic foci, in which much the same micro- 
scopical picture is evident. A similar disease to calf diphtheria is said to occur in lambs. 

Foot-rot of sheep was at one time regarded as due to Fusiformis necrophorus, but 
Beveridge (1935, 19-11) in Australia cast doubt on this. He found that neither F, ttecro- 
phortts nor Treponema penorlkutn , which could be seen microscopically in smears from the 
lesions, was able, alone or together, to set up the disease in healthy sheep. On the other 
hand, a long anaerobic Gram-negative non-sporing rod having knob-like ends, F. nodosus, 
which was present in smears in only small numbers, was cultivated in a medium containing 
10 per cent, of horse serum, and when applied in pure culture, or better still with Trep, 
penorthum, gave rise to typical foot-rot in healthy adult Merino sheep. Working with 
scrapings from lesions, not with pure cultures. Beveridge found that the infecting agent, 
as judged by its ability to cause foot-rot in healthy sheep when applied to the scarified 
area between the digits, might survive for a few days in mud or in sheep fa>ces, but never 
for as long as 3 weeks. On tho other hand it could persist for over 3 years in lesions 
of chronically infected sheep, and for as long as 7 months in superficial skin lesions between 
the digits. Sheep, however, that liad recovered from the disease for a month or more 
appeared to be no longer infective. Since the causal agent docs not survive for more than 
a short time under saprophytic conditions, it should be possible to free pastures from in- 
fection by removal, preferably during the summer, of all infected sheep. 

Labial necrosis of rabbits is characterized by a dark bluish-red discoloration of the 
under lip, accompanied by a tender swelling. Tho infiltration passes gradually down 
the under surfaco of the mouth and front of tho neck, and in about 8 days reaches the 
upper opening of tho thorax. Constitutional symptoms develop about the 6th day ; a 
thin watery dischargo comes from tho nose ; tho respirations increase in rate ; the tem- 
perature rises 1-1-5° C. and the animals die in an emaciated condition with considerable 
dyspncca. Post mortem, section shows that the under lip is converted into a yelfowisa- 
whitc, compact, bacon-like, necrotic mass, which in places extends to the bone ; arojm 
the necrotic mass is a reddish-black border. Tho cervical glands are greatly swoUeo. 
juicy, and greyish-red ; sometimes they show small caseous foci. There is bloo y> 
slightly turbid fluid in the pleural and pericardial cavities with some fibrin deposit on 
the surrounding Berous membranes. A few pneumonic areas may be seen in the lungs, 
with yellowish-white streaks passing from the pleura into the dark red pulmonary tissue. 
The spleen and other viscera appear normal. The disease was first described by Schuior 
(1891), who observed an epidemic among his laboratory rabbits. 


The diagnosis of necrobacillosis is made by morphological and cultural met o & 
In the lesions the organisms appear mostly as Gram-negative wavy non-branc mg 
filaments lying parallel to one another. Attempts to isolate them may be ma ® 
directly by the inoculation <* ' u U Y streaking pa es 

blood or potato extract aj '.gentian vio e 

incubating anaerobically (S ■ -lew of the e 

oxygen sensitivity reported ia some species of Fusiformis, surface plate 
be subcultured as soon as possible after removal from the anaerobic atraosp ^ 
The incorporation in the plate media of reducing substances like thiogyeo 
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THE GLANDERS BACILLUS (MALLEOMYCES MALLEI) 


Glanders is a disease seen, 3S a rule, only in the solipeds (horse, mule, ass), 
but is occasionally transmitted to other domestic animals, to wild animals and 
to man. E arly regarded by many as a spontaneous, non -infectious affection, 
the transmissibihty of glanders was demonstrated in 1837 by Raycr, who in- 
fected a horse by inoculating it with material from a case of glanders in a 
human subject. The causative bacillus was discovered in 1882 by Loftier and 
Schutz, whose work was soon confirmed and extended by Kitt, Wcichselbaum 
and others 

Morphology and Staining. The glanders bacillus is a small rod, straight 
or slightly curved, usually with rounded ends, and often of irregular contour. 
Rather wide variations in size are observed, the average length may be taken 
as 2 to 5 n and the a\erage breadth 0 5 to 1 /*. It is often compared to the 
tubercle bacillus but is usually found to be somewhat broader. In culture the 
bacilli tend to be shorter and more uniform in size than those observed in pus 
smears. In pus they are sometimes found within the Icucoc) tes but more often 
occur free. 7' ' ' ' * ’ ’ * 

bacilli may < 

ends in wh 0 , 

non-encapsulated, and do not form spores 

Colonies on agar are small, round, comex and amorphous in consistency. 
They are translucent and yellowish in color and upon aging (eight to ten 
days) become more opaque and the center may become light brown The 
growth on potato usually exhibits a characteristic appearance, clear, amber, 
honey-lihe colonics appear which may coalesce, and frequently the potato 


fuchsin) The bacilli are not acid-fast and are gram negatne. Cells from 
joung cultures take the stjin fairly uniformly, but those in older cultures 
stain irregular!), with a tendency to bipolar staining Granules and coccus like 
bodies within the cell take the stain somewhat more readily, and the bacilli not 
infrequently base a beaded appearance in stained preparations. Worlcj and 
Young 1 have shown that this irregular staining is due to the presence of lipid 

1 Worley and Young Jour. Bact , 1945, «J9 97. 
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(see Cunning mid Guerry 1012). It is commoner in females than in males and 
affects particularly young adults living in rural districts Multiple cases occasion- 
ally occur m one family, i>nt the contagiousness of tlic disease appears to he very 
low. It lias not been transmitted to animals (Perkins 1907, Oa won-ski 1929 
Levine and Iloy't 1918). 

The adiology of the disease is still in doubt. In 1882 von Frisch cultivated a 
member of the cftpsiilaim group from the lesions ; he ended it R. rhinosekromaiis . 
By injecting cultures into the submucous tissue of the nasal septum, he produced 
in rats a small tumour which contained the organisms. Subsequent workers showed 
that the scleroma bacillus belonged to serological Type C of the capsulatas group, 
hut could be distinguished from Fried l.iiHler\s bacillus of the same type by its 
possession of a different 0 antigen and by its biochemical reactions (sec Chapter 28). 
The organism appears to be seldom found except in association with cases of 
scleroma ; and the fact that the scrum of a high proportion of patients and of 
some contacts gives a positive complement-fixation reaction with it suggests that 
it may he carnally related to the de-ea^c (ToimKek 1923, Quast 1926, Gasiorowsfei 
1929, Kouwennor, Mnaslnml and Wolff 1931, Levine and Hoyt 1917). Strepto- 
mycin has been suggested ns a method of treatment. 


GRANULOMA VENEREUM 
Svnonvjj : Granuloma inguinale 

This disease, which is not to be confused with lymphogranuloma inguinale 
(see p. 2093), is a venereal disease characterized by a slowly progressive ulceration 
of the tissues in the genital region. It is widespread in the tropics. Both sexes 
are attacked. The incubation period varies from a few days to 2 or 3 months. 
Spontaneous cure is uncommon, but the infection is susceptible to treatment with 
antimony. 

Many years ago Donovan ( 1 905) described the constant presence in smears 
from the ulcerated lesions of characteristic intracellular bodies, which be regard^* 
as parasites, and which now usually bear his name. They are often contain® 
in giant mononuclear cells. They resemble bacilli of the Friedlander group, are 
Grarn-negativc and are surrounded by a well-defined capsule, which can be 
strated by Wright’s stain. Non-capsulated forms, however, are also preset • 
In spite of several claims to have cultivated the causative organism, the precis® 
agent responsible for this disease remained obscure till Anderson, DeMonbreun 
and Goodpasture (1945) succeeded in cultivating it in the yolk sac of the developing 
chick embryo. The organism will not grow on ordinary media or on the c “ 0 ^ 
allantoic membrane. It requires some substance present in the yolk of a fer > e 
egg for its nutrition. After a little adaptation it will grow in yolk remove rom 
the embryo and transferred to a test-tube. Yolk from embryos in the eary s qg 
of development (4-8 days) is better than that taken later (12-14 days), 
growth-supporting substance in yolk withstands heating at 60° C. for 30 nunu 

Dulaney, Guo ami Packer (1943) were successful in growing it on a medium consisting 
of equal parts of Locke’s solution and of egg yolk taken from 5 to B ! day chic c “ ^ 
sloped, and at 80 ” c for 15 '"'""Ifs ■ Bate and 0 '*“J .''JSL,,, 

Levinthal agar. On tins medium translucent shiny colonies appeared m 
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The Glanders Bacillus 

granules which do not stain with the usual dyes but may be demonstrated with 
Sudan black B or iodine-fuchsin. 

Physiology. Growth occurs on ordinary nutrient media but is poor and 
slow on primary isolation. Forty-eight hours' incubation is generally necessary 
for the appearance on solid media of colonies 0.5 to 1 mm. in diameter. Growth 
is materially enhanced by the presence of glycerol, but glucose is with- 
out effect. A sligfidy acid reaction is favorable and the optimum temperature 
is 37° C., though growth may occur over the range from 22° to 44° C. Growth 
on enriched media such as Loffler s serum medium or horse-blood agar is not 
markedly better than on glycerol agar. 2 

The glanders bacillus is quite inactive biochemically. With the exception 
of glucose, there is no action on the usual carbohydrates, and even the glucose 
fermentation is irregular and variable from strain to strain. Coagulated serum 



* / f ' yV . v A ■ 

136. Mallcamyces wallet in pure culture The generally poor staining » apparent : 
bipolar staining may be observed m some of the cells. Methylene blue, X 12>0. 


is not digested, ’ * ■ 1 " 

by some strains ‘ ■ 

is sparse and no > . , . . 

for twenty-six to forty days, the gelatin docs not solidify on cooling. Indo is 
not produced, and nitrates are not reduced to nitrites; small amounts a. y ro- 
gen sulfide may be formed. Slight acid production sometimes occurs in mi , 
with coagulation by the tenth day of incubation and decolorization o 
indicator in the lower part of the tube. . . , 

The bacillus is but slightly resistant to adverse physical and chemical agem, 
being readily killed by heat (55° C. for ten minutes) and bactericidal chem 
icals. Desiccation experiments have not given uniform results, it is saJ 
cultures dried on threads remain viable for three or four weeks, rure c 
appear to be more resistant to desiccation than the bacilli in t e nzsz 
tions from diseased animals, for infected discharges are usually sten 

~ For recent studies on the morphology and physiology of this organism see MiUe 
Jour. Bact., 1948, 55-115. 
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CAT.SGRATCU FEVER 


is positive in about two-thirds of the cases. An objection to it is that it may 
remain positive for years and cause confusion with the Frei test made for the 
diagnosis of lymphogranuloma inguinale. A positive reaction to one of these tests 
is of more diagnostic value than a reaction to both (Grconblatt and Sanderson 1937 
Dulaney 1937). 

Vaccine treatment, and treatment with an antiserum prepared by the inocula- 
tion of rains, were used at one time (Reensticrnn 1923, Nicolle and Durand 1924, 
Kababou-Safa 1925, Watanabc 1939), but the usual treatment now is bysulphon- 
amidcs or one of the antibiotics. 


CA T-SCRA TCll FEVER 

Cat-scratch fever is a disease characterized by a suppurative subacute enlarge- 
ment of one or more lymph nodes healing spontaneously in the end. The incubation 
period is about a week. A red papule may appear at the site of the scratch followed 
a day or two later by swelling and tenderness of the regional lymphatic nodes. 
Fever may or may not be present and is usually irregular. The lymphatic nodular 
inflammation may resolve, but more commonly it goes on to suppuration with 
discharge of pus through the skin and the formation of a fistula that may take 
weeks or months to heal up. Recovery is gradual The disease is said to be 
widespread in the United States of America (Foshay 1932). Cases have been 
reported in Europe (Debre el al 1950, Campbell and Wheaton 1952) and in Australia 
(Tonge cl al. 1953). Other injuries besides those inflicted by a cat may be respon- 
sible. In some respects the disease resembles tulanrmia. Diagnosis has to be made 
from tulanomia. rat-bite fever, glandular fever, and Pasteurclla infection, as well as 
from tuberculous and mycotic lymphadenitis and from Hodgkin’s disease and 
lymphosarcoma. The blood often shows a polymorphonuclear leucocytosis. A 
skin test made with pus from a hubo heated to GO 0 C. for an hour or two on 2 succes- 
sive days gives rise to a strong reaction reaching its maximum in 24 hours and 
persisting sometimes for weeks or months The cause of the disease is unknown 
but is believed to be a virus (see Greer and Keefer 1951, Lange 1951). MoIIm* 
and his colleagues (3950, 1951) described the successful transmission of the disease 
to Cercopithccus monkeys by intracutancous inoculation In both human an 
monkey material acidophilic granulo-corpuscles resembling those seen in psittacosis 
can be seen histologically in cells of the affected tissues. It is doubtful, howe'er, 
whether the virus belongs to the psittacosis -lymphogranuloma group. Patien s 
affected with cat-scratch fever do not react to the Frei test, nor do lymphogranuloma 
patients react, to the cat -scratch fever antigen. Aureomyom is said to be of va ue 
in treatment. 


Acute Non-specific Mesenteric Lymphadenitis. Epidemic Epididyjio 
orchitis 

Reference may be made here to two diseases characterized by inflammation 
phatic or other glands whose {etiology is completely obscure. Ward-McQuait ( ^ 

may be consulted for references to the disease acute non-specific mesenteric lymp a e ’ 
which affects mainly children; and Tunbridge and Gavey (1046) for in 

outbreak of epidemic epididymo-orchitis occurring among members of tne 
Malta during the summer of 1943. 
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a few days. Cultures die out m four to si\ weeks but may be maintained by 
transfer on glycerol agar. 

Classification. The relation of the glanders bacillus to other bacteria 
is by no means clear. In certain respects, such as the occurrence of branching 
and the favorable effect of glycerol on growth, it resembles the M> cobacteria 
though it is not acid-fast. It has, in fact, been grouped under the Actinorm- 
cetales by some workers in the genus Actmobacillus. In other respects it is 
related to the Brucella species with which it is grouped in the current Bergcv 
classification. Generally termed Bactllus mallei, it was formerly designated 
Pfcifferella by Bcrgey (4th ed ) as a newly created genus. Tins generic name 
has now been discarded and a new one, Malleomjccs, comet! 

Pathogenicity for Lower Animals. Under natural conditions the horse 
is chiefly affected, but cases arc occasionally observed in the carnivora (cats, 
dogs, menagerie animals) and in goats and sheep Swine and pigeons are 
slightly susceptible. Cattle and house rats are immune. Rabbits and guinea 
pigs are somewhat susceptible to experimental inoculation and the hamster 
and ferret are the most susceptible of the usual evpenmental animals. 3 

Glanders manifests itself in an acute and a chronic form, which run into 
one another, the latter frequently terminating m an acute attack. The acute 
form is ushered in usually by a chill and the appearance of a high temperature 
in advance of any local manifestation. In a few days the mucous membrane 
of the nose is inflamed and becomes studded with nodules, the lymphatic 
system becomes largely involved, and edematous swellings appear in vanous 
parts of the body. General symptoms become more grace, and death follows 
in from eight to thirty days. The mule, and especially the ass, suffer common!} 
from the acute disease. The chronic form is the more usual type in the horse 
(90 per cent of cases). A great vanet) of sjmptoms and lesions ha\c been 
noted in the latter animal, and the disease pursues most diverse courses in dif- 
ferent individuals. The nasal membrane is often affected, and there is a pro 
fuse and infectious catarrhal discharge. Cutaneous glanders is known bv 
veterinarians as farcy, the thickenings of the superficial Ijmphatics being 
termed "farcy buds" or “fare}' pipes." In all forms of glanders there is a tend 
ency to the production of nodules, which soften and pass over into ulcers. The 
glanders nodule has been considered bv some writers to be structurally similar 
to the nodule formed by the tubercle bacillus (p. 633) but most observers are 
agreed that the former is a degenerative rather than a prohfcrjtive formation, 
and that it is radically different from the tubercle. 

Experimental inoculation witli pure cultures has given positive results not 
only in the horse, in which the characteristic features of the disease arc repro- 
duced, but in guinea pigs, field mice and other small rodents 1 louse mice and 
white mice show a high hut not absolute resistance, in contrast* to the great 
susceptibility of field mice. The guinea pig responds tn inoculation in a tv pica! 
fashion, and has been utilized for differential diagnosis. Both in the natural 
and in the evpenmental infection the bacteria arc found chiefly in the nasal 
secretions and in the contents of the young nodules; in the older ulcers thev 
arc relatively few in number. The Mood, as a rule, contains glmderx Kicilli 
onlv in acute general infection 

» Miller rt of-- Jour. Rja. 19«. SS 127. 
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and to reproduce a similar result in a second monkey inoculated with blood from 
the first monkey after it had been htemolysed and filtered through a Seitz EK disc. 
The virus was grown in tissue culture, and still proved capable after ten generations 
of causing a monocytosis in monkeys. Mice inoculated intracerebrally proved insus- 
ceptible. Nettteship (1942) described the production of pearl-grey nodules with 
heavy monocytic cell infiltration in the chorio-allantoic membrane of chick embryos 
inoculated with Berkefeld filtrates of nasal washings or with whole blood of glandular 
fever patients. Wising (1942) failed to reproduce the disease in rabbits inoculated 
intravenously with heparinized blood of febrile patients, but had some success 
with monkeys. Of seven Macacus or Cercopilhecus monkeys inoculated intra- 
cerebrally, intraperitoneally, or subcutaneously with fresh lymph node suspensions 
from patients in the acute stage of the disease, three developed mild clinical 
symptoms with general enlargement of the lymph nodes, coming on after 8, 17 
and 19 days respectively. There was also a slight monocytosis. These changes 
were reproduced in fresfe monkeys by inoculation of excised lymph nodes ; 2, 3 
and 6 passages were made successfully with the three different strains. Histo- 
logical examination of the nodes revealed the typical irregular pleomorphic and 
large-celled hyperplasia seen in man. Of six human volunteers inoculated with 
heparinized blood or plasma from patients in the acute stage, five remained well. 
The sixth, who had received 250 ml. of blood, developed typical glandular fever 
18 days later. 

These results are by no means conclusive. It may be that, as Schultz (1930) 
and Horing (1933) think, glandular fever is a name covering two or three different 
diseases. One of these, probably the commonest type, may be caused by a virus ; 
another, probably much less common, may follow infection with Erysipehthrix 
monocytogenes. Further investigations, however, are required to establish this 
thesis. 


Laboratory diagnosis is made by cytological examination of the blood ana by 
the Paul-Bunnell test. Though there is usually a relative lymphocytosis, it is 
not the absolute nor the relative numbers of the lymphocytes that is characteristic 
so much as the special morphology of the cells. Blood changes may be present 
even on the first day of fever, but they do not usually reach their maximum till 
the end of the second week. They persist for weeks or months. The ability of 
the blood of glandular fever patients to agglutinate sheep red corpuscles was 
described by Paul and Bunnell (1932). Normal agglutinins, rarely exceeding a 
titre of 1/56, may be found in healthy persons (see Smcall 1942), and the heteropm c 
antibody content may rise after injection of horse serum. Observations by Sfcuar 
and his colleagues (1934), Bailey and Raffel (1935), Davidsohn (1937), Knstensen 
(1938), Barrett (1941), and Kilhara and Steigroan (1942) showed that the 
normal heterophile antibody can be absorbed completely from the serum y 
guinea-pig kidney, that that met with in serum disease can be absorbed by guinea 
pig^kidney and ox red "blood corpuscles, and that the heterophile anti ody 0 
glandular fever can be absorbed by ox corpuscle^ but nqt by guinea^pig ne XL— . 

The Paul-Bunnell test, particularly when confirmed by absorption, is u _ c , on 
siderable value in diagnosis. A titre of 1/80 or over is highly suggestive of in 
though some workers, such as Halcrow, Owen and Rodger (1943), wouk pu i 
low as 1 /32 The agglutinin content usually reaches its maximum in 2 to wee ' 
and then falls till after 3 months the titre has often sunk to below diagnostic ®' c 
Not all cases, however, give a positive reaction. Shafar and 41 eir (19 13), or examp 
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Pathogenicity for Man. Veterinarians and others having to do with 
the care of horses are the most liable to contact glanders. Freshly isolated cub 
tures are highly virulent, and a number of fatal infections have occurred among 
laboratory workers. The acute form of the malady is the more common in man, 
most cases terminating fatally within two or three weeks, sometimes within a 
few days of their inception. As in the horse, the mucous membrane of the 
nostrils, although not invariably affected, is a place of predilection for the 
glanders nodules and ulcers. Occasionally the chronic form may appear and 
linger for months or even years, with spreading ulceration and other features 
closely resembling those observed in the horse. Recovery from chronic glanders 
may take place, or the disease may pass into the acute stage. 4 

Path of Entrance. The avenue by which the glanders bacillus usually 
enters the body of the horse has not been clearly determined. The intact skin 
probably rarely, if ever, permits entrance, but a slight wound or injury offers 
a ready portal, as attested by experimentation. The mucous membrane of the 
nose, especially if slightly abraded, may become the porta) of entry, as may the 
intact conjunctiva, which can be infected by contact with infectious material 
jn two to four hours, sometimes in thirty minutes. Infection by inhalation must 
be rare, to judge from animal experiments, if, indeed, it ever occurs. According 
to Nocard, who made a special study of the mode of infection, penetration 
takes place by way of the alimentary tract in the great majority of cases. There 
is weighty experimental and other evidence in support of this view. 

In man the alimentary tract is certainly not the ordinary channel of en- 
trance; meat from glandcred animals has been ingested without resulting 
infection. Inhalation likewise hardly enters into consideration. Probably infec- 
tion through a scratch or other break in the skin is the usual origin of human 
cases. 

Diagnosis. In ptebactcdalogical days chronic glanders in the horse was 
frequently separated from other diseases only with difficulty and a consider- 
able measure of uncertainty. At present the diagnosis of glanders is greatly 
facilitated by (0 guinea pig inoculation, (2) the mallein test— -(<0 sub- 
cutaneous, (10 ophthalmic, (3) agglutination method, (4) the complement- 


fixation test. , .. 

1. Guinea Pig Inoculation. A male guinea pig is injected intraperitoneally 
with fragments of diseased tissue, scrapings from ulcers, or some of the nasa 
discharge from a suspected animal. A positive reaction is shown by the testicles 
becoming red and swollen, usually on the second or third day-—t»e trims 
reaction. Together with the orchitis (inflammation of the parenchj ma o nc 
testicle) there are severe general symptoms which usually culminate in twe ie 
to fifteen days. Grayish nodules are often found in the spleen and ot or interna 
organs. The test is not absolutely specific, for Kutscher and Nocard a\ e s on 
that an analogous orchitis may be produced by other organisms esi cs 
glanders bacillus. It is often, however, of value, especially when, or one 
or another, other tests are inapplicable. , , , 

Z The Mallein Test. Malkin is the concentrated glycerol broth m wn 
the glanders bacillus has grown, it is prepared in the same manner . 

* Glanders in man is reported only occasionally; sec Vatija and Chaitetjce 
Gar., 1943, 78-150, Hoive and Miller: Ann. Int. Med., 1947, 26 V5. 
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give rise to an irregularly remittent type of fever, sometimes accompanied by severe 
anaomia. The incubation period of the disease is usually about 20 days. In fatal 
cases death occurs as a rule in 3 to 4 weeks. In patients that recover, convalescence 
is established after about 5 or 6 weeks, but is often succeeded in a month’s time 
by an eruption of verruga. Second attacks of Oroya fever appear to be uncommon. 

Verruga peruana is a disease characterized by the appearance on any part of 
the body surface of vivid red wart-like eruptions. The disease follows a short 
time after an attack of Oroya fever, and lasts as a rule for 4 to 6 months. Second 
attacks may occur, and sometimes a latent infection persists after the subsidence 
of the skin lesions. The case fatality is very low. There is generally a moderate 
degree of anaomia, but the parasites in the blood arc too few to be seen micro- 
scopically, though they can often be revealed by culture. Bartonella can be 
readily cultivated from tbe local lesions, and can be seen microscopically in stained 
sections of the excised tissues. Pure cultures, or juice from the nodules, inocu- 
lated intradermally above the eyebrow of monkeys give rise after an incubation 
period of 9-20 days to a local verruga papule. Experimental infection is followed 
by immunity. In the monkey the spleen appears to play no part in the defence 
mechanism of the host, such as it does in the rat infected with Hannobartonclla muris. 

Both Oroya fever and verruga appear to be carried by sandflies, such as Phlebolo- 
mus noguchi and Phlebolomus verrucarum (Shannon 1929, Hertig 1937). In endemic 
areas latent infections in man appear to be not uncommon (Weinman and Pinker- 
ton 1937). The blood of patients suffering from the disease may contain agglutinins 
to Bartonella bacilliformis in a titre of 1/10 to 1/80 (Howe 1942). Organic arsenic 
compounds have no curative effect, but chloramphenicol is said to be of value 
(For further description see Noguchi 1926, Kikuth 1931, 1931, Pittaluga 1938, and 
a comprehensive review by Weinman 1944 ) 

Infectious Anaemia of rats, caused by Hamobarlonella muris, is a disease that 
is precipitated by splenectomy. Except for certain breeds, such as the Wistar 
strain, a large proportion of adult rats, both wild and tame, appear to suffer from 
a latent infection with this organism. In such animals removal of the spleen w 
followed, usually in 4 or 5 days, by general illness, emaciation, and a severe pro- 
gressive aiucmia Frequently hemoglobinuria develops and the animal dies, 
generally within 14 days. Recovery may, however, occur, but it is liable to be 
followed by relapses at irregular intervals. Examination of the blood during the 
acute Stage of tbe disease reveals a high proportion of red cells infected wit 
Hamobarlonella (Fig. 216, p 1028). The organisms have been cultivated success- 
fully on leptospiral and other media. In animals that recover they disappear rom 
the blood in 1-5 weeks. Splenectomy in young rats that have not yet become 
infected with Hamobarlonella is without effect, but if a pure culture or mfec e 
blood is injected into a splenectomized animal, then typical anaemia de\e ops- 
Inoculation of a non-infected non-splenectomized animal produces only a 011 
amentia. The disease can also be reproduced in young rabbits, guinea-pigs, an 
white mice by inoculation. . , ;] i . 

The part played by the spleen is decisive, though in what way it acts 
matter of conjecture. A quarter of the spleen left in situ is sufficient to p«> ® 
the animal against the disease (Perla and Marmorston-Gottesman 
and Marmorston-Gottesman (1932) prepared an aqueous lipid extract ot t ; e *P 
that neutralized the effect of splenectomy The same workers foun 
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of the benign nature of the winter vomiting disease and the high case fatality 
of the Jamaican sickness, this seems improbable. Zahorsky first experienced 
an epidemic at St. Louis in 1901. He observed it during many subsequent winters. 
The last outbreak he describes was at St. Louis in 1910, when fully 3,000 children 
were attacked during the first three weeks of February. A similar outbreak at 
Charleston, S.C., reported by Waring (1942), affected several thousand persons 
during February and March 1941. All ages arc attacked, but infants and young 
children seem to be specially susceptible. The incubation period is thought to 
be 2 to 7 days. TJic disease lias an abrupt nocturnal onset, but it may be preceded 
by abdominal pain or nausea for a day or two. The vomiting is violent, forcible, 
and often projectile. It lasts for a day or two, and may lead to a state of collapse. 
Soon after its commencement diarrhoea, accompanied sometimes by colicky pains, 
sets in. It is seldom profuse, though it may be so. The stools are thin, pale in 
colour, and very offensive. A temperature of 99°-100° F. is not uncommon. 
Children sometimes appear profoundly ill. They remain, without food, in a 
listless or 6cmi*comatosc state for 2 or 3 days. Death, however, is rare. A mild 
inflammation of the upper respiratory tract is often present. The leucocyte count 
tends to be raised. The clinical diagnosis is made on the presence of an epidemic, 
persistent vomiting, offensive light-coloured stools, the relatively afebrile course, 
and the abscnco of an acute respiratory infection or otitis media. The cause of 
the disease is unknown. Our own observations, like those of others, have failed 
to reveal tho presence of any known pathogenic organism. The practical absence 
of cells from the stools suggests that the disease is not primarily an enteritis, dot 
do epidemiological studies point to a food-borne infection. It seems more probable 
that infection occurs through the respiratory tract. Zahorsky (1940) distinguishes 
it from influenzal gastritis, since it may supervene explosively on an outbreak 
of this disease. 


INFECTIOUS CATARRH OF MICE 

Nelson (1937) described a disease of mice characterized by rhinitis, otitis media, 
and a terminal lobar pneumonia. Infection spreads readily by contact, progresses 
slowly, but ultimately proves fatal No nasal discharge is visible external/, 
but a copious semi-fluid white exudate can be withdrawn from the nostrils ) 
a capillary pipette. The disca.sc can be readily transmitted to normal mice ) 
instillation of exudate from the nose, ear or lung Microscopical examination o 
nasal or ear discharge reveals the presence of small Gram-negative coccobaci i 
form bodies, 0 3-0 4 fx in diameter, arranged singly, in pairs, or small groups, an 
predominantly extracellular The organisms cannot be cultivated on or mar/ 
media, but can be grown in tissue culture. Nasal instillation of pure cu 
reproduces the disease in mice The coccobacillifonn bodies are similar to us 
found by Nelson (1936) m fowl coryza (see below). What group of organisms 
coccobacilliform bodies in these two diseases belong to is doubtful There is so 
evidence that they are related to the group of pleuropneumonia-like 
(see Chapter 40), but further work will be required before this can be as ^ er e . 
confidence (see Edward 1947) Whether infections catarrh of mice is a Hed. to 
so-called mouse influenza described by Kairies and Schwa rtzer (Uo>) 11 
is not known 
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AUStr a^ The j erUm ° f ? 0n ? al horses agglutinates in dilutions of from 1:200 
to 1 : 300, ana the reaction is specific only when rather high dilutions (1 : 500 
to 1 . 3200) are used. The serum from sound animals, however, sometimes 
agglutinates the glanders bacillus in a dilution as high as 1 : 500. Occasionally 
the reaction fails to appear in the serum of glandered animals. The test is liable 
to the usual difficulties and source of error in the hands of an unskilled 
observer. 

4. The complement- fixation test is very accurate but demands special labora- 
tory facilities and is less easy to apply in a practical way than the ophthalmic 
test. 

Immunity and Prophylaxis. Permanent immunity to glanders can 
neither be conferred by an attack of the disease nor produced by an artificial 
means. Nocard fed with infectious matter three horses which had previously 
recovered from the disease, and found that these animals showed no resistance 
superior to that of a healthy control animal. Similarly, Lobel, Schaaf and 
Roza 5 were unable to produce an immunity in guinea pigs or horses by the 
inoculation of bile-attenuated avirulent bacilli. Chronic glanders may exist 
for years, and is in no wise a warranty against the sudden development of an 
acute attack. 

No very potent nor characteristic toxic substance has been obtained from 
cultures of the glanders bacillus, and attempts at immunization with the prod- 
ucts of this organism have been eminently unsuccessful. It is stated by a num- 
ber of observers that repeated injections of mallein will exercise a curative 
action upon certain forms of recent infection, but experimentally mallein is 
without immunizing power. The sera of animals treated with mallein injec- 
tions and the sera of naturally immune animals, such as cattle, arc, according 
to most observers, totally devoid of any preventive or curative value. The most 
that has been accomplished in the way of immunization is a very moderate 
augmentation of resistance in dogs injected with small non-fatal doses of living 
cultures. 

The experience of Great Britain shows that the disease may be practically 
eradicated by slaughtering every animal showing clinical signs of glanders 
or giving a positive mallein test, and properly disposing of the carcass,} 
this means the number of horses affected was cut down from 2012 in 9u 
to 2 in 1925. 


MALLEOMYCES WIIITMORI (MALLEOMYCES PSEUDOMALLEI) 
Melioidosis, a disease of rodents somewhat similar to glanders, is caused 
by Malleomyces whttntori, a microorganism which closely resemb cs e 
glanders bacillus. It has been observed in Rangoon, where it is t oug o 
primarily a disease of the wild rat and is occasionally coirimunica e o 
AI. whitmori differs from M. mallei in that it is actively moti e, 1 
gelatin and attacks carbohydrates more energetically. It grows 5 0ns ’ 
more rapidly and its colonies on glycerol agar develop a 'v'rin e ’ fP . a 
surface and are quite different in appearance from those o • .| )C 

ond colony type may be produced, however, which is ' C T _ 

8 Lobe], Schaaf and Roza. Nederland. Indische Blad Dicrgeneesk., 
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colonics of the glanders bacillus . 13 ill. whitmon is thought by some to be closeh 
related to Pseudomonas pjocyanea in many respects and strains ha\e been 
reported 7 which produce pyocyanin. 

The charatcristic lesion of the disease is a small caseous nodule which is 
found in man in almost any part of the body except the brain. The nodules 
may coalesce to form large areas of caseation in some cases and in others break 
down into abscesses. There is some reason to belies e that melioidosis in man is 
often traumatic in origin, cither the bacilli entering the injured tissues or the 
defense mechanism being broken down in part by the injury.* Transmission 
of the infection among guinea pigs by biting insects, mosquitos and fleas, has 
been reported . 11 Rodents usually die within a short time from septicemia, and 
the lesions appear as small nodules superficially resembling tubercles. Guinea 
pigs and rabbits arc highly susceptible to inoculation, ill. n’hitvwri also pro- 
duces the Straus reaction. 

fl See Finlasson South African Med Jour., 1944, 1S-] 13. 

1 Blanc, Delate and Martin 1 Ann. Inst. Pasteur., 1943, 69 65 
•Cf. Lc Monte, Masle and Nguscn Duc-Khoi* Bull. S<ic Med. ClnnirR Indnchinc, 
1937, 15 662. Toullcc and Huard ibid . 1937, IS 6 67, Sudibjo Gcncosl. Tijdvchr. \ 
Nedcrl.-Indic , 1938, 78 1424 (English summary). 

•Blanc and Baltazard. Ann Inst Pasteur, 1942, 6S 281. 
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Chapter 30 


CORYNEBACTERIUM (THE DIPHTHERIA BACILLUS) 1 


As a clinical entity diphtheria dates from the obsen’ations of B re tonneau in 
1826, The diphtheria bacillus was observed and described by Kiebs in 1883, 
but its etiological relation to the disease was suggested by the investigations of 
Lofflet the following year. Lofller isolated the bacillus observed by Kiebs m 
pure culture from a number of cases of diphtheria but expressly disclaimed the 
assumption * M ’ 

he found tt 

find it in all cases ot what were apparently clinical diphtheria. The significance 
of Lo filers findings is now clear, however, for it is known that other bacteria, 
such as streptococci, can produce a condition in the throat closely resembling 
diphtheria and that the diphtheria bacillus is not infrequently present in the 
throat of healthy carriers. Further investigations by other workers indicated 
that the fClcbs-Loffler bacillus was always present in the typical false mem- 
brane of diphtheria. In 1888 Roux and Yersin showed that this bacillus formed 
a soluble toxin which reproduced the characteristic symptoms and lesions of 
diphtheria and thus demonstrated its etiological relation to the disease. 

Morphology and Staining. The diphtheria bacillus is a slender rod rang- 
ing from 1 to 6 ft in length and 0.3 to 0.8 /* in breadth. The bacilli are highly 
pleomorphic, for, in addition to the straight or slightly curved rods, club- 
shaped and branching forms are not infrequently observed. The presence of 
the latter, which are a consequence of true branching, is indicative of the 
close relation of the diphtheria bacillus to some of the higher fungi, and it 
is classified with the actinomycetes rather than under the Eubacteriales or 
"true bacteria.” Upon completion oF cel) division a movement designated as 
snapping occurs, and the bacilli may remain attached but at sharp angles to 
one another. _ . f 

The diphtheria bacillus exhibits a marked tendency to stain irregular y. 
Some cells stain solidly, others take the stain more deeply in transverse ban i s 
to give a barred appearance, and in still others deeply staining metac toma ic 
or Babes-Emst granules are found. A single cell may contain from one to 
generally not more than five or six such metachromatic granules, they m ) 
be found at one or both ends of the cells, particularly those with swo en en , 
and when more than two are present the remainder are scattered wi m 

1 Diphtheria is considered in detail by Andrewes et ah _[!' ,a»a*«in /thy 

Pathology and Immunology, Medical ’ 

Forbes. Diphtheria, Past and Present; . 

vent ton, John Bale, Sons & Damelsso , ‘ _ 

Summary of Recent Literature, Bull. H)’g , 1943, 12:969. 
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RELAPSING FEVER 


of other spirochtetcs have been described associated with relapsing fever in other 
countries ; and, as these exhibit certain differences, particularly in their antigenic 
structure, their virulence to various laboratory animals and, perhaps most important 
of all, their specificity for their intermediate host— the louse or the tick— they 
have been regarded by some workers as separate species and named accordingly. 
Thus we have Trep. duttoni of Central Africa, Trep. novyi of North America, Trep. 
kochi of East Africa, Trep. carteri of India, Trep. persicum of Iran, Trep. usbeki • 
stanicum of Russian Turkestan, Trep. sogdianum of Palestine, Trep. htspanicum 
of Spain, Trep. venczuelense of South America, and n few more. The close associa- 
tion of strain-peculiarities with a particular species of insect is also proposed as a 
basis of classification in terms of tick-host (see Davis 1912) ; the association, 
however, is not absolute, because cross-infection of various tick species can occur 
(Johnstone 1942). Other workers, however, regard all these organisms as varieties 
of the same species. 

As seen by dark-ground illumination in tho blood of patients during a febrile 
paroxysm, they are actively motile spiral organisms, with a series of five to ten 
fairly regular but loose primary waves ; during rest their axis is generally straight, 
but when in motion they momentarily assume various curved and bizarre forms. 
Their length is variable, and differs with different species ; generally it is 10-20 ft. 
The spirals are 2-3 \x long, and about 1/rin amplitude. Division occurs by transverse 
fission ; during this process a constriction appears at the middle, and the two 
organisms draw apart, leaving a thin thread-like connection between them. After 
separation has occurred, this remnant of the periplast may often be seen attached 
to ono end ; by many workers it has been described as a flagellum. Under suitable 
conditions the organisms are extremely motile, darting rapidly across the field; 
but in ordinary wet blood films their motion is slower ; they move backwards and 
forwards over a distance of not more than two or three times their own length 
(Novy and Knapp 1906). Rotation occurs around the long axis. The numbers 
present in a blood film vary from case to case ; at the height of the first pyrexia! 
attack they are often numerous — several organisms to a field— but they may be 
relatively few and difficult to find. During the decline of tbc fever their numbers 
diminish, the organisms become less motile, and not infrequently they assume irr ^° u * 
lar shapes or accumulate in rosettes (see Fig. 218, p. 1038) ; these changes are regame 
as indicative of lysis or agglutination due to the action of antibodies developing 
in the host. After the subsidence of the fever they can no longer be found micro- 
scopically in the blood ; there is evidence, however, to suggest that a few organisms 
may persist in the blood, since inoculation of blood into animals during the apjrexia 
interval may give rise to infection. At the onset of the relapse they again become 
demonstrable microscopically in the blood, though not always in such large nuni era 
as in the first attack. During the interval between the pyrexial attacks^^® 
organisms remain latent in the tissues Experiments with mice and rats 
that the brain is one of the organs in which infection frequently persists (Heromm 
1928, Schuhardt and Hemphill 1946). _ _ .. 

The spirochtetes are best demonstrated by dark-ground illumination ; u 
may be stained by methylene blue, or preferably by Lcishman or Gicmsa, 
both of which they take on a bluish colour. If the blood films are ma e > n 
usual way and allowed to dry in air, the organisms undergo gross insto >® D 
present irregular and coiled forms ; if their natural form is to be preserve , 
should be wet-fixed. 
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Morphology ami Staining 

cell substance. This irregular staining is apparent with Lofflcr’s alkaline 
methylene blue or with toluidine blue, Neisser’s stain 2 is regarded by many 
workers as producing an c\en greater contrast between the hcauly and lightly 
staining portions of the celt substance. Morton and Francisco 3 ha\c shown 
that the metachromatic granules are more readily differentiated when the basic 
d)c is made up in an acid solution. 

In stained smears the appearance of diphtheria bacilli is highly character- 
istic. They may not be identified on morphological grounds alone, however, 
for many of the pscudodiphthcria bacilli or diphtheroids stain in the same irreg- 
ular fashion and are similarly pleomorphic. It was formerly thought that there 
was an association between morphological tjpc and \irulcnce At present, bow- 
er cr, little emphasis is placed upon morphology in this connection, though in a 


« 

« «• « 
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Tig 138. Colonics of Corynebacterium diphlheriae on blood agar. Note the smooth, raided 
translucent appearance and rdati'th small size X 2 

general way granular types seem to predominate in clinical diphtheria and 

.1 I*. Rw.ml.td .1 .. n,. *..,1 >1... 


Surface colonics on Loftier* serum medium or on agar are small and gras, 
when \iewed under low magnification the} are found to I»c coarsely granular 
and somewhat irregular in outline, with ragged or fringed edges. On differ 
ential media containing potassium tellurite, colonies of the diphtheria huiltus 
are dark gray or black because of reduction of the tellurite and readily differ 
entiated from those or contamin iting lucicrii. Tellurite reduction appirentlv 
occurs within the bacteria! cell . 4 It may lie notes! that altliough the c) waiter 
otic. morpho|ng\ of the diphtheria Kicillus i< app irent m staimd smears from 
colonies on I jolliers medium, smears fmm colonies on tc llitrite media are often 
not characteristic. 

* The lucdh air stained with an acid tnrtbslrne blue **4ut»>n fn!!<wn| !•% Hi'iuriL 
Imam 

* Mmt"0 a*v! | uBciifli *>tatn Tcditvl. 1912. I " 27. 

* \Uinn an ! Andcrw-n IW. S c. !\ r 11. 4 \|rd, 1941. 4f 272 
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and even to form small tangles. This was even more evident when blood from an 
immune animal was inoculated into an infected rat ; half an hour later the spirochetes 
were accumulated in tangled masses of 10 to 20 members, and showed end-to-end agglutin- 
ation ; 2 hour later they were agglutinated into perfect radiating rosettes, and 2°hours 
later they were very scarco and were mostly immobile. Blood serum from a rat, which 
had been hyperimmunized by a course of 2G injections of infective blood, had strong 
immobilizing and agglutinativo properties, even when diluted to 1/100. In rats that 
had recovered naturally from infection Pfeiffer's phenomenon could be produced in mo. 
Tntrapcntoncal injection of infective blood into such animals was followed by agglutina- 
tion and granular degeneration of the spirochcetes ; in 10 minutes no free spirochetes 
could bo found. The altered organisms were rapidly ingested by phagocytes. In hyper- 
immunized rats the spirocbjetes completely disappeared from the peritoneal cavity in 
2 minutes. In passively immunized rats the spirochretes were agglutinated into rosettes, 
but later theso broke up, and free organisms onco more became numerous ; the animals, 
however, did not contract infection. The course of antibody production in human beings 
seems to resemblo that in experimental animals (see Cunningham and Fraser 1035). 

From theso and other experiments, it would appear that during the course of 
the natural discaso immune bodies — chiefly agglutinins, spirochffiticidins and 
lysina — are developed which are sufficiently powerful to overcome the blood 
infection and lead to tho disappearance of the spirochaetcs from the circulation. 
These organisms remain latent in the brain and other tissues, and when the cir- 
culating antibodies have decreased, they once more enter the blood and give rise 
to a relapse. This stimulates the production of fresh antibodies, which again lead 
to the disappearance of spiroebaetes from the blood. After one or more relapses 
the active immunity developed by the host is sufficient to prevent further invasion 
of the blood by tho spirochmtcs, and an apparent cure results. Whether a true 
euro results, in the sense that the body is completely rid of spirochactes, is doubtful. 
Animal experiments suggest rather that, oven though tho organisms give no token 
of their presence, they may yet remain nlivo in the tissues for weeks or months. 
Immunity in relapsing fever appears to bo an infection-immunity ; this corresponds 
to a state of the host in which, together with a humoral immunity, there is a latent 
infection of the tissues, which is capable under certain conditions of breaking down 
the existing immunity (Hcronimus 1928). It is a state in which a working equili- 
brium is established between host and parasite, and like other equilibria is liabe 
to disturbance (sec Chapter 51). . 

There is a considerable amount of evidence to show that after the first attac 
the spirochaetcs in the tissues undergo an antigenic change which renders them in 
susceptible to the antibodies produced by the host against the original strain. 
This enables them to invade the blood a second time and give rise to a re apse. 
The production of antibodies to the so-called “ relapse ” or “ serum-fast s rain 
is followed by the disappearance of the organisms from the blood once more. 
further antigenic change may occur in the tissues enabling the organisms to w\ a 
the blood for a third time. As Schuhardt (1912) points out, in vitro sero °S 1C “ 
proofs of antigenic variation are more reliable than those depending on c * 08 ^ 
resistance tests m vivo, unless precautions are taken to prevent relapses, an 
fore further possible variation in the immunized test animal. Up to 9 distmguw 
able antigenic phases have been reported in a single tick-borne strain (Cunnin p a ^ 
et al. 1934) Tick-borne strains appear to have greater potentialities for vana 
than Jouse-borne strains. Successive variation with relapses occurs a er 
inoculation of a single spirochaete (Schuhardt and Wilkerson 1951). e 8 P 8 



608 Corynebaclerium (The Diphtheria Bacillus ) 

Physiology. The optimum growth temperature for the diphtheria had! 
lus is 34 to 36 C. and lit grows well at 37° C.; growth will take place over the 
range from 15 to 40 C. An alkaline reaction is required, pH 7.8 to 8.0, and 
tree access to air is essential, for growth under anaerobic conditions is sparse. 3 

in primary isolation the diphtheria bacillus is best cultivated on enriched 
media. Growth is rapid on LofQer’s seium medium (3 parts of beef or sheep 
scrum and 1 part of 1 per cent dextrose broth coagulated in slant form by 
inspjssation} and minute but visible colonics appear after twelve to twentj'- 
four hours’ incubation. In recent years a variety of differential and selective 
med/a have been introduced, all of which contain potassium tellurite. The 
better known of these are the chocolate agar-tellurite medium of Anderson 
and his co-workers. 6 which has been subject to minor modifications by a num- 
ber of other workers, such as Neill’s medium and Hoyle’s medium which are 



Fir. 139. The diphtheria bacillus, gravis strain, pure culture on blood agar- Methy- 
lene blue slam. iVote the bipolar staining and the ciuh-shaped farms. The hghtiy stainea 
cells with deeply stained areas are characteristic of gravis morphology. X 1200. 


used in England, and the various media developed by Clauberg, whose inspis- 
sated serum-glycerol-tellurttc medium has been widely tested. There is general 
agreement that the proportion of positive cultures is somewhat higher with 
the Clauberg medium than with LofUer's medium; whether the heated blood- 
tellurite media arc superior to Loffler $ medium is not clear. As indicate 
above, the characteristic morphology of the diphtheria bacillus is not always 
seen in smears from colonies on tellurite media and, therefore, m some 
laboratories both Loffier's medium and a differential tellurite medium are 
inoculated and the former used for microscopic examination if typica co onies 
appear on the differential medium - 

Enriched media are not, however, essential to the giowth or the ip 
bacillus, for this microorganism can be cultivated on ordinary nutrient an 

5 Strains of virulent diphtheria bacilli which grow more luxuriantly £^ rn . 

conditions than m the presence of air have, however, been reported w- 
ch Battenoi, e fmraunol., 1938, 21:256. D 

f - Anderson, Happold, McLeod and Thomson. Jour. Path Bact., I , 
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AVIAN SPIROCHETOSIS 


1-2 ml. of fresh whole blood, or of clot ground up in saline, should be injected 
intraperitoneally into a susceptible animal, either the mouse or the young white 
rat. Spirochetes may not become visible microscopically in the mouse’s blood for 
2 to 3 days, and sometimes for much longer. A drop or two of blood from the 
tail should be examined every day for at least a fortnight from the second dav 
onwards, if the animal does not die of the infection. 

Spirochsetes may sometimes be demonstrated by animal inoculation in the 
blood of patients for weeks after the primary attack. According to Chung (193S) 
the urine and prostatic fluid are sometimes infective. In making rodent surveys, 
the spleen, heart, or brain tissue should be ground up in saline and inoculated 
subcutaneously into white mice ; the blood is then examined daily for spirochsetes 
in the usual way. It is worth noting that the Wassermann reaction may he 
positive in relapsing fever ; and that, in louse-borne infection, the Weil-Fela te-t 
may be positive for Proteus OX K (Robinson 1942, Zarafonetis et al. 1916) 
A serological method of diagnosis, using spirochsetal suspensions made from saponin- 
lysed blood of heavily infected animals, is described by Stein (1944), and a comple- 
ment-fixation test, carried out with an antigen prepared from the allantoic fluid of 
infected chick embryos, by Wolstenbolme and Gear (1948). 

Prophylaxis and Treatment. 

Little can be done by the individual to protect himself against infection in 
an endemic area beyond avoiding lice or ticks. Inoculation of living cultures 
or sometimes of cultures killed by heating to 60° C. for 30 minutes, is sai 
give rise to the production of lysins. Persons so vaccinated may a PP“ K “ • 
resist infection with small doses of living spirochsetes (Aristowsky and Wains 
1929a, b). Like most spirochsetal diseases, relapsing fever is readily cu s 
by injection of salvarsan or neoarsphenamine. A single suitable dose oftens 
to cure the disease and prevent relapses (Wenyon 1926). However, just as „ 

fast ” variants may develop during the course of the disease, so * arse J^ cl ; 0[1 < 
strains may be encountered, which are little affected by salvarsan. ^ 
with such strains may be treated by sodium potassium bismuth tar ra e ^ 
1930). The serum of convalescent patients may be used therapeutica ft 
little experimental and clinical information available about this me 0 
ment is not encouraging (Adler and Ashbel 1937, Wolman 1944) 

The experimental disease m rodents can be cured by penicillin m 3 ^ ^ 

(see Lourie and Collier 1943) ; but spirochsetes latent in the brain *PP 
inaccessible to the drug (Schuhardt and O’Bryan 1944, 1945). Effecrti' 6 _ ^ 

of the disease in man with penicillin is reported by Taft ^and Pi ® 
Ingraham and Lapenta (1946), and with aureomycin by Peo (19o ) 

AVIAN SPIROCHETOSIS jfl 

In 1891 SakharoS described a disease of geese that appeared 
certain stations on the Transcaucasian railway, and resulted in a ° 

— 80 per cent. Examination of the blood revealed the presence ? n ^ ectc d goo^ 
closely resembling those of human relapsing fever. Clinically, t o 1 (i- 

went off its feed, remained apathetic in a sitting-down posture, nn ^ joints 
haustion after a week or more ; sometimes it developed diarr ^eart aC 

became affected. Post mortem , there was fatty degeneration o 
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fusion media. Growth is somewhat scanty on the former hut good on the fresh 
meat infusions. The intensive investigations of Mueller 7 have shed consider- 
able light on the growth requirements of these bacilli. Some strains, including 
the well-known Park 8, may be cultivated on synthetic solutions containing 
a number of amino acids together with small quantities of nicotinic acid, 
^-alanine or pantothenic acid, and pimchc acid. It has been suggested that 
pimclic acid is utilized by this bacterium for the synthesis of biotin since 
growth is stimulated by biotin in the absence of pimclic acid. Recently isolated 
strains also require oleic acid for development, especially if the inoculum is 
small. Nutritiv c requirements diiTcr somewhat from one strain to another and a 
general statement is not possible. 

The diphtheria bacillus does not liquefy gelatin or digest coagulated protein 
Indol is not formed 1 * and nitrates arc reduced to nitrites. All strains form acid 



Fir. NO. The diphtheria bacillus, intermeJiut strain, pure culture on blood agar. 
Mcthvlenc blue stain Note the irregular staining and barred appearance characteristic 
of ihrinternie.fMiivanct). X 1200. 


hut no gas from dextrose 3nd Icvulosc, and some strains ferment dextrin, 
glycogen, starch, galactose, maltose and gl)cen>l. There appear to be no well 
defined biochemical groups among these bacilli. The fermentation of dextrose 
is of some interest in that propionic acid is formed. Other products of the 
fermentation include lactic, acetic, formic and succinic adds and ethyl alcohol. 

In ordinary culture media the diphtheria bacillus may retain its vitality 
for relatively long periods of time. It will live six to eight weeks on agir, five 
to six months on hlond scrum, twelve to fifteen months on dextrose blond 
scrum, and as long as three months in particles of diphtheric membrane. 
Although virulence is ordinarily reduerd b> continued culture on laboratory 
medi i, some strains rrmain fully virulent, i r., toxigenic, on prolonged cuJtiv a 
tion. Uifiler recorded one instance in which virulence was maintained over 77 

* S'ummamrd hr Mueller- Jour. Baa., 19JS, 36 100. Iljrt. Rev., 1940. 4 97. 

•The lot wiih vulfuric acid ami j*<atuum nitrite puv 1«- pnitivr became rf the hit 
tnati >n *f im!4 Krtg acid. !>ut iv» oJ<«f it produced with Htf!»ch*» reagent, pthnahyl 
artud dm -aldehyde (Pndier CratralM f. Balt.. 10 JI, s7 254 ) 
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VINCENT'S ANGINA 


to be responsible ; in the old world Argas persicus is the tick that has been chiefly 
incriminated. Marchoux and SaUmbeni (1903) found that ticks might remain 
infective for 5 months after biting a diseased fowl. According to Hindle (2912) 
ticks may transmit the infection to their progeny, and these again to the next 
generation, without having had an infective feed in the meantime. 

The disease occurs in ducks and in turkeys (Hoffman and Jackson 1916, McNeil 
et al. 1949) as well as in fowls and geese. It is probable that the causative organ- 
ism is the same in each species ; its proper name therefore is Treponema anserinum 
(Weny on 1926). Those requiring further information on avian spirochrctosis are 
referred to the monograph of Knowles, Gupta, and Basu (1932) who, besides giving 
a bibliographical review of the subject, have made a number of observations 
themselves, particularly on the mechanism by which immunity develops 

Both penicillin and the organic arscnicals are reported to be therapeutically 
effective (sec McNeil et al. 1949). 

Blood Spirockcetoses ifl other Animals. 

Cattle suffer from a 6pirochtetosis caused by Treponema theileri ; infection is 
conveyed, at least in South Africa, by the tick Margaropus decoloratus. A similar 
disease in horses and in sheep, probably due to the same organism, Trep. theileri, has 
also been reported by Theiler in South Africa. Spirochaetes of the relapsing fever 
type have been observed in the blood of elephants, camels, antelopes, monkeys, 
and some other mammals (Weny on 1926). 


VINCENT’S ANGINA AND CERTAIN RELATED INFECTIONS 

There are certain necrotic and gangrenous infective processes in human beings, 
such as ulcero-membranous gingivitis, hospital gangrene, noma, foetid bronchitis, 
and gangrenous laryngitis, in which spirochaetes hove frequently been demonstrated. 
Of these, one of the chief is the so-called spirillum described by Vincent (1896, 
1899), now known as Treponema vincenti (see Chapter 38). It is not clear whether 
Vincents spirillum is responsible for the necrotic lesions in which it is fwfflsb 
or whether it is a mere secondary invader. The fact that it is often present in 
scrapings of the gingivo-dcntal fold in apparently healthy mouths has led many 
observers to doubt its setiological role in the inflammatory diseases just mentione 
Black (1938), for example, found Vincent’s spirillum in 60 per cent, of^hi^jj 
under 12 years of age, fusiform bacilli in 94 per cent., and both together in 18-6 
per cent, according to age. He regards these organisms as members of the nor ®^ 
flora of the mouth, which multiply when conditions are favourable, but w c 
are without pathogenic action. Recent work (see p. 2127) lias shown that some 
of the gingivo-stomatitis of children is a primary herpetic infection ; but t ere 
is nevertheless a group of diseases characterized by ulceration of the gums an 
throat, in which no virus has so far been demonstrated, but in which Vmcen 
spirilla are abundant. The organisms are often found associated with a c ar 
acteristic fusiform bacillus, likewise described by Vincent (1896, see Chap er • 
It has been suggested (Tunnicliff 1906) that Trep. vincenti and the fusiform ac * 
represent two phases of the same organism ; but the balance of evidence is c ni ^ 
against this view. Since we know that strict anaerobes arc unable to j. 
healthy tissue, the finding of large numbers of spirochmtes and fusiform a 
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transfers covering a period of twenty-seven months. The bacilli are unusually 
susceptible to heat; a suspension or broth culture is Ju'lled by holding at 58° C. 
for ten minutes. In diphtheric membrane they are considerably more resistant * 

Toxin. With the possible exception of the Shiga dysentery bacillus, the 
diphtheria bacillus is the only aerobic bacterium that produces a powerful 
exotoxin comparable to those formed by the sporulating anaerobes. Filtrates 
from broth cultures are not so toxic as those of the tetanus and botuh'nus 
bacilli; exceptionally potent filtrates may contain as much as 1000 guinea-pig 
MLD's per milliliter. It may be noted that in regard to the diphtheria bacillus 
virulence and toxigenirity are synonymous. The virulence test , the inocula- 
tion of guinea pigs with broth culture of the bacillus, is, then, a test of the 
ability of the bacilli to form toxin. 

The production of toxin by the diphtheria bacillus is markedly influenced 
by environmental and nutritive conditions; even strongly toxigenic strains may 
produce little or no toxin under unfavorable conditions. A slightly alkaline 
reaction, pH 7.8 to 8.0, is essential, for an acid reaction strongly exhibits toxin 
formation. Free access to air is also necessary, and for the production of toxin 
the bacilli are cultivated in thin layers of beef infusion broth. Maximum 
amounts of toxin are found after seven to ten days’ incubation at 36° to 37° C. 

An infusion medium, beef infusion, containing adequate amounts of pep- 
tone (2 per cent) has long been regarded as essential to the production of 
maximum amounts of toxin. The marketed brands of peptone are variable in 
this respect, some being much better for the production of toxin than others. 
The presence of protein or large peptone molecules is not essential to toxin 
formation, however, and potent toxins may be produced in chemically defined 
media containing appropriate amino acids and other compounds. The critical 
factor is not the quality of peptone or other source of nitrogen, as once thought, 
but the concentration of iron m the medium. Pappenhcimer and Johnson 9 
found that maximum toxin production occurs only over a narrow range of iron 
concentration, the optimum being 0.14 yg./m h, and 5.0 fig./ml. almost com- 
pletely inhibits its formation. Calcium, sodium and potassium also affect toxin 
production but the concentrations are nor so critical. Mueller 1 " has suggesfe 
that the small amount of toxin produced in the presence of large amounts o 
iron represents norma! production while the increased production under con- 
ditions of iron starvation is possibly the result of a compensatory mec 
in which the toxin molecule takes part in some process ordinarily cata yz 
by an iron-containing enzyme. Pappenheimcr has reported 11 that four mo s o 
porphyrin and one mol of toxin disappear from the filtrate for every our mo 
of iron added to the culture medium, suggesting that the toxin is t e V T ° 
moiety of an iron porphyrin respiratory enzyme of the diphtheria act • 
However this may be, potent diphtheria toxin is formed in a tepr uci e s 
synthetic medium containing hydrolyzed casein, nicotinic and pimeic » 
cystine, maltose, calcium and iron that gives better ano more consis en 
production than the complex infusion media. 1- 

0 Pappenbeuner and Johnson. Brit. Jour. Exp Path., 1936, 1 / .335. 

1C ’ Mueller Jour- Immunol., 1941, 42;343. 

11 Pappenheimer. Jour. Biol. Chem., f947, 167:251 . 

12 Mueller and Miller Jour Immunol., 1941, 40 21. 
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The properties of the diphtheria toxin arc similar to those of the other 
soluble toxins which hate been discussed elsewhere (p. 202) and need not 
be considered at length here. Suffice it to saj that the io\m is unstable to slight 
acidities, i.e„ a pH of 6 or less, is heat-labile and apparently protein in nature. 
The production of toxin in synthetic nutrient solutions containing insignificant 
amounts of high molecular weight substances allows its separation in a rcla- 

of purity 

■ ■ ■ ' from such 

vith diph- 

UiUiiJ lu.xm. lue guiucj-pig ivIcD cm uiis Jiuicu.ii is auoui imaji mg. 

Diphtheria toxin is an excellent antigen and gives rise to high titer anti- 
toxic sera The standardization of diphtheria toxin and antitoxin is discussed 
elsewhere (p 288). It has been noted from time to time that v anous substances, 
including bile, ascorbic acid (vitamin C), sterols such as lanolin, cholesterol 
and the like, will neutralize diphtheria toxin. The significance of such obser- 
vations is not entirely clear. Generally relatively large amounts are required 
to neutralize small quantities of toxin. One or two attempts have been made 
to utilize ascorbic acid in the treatment of clinical diphtheria but without 
significant results. 

It may be noted that there is great variation from strain to strain of diph- 
theria bacilli in the ability to produce toxin, ranging from the highly toxigenic 
strains to relatively or completely atoxigcnic ones. The w cli known Park iVo 8 
strain is one of the good toxin producers and has been widely used for this 
purpose. It has been observed by some workers that pure cultures of toxigenic 
strains will, at times, give rise to weaker toxin producers or completely atoxi- 
genic varieties 

Variation. As in other groups of bacteria, smooth and rough variants 
of the diphtheria bacillus have been observed and the type of colony formation 
has been found to lx? conflated with morphology and virulence; the S variant 
is the more v irulcnt and the form commonly found in acute eases of diphtheria. 
Morphological and biochemical variation observed in the diphtheria bacilli 
has been critically reviewed by Morton. 11 As a consequence of its plco- 
morphism and tendency to branching and the like, the diphtheria bacillus has 
ix?cn thought hv some to undergo the cvclic transformations of a complex life 
cvclc including the production of gonidial and filterable forms. This concept 
is not generally accepted It lias also Ixx-n suggested that some of the diph- 
theroid bacilli arc diphtheria bacilli which have lost their ability to form toxin 

Tv pen. Morphological types of the diphtheria liacillus were described 
hv Anderson and others 1 ’ in England in 1931 and since have Ixxn found in 
various parts of the world. These were of very considerable interest when first 
olrsoncd for there appeared to lx? an association, especially in England. Ixr- 
ivvtvn the type and the degree of severity in the clinical manifestations of the 
disease. Those designated as the grm is and intcnncJiut types were found in 
severe cases of diphtheria, and the truth type in the milder cases. ’Hie avvnd.i 

” pjppcnliriiwr Jour Ili'J Gicm.. 1937, J20 4S3. *er »lv> Linssc**! Bril. Jour, Hvp. 
Pith.. 1941.22 255 

'«M(«tun B*ct. Itrs« 1940.4 177. 

’•See the turoprelirmne mic'* In Mclx»*l l*Jn. Itrv, |94t. 7 1. 
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type of syphilis Except in congenital syphilis, in which the disease is generalized 
from the start, infection is usually rendered evident by the development of a 
primary lesion or chancre. This appears within a month of infection, and is 
accompanied by enlargement of the focal lymphatic nodes. From 6 to 12 weeks 
after the appearance of the primary chancre, the secondary stage of the disease 
sets in ; this is marked by constitutional symptoms, cutaneous lesions, enlarge- 
ment of the lymph nodes, and often affections of the bones, joints, eyes, and other 
organs. The secondary passes over insensibly into the tertiary stage, which may 
persist for years ; this is characterized by the development of ulcerating necrotic 
lesions of the skin and mucous membranes and by gummata of the internal organs. 
Years after the contraction of the disease disorders of the nervous system may 
appear, such as tabes dorsalis and general paralysis ; these are sometimes referred 
to as quaternary or parasyphilitic affections. 

Up to the commencement of the secondary stage, syphilis is clinically a localized 
disease ; bacteriologically, however, it appears probable that infection becomes 
generalized soon after infection. Kolle and Evers (19266) infected rabbits by 
cutaneous or subcutaneous inoculation into the scrotum with syphilitic material, 
removed the inguinal nodes after varying periods, and injected these into fresh 
animals. By this means they found that the nodes were infective within 30 
minutes of the scrotal inoculation. Working with guinea-pigs, they were able to 
show that some of the spirochsctes reached the focal nodes within 5 minutes of 
cutaneous inoculation of the scrotum In apes the time elapsing between infection 
and invasion of the nodes is probably longer ; MetchnikofT and Roux (1903), for 
example, found that chimpanzees anointed locally with calomel ointment, 1 to 
2 hours after cutaneous inoculation, never developed syphilis. Taking this experi- 
mental evidence in conjunction with the fact that local disinfective measures in 
human beings arc comparatively valueless unless practised within an hour or two 
after exposure to infection, we may conclude that the spirochsetes rapidly invade 
the tissues, even though they give no clinical sign of their presence. Invasion by 
only a few organisms may be sufficient to establish infection. In the rabbit, 
Magnusou, Eagle and Fleischman (1948) infected 50 per cent, of rabbits receiving 
as few as four spirochsetes intracutaneously ; intratesticularly an average of one 
spirochmte was regularly infective. During the primary stage of the disease, 
spirochmtes are found m the local chancre, and can sometimes be demonstrated in 
the blood. Thus, Uhlenhuth and Mulzer (1913) drew off the blood of patients 
with primary and secondary syphilis, defibrinated it, and injected it into the 
testicles and scrotum of rabbits ; the whole operation was completed wit m 
10 minutes Syphilis developed in 67 per cent, of the animals inoculated from 
patients with primary, and in 70 per cent, of those inoculated from patients wit . 
secondary syphilis. Spirochrctes are present in all the secondary lesions, and maj 
be excreted in the semen (Uhlenhuth and Mulzer 1913). In the tertiary lemons 
such as gummata they are demonstrable, but only in small numbers ; their ' ,ru 
Ience, however, appears to be maintained. Noguchi and Moore (1913) f° u ” ( * 
in the brain of patients dying of general paralysis , they were teen in all t e a)c 
of the cortex with the exception of the outer or neuroglial layer. In congeni ^ 
syphilis spiroehietes are distributed in large numbers throughout the viscera. P® 
ticularly the liver, lungs, spleen, and suprarenals. Both in congenital nin nc< l" ,p ^ 
syphilis the organisms may remain latent for long periods of time without <? 
rise to any clinical manifestations of di«ca«<e. 



612 Coryncbacterium ( The Diphtheria Bacillus ) 

"on ,' vas Ie f c ' e “ ° n * e Continent, and there appeared to be little or no 
relation m the United States, tvhere the mills type occurs much more frequently 
and perhaps only 1 per cent of the strains are of the gravis type. The toxins 
produced by the three types are equally neutralizable by the ordinary ami- 
toxic sera, but the mttis strains produce toxin' somewhat more actively in vitro 
than the gravis and intermedins types. The three types also appear to be 
equally virulent for the guinea pig. By now it is more or less generally agreed 
that the differentiation of these types is not significantly related to clinical 
severity, but has been useful from an epidemiological point of view. 

These types may be differentiated by their colonial form on tellurite media 
The gravis type produces irregular striated colonies predominantly gray in 
color; the mitts type, small, round, smooth, convex colonies predominantly 



Fig. 141. The varieties of the diphtheria bacillus on chocolate-tellurite agar. Left, 
mitts type; note the characteristic raised, small black colony. Center, intcrntctlius t)pc; 
the lighter color, beginning radial striation and small size are apparent. Right, grant 
type, the gray color, larger size, raised center and radial striation arc evident. 


black in color and softer in consistency; and the colonial form of the inter- 
viedius type lies between these. Colonial differences are also apparent on 
certain other media, such as trypsin-serum agar and a potato ex tract-cys tine- 
water blue-glycerol medium devised by Clauberg. On fresh blood agar the 
mitis type is usually hemolytic, the intermedins type non-hemolytic, and the 
gravis type usually non-hemolytic. A further distinction is the fermentation o 
glycogen and starch by the gravis type; but other biochemical tests do not 1 1 
ferentiate these types. i ! • f 

There is some association between colonial type and the morphoog) a 
the bacillary forms. Those of the gravis type show one or two deep > 
ing areas, the remainder of the cell staining very lightly; mctac iroma i f 
granules are seldom observed. Bacilli of the mitis variety stain inegu . 
and contain very many well-developed metachromatic granules. 1C 1,1 
merlins forms exhibit the familiar banred appearance. While some P cr £ 
of the intermedins variety conform to this morphology, only 50 to P?* 
of the gravis strains arc typical, the remainder resembling the mitn an 
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(Kollo and Schlossbergcr 1028), and can bo transmitted, without producing symptoms, 
through a series of mice (see Lcvaditi et al. 1948). There is evidence that the organisms 
actually multiply in the tissues of the mouse ; thus for G to 8 weeks after infection the 
organs frequently prove negative, but after that time, nnd apparently for the remainder 
of the mouse’s life, they are positive. In spite of this development in the tissues, the 
organisms never give rise to symptoms of disease. It should be noted, however, that 
the expectation of life of the mouse appears to be decreased by infection (Rosahn 1952). 

The co-existence of symptom immunity and spiroclimtes in the tissues, capable 
of producing syphilis when transferred to normal animals, is undoubted. The 
existence of immunity in a spirochsetc-free animal is harder to establish, because 
only small portions of rabbit tissue, such as a lymph node, can be tested for in- 
fective spirochretes, if the animal is to survive for subsequent tests of immunity; 
and a negative lymph node is no certain proof of uninfected tissue elsewhere in 
the body. 

Tests with animals apparently cleared of their first infection by chemotherapy 
suggest that an immunity develops, which may be a partial symptom immunity, 
Or complete in that when spirochaites arc inoculated, they do not survive in the 
tissues. 


Brown and Pearco (1921) treated rabbits with arsphenamine shortly after the develop- 
ment of the primary chancre, and 5 days later reinoculated them with the same strain 
as was originally used. Nearly all the treated animals developed chancres, whereas the 
untreated controls did not. This indicates that animals treated in the early stage of 
the disease can bo rendered fully susceptible again. Chesney and Kemp (1925) obtained 
evidence suggesting that if treatment was begun early the animals almost always became 
susceptible to a second infection, whereas if it was begun late they generally proved 
refractory to a second infection. Further experiments (Chesney and Kemp 1926, Chesney, 
Halley, and Kemp 1927), however, seemed to show that the immunity to reinfection of 
rabbits treated late in tho disease was not as complete as was originally supposed. Kolle 
and Prigge (1927) treated their rabbits with neosalvarsan in the late stage of the disease 
— 1 76 to 250 days after infection. Reinfection gavo riso to no symptoms, but inoculation 
experiments showed that tho spirochactes had gained access to the tissues; iu non- 
reinfected controls the tissues proved sterile. v This indicates that animals treated ® 
the late stage of the disease, and cured of infection, remain clinically immune 5 * ey 
develop no symptoms of disease on reinfection, but they are not sufficiently rcsis an 
to prevent tho organisms from gaining access to the tissues. Uhlcnhuth and Grossmann 
(1928) treated their rabbits with neosalvarsan in the late stage of the disease—! ° 
600 days after infection. Reinfection with the homologous strain performed 3 
months after treatment gave rise to no symptoms ; and in only 4 out of 11 rabbits we^ 
spirochcetes demonstrated in tho tissues. This indicates that a certain proportion,^ 
rabbits treated in the late stage of the diseaso rema 
resistant to fresh infection. (See also Breinl 1935.) 


Grossmann (1933) contend that tins immunity is t • 

(1927, 1929, 1934) that it is a symptom immunity. Similar results were obtained y 
recent workers, using penicillin to produce a rapid termination of the immunizing i e 
A proportion of rabbits so tested developed a complete or a symptom immunity as ^ 
result of a 3-weeks’ infection ; 12-14 weeks’ infection conferred maximum irnmuiu ^ 
reinoculation (Magnuson and Rosenau 1948, Magnuson et al. 1950). The °L -' ^. gn 

rabbits with solid immunity was greater after a 10-weeks’ than after a 6-wee 's i e 
(Arnold et al. 1950a) ; and latent infection of 8-months’ duration conferred an imm 
lasting G-28 months (Arnold et al. 19506 ; see also McLeod and Arnold 1951). , genCe 

In all the foregoing experiments the criterion of complete immunity w as usua y 
of spiroehsetes in excised lymph nodes. In some cases we may note, however, 
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meiltus forms. Furthermore, 5 to 20 per cent of the mitis strains show barred 
forms. 

Serological investigation has shown that while these three types are anti- 
genically distinct from one another, the tjpes arc not necessarily homogeneous. 
The mifis strains arc heterogeneous, the gravis strains fall for the most part 
into two types, and the tntermcihus strains are relatively homogeneous, some 
strains showing relationship to the gravis types. 

Not all strains showing the morphological and biochemical characteristics 
of these types arc virulent, i c., toxigenic, diphtheria bacilli. Since the diph- 
theria bacillus is differentiated on the basis of the formation of immune- 
logically specific toxin, it is apparent that vutis, gravis and intermedins types 
of diphtheroid bacilli occur. In the series studied by Frobisher, ,c for example, 
only 10 per cent of the strains typed as gravis were toxigenic. Furthermore, a 
certain proportion of toxigenic strains cannot be allocated into one or another 
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of these types. The proportion of indeterminate strains is said to he higher 
when diphtheria is mild. Anderson ct al.° found about 5 per cent of their 
strains (Hritish) were not typablc and 44 per cent of the strains found by 
Scligmann 11 in New York Cuj in 1940 were indeterminate. 

Pntlingenirit} for Mnn. Diphtheria is pnmirils a disease of childhood 
and the age incidence is an expression of waning passive immunits of milrrnal 
origin and the development of an actite immunity on the one hand, ami the 
risk of exposure on the other The scry voting child is pissnclv piuteeted and 
not exposed to great risk of infection, hut b> school age the immunity Ins 
disappeared in large part and risk of exposure to infection is tremendomh 
increased svitli entrance into school. The adolescent and adult hate acquitrd 
an acme immunits as a consequence of clinical or, more common!) . inapparent 
** Froltsfcct. Ame? Jour. I*ub Health., 1942.32 709. 

> f Sr!irn*nn Ararr. J^-ur. I lj k , See. B, 1941, 34 125. 
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The antibody responsible for complement fixation or flocculation with Wassermann 
antigen {see below) has little relation to immunity. It does not react with intact apiro- 
cluetes ; and its titre is liigh in the early stages of infection, when there is little immunity, 
and may be low or absent in immune animals. , 


Diagnosis. 

In the primary stage of the disease, Trep. pallidum may be demonstrated in the 
chancre. 


The superficial part of the lesion should be cleansed by gentle swabbing with saline, 
and exudate should be drawn from the base of the chancre for examination ; this may 
conveniently be obtained by applying a small suction-cup with the usual rubber-ball 
attachment. The serous exudate should be examined under dark-ground illumination. 
The morphology of Trep . pallidum, is described on p. 1040. The eye-piece micrometer 
devised by Barnard (1923), with which an approximate measurement of the spirals can be 
made with ease and rapidity, forms a most useful aid in the identification of this organism. 
In exudate stored in sealed capillary tubes at 37° C. the spirochmtes are said to remain 
motile for 1-2 weeks (Lumsdcn 1947). (For examples of stains for demonstrating the 
spirocluetes, see Goldsworthy and Ward 1942, Campbell and Rosahn 1950.) 


\ 


/ 




It cannot be too strongly emphasized that the identification of Trep. pallidum 
in a primary chancro requires the expert knowledge which comes only with long 
experience. It depends on the recognition of fine differences in morphology, without 

the assistance of characteristic 
• differences in staining reaction, or 

of confirmatory tests on pure cul- 
tures. It is fortunate that the 
primary penile chancre provides 
the large majority of cases which 
the bacteriologist is called on to 
examine, since the spirochaetal 
flora in such lesions is usually not 
copious, and consists mainly o 
species, such as Trep. refringens, 
which are readily distinguished 
from Trep. pallidum Chancres 
in other situations, such as the lip, 
or primary genital chancres in t e 
female, are far more likely to show 
a complex spirochcetal flora, in- 
cluding species closely resembling 

Trep. pallidum ; and, in such cases. 

the greatest caution should be 
observed in basing a diagnosis © 
syphilis on a microscopical examination alone. It happens that a penile c * ia ° C . n 
usually leads to a suspicion of syphilis at an earlier stage than a genital c “ a ° c *- onS 
the female, or an extra -genital chancre in either sex ; so that the latter cs 
tend to be overlooked in the early stages, and, by the time they have a ra 
attention, the infection has usually reached the stage at which the Wasser ^ ^ 
reaction is positive, thus providing a most ^valuable check on the resu o 
direct microscopical examination. 


Fia. 297 — Treponema pallidum. 

In material scraped from a hard chancre. Fontana 
(X 1000). 
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infection. Thus clinical diphtheria is most common in the five to fourteen age 
group though the carrier state and inapparent infection are probably no more 
so than m the higher age groups. Though diphtheria is in large part prevent' 
able by artificial immunization, particularly of the preschool child, it con' 
tmues to be an important disease and 17,612 cases with 1494 deathsjvere 
reported in the United States in 1945. 

Diphtheria in man is usually a local infection of the mucous surfaces. The 
pharynx is most commonly affected, but infection of the larynx, or mem- 
branous croup, and nasal diphtheria, or membranous rhinitis, are not infre- 
quently observed. Diphtheritic infections of the conjunctiva and of the middle 
car are less common and cutaneous or wound diphtheria is only occasionally 
ohservecL The last, however, may assume considerable proportions under cer- 
tain circumstances, Ulcerative diphtheria of the skin, sometimes called desert 
sore or tropica] ulcer, has been observed in epidemic form in Haifa, 18 and 
ulcers of the deep, punched out type occurred with some frequency in troops 
living under combat conditions in the south and central Pacific areas during 
World War II. 1 ® Infection of the mucous surfaces of the genital organs is occa- 
sionally found. The invasion of other localities is rare; primary infection of the 
lungs and diphtheritic meningitis have been observed, and infection of the 
umbilicus in the new-born has been reported. 

It has long been known that diphtheria bacilli arc not often found in the 
internal organs, but the frequency with which such infection occurs is not 
definitely known. Diphtheria bacillus septicemia is occasionally observed, 20 
however, and it is of interest to note here that a few cases of acute vegetative 
endocarditis caused by the diphtheria bacillus have been reported. 21 

The symptoms and lesions produced are due partly to the presence of the 
bacillus and partly to its toxin. The chief local consequence of infection is a 
degeneration of the epithelial cells, extending to the underlying tissues and 
accompanied by a profuse fibrinous exudation, and the characteristic diphthe- 
ritic membrane, containing fibrin, dead tissue cells, leucocytes and bacteria, 
is formed on the affected surface. The mechanical interference of the mem- 
brane with breathing may assume significant proportions and even necessitate 
intubation or tracheotomy. _ . 

Although diphtheria toxin undoubtedly plays a part in the formation o 
the membrane, its systemic effects following absorption are by far the most 
important, and diphtheria is, like tetanus, essentially a toxemia The organs 
most severely affected are the kidneys, heart and nerves. A variety of lesions 
may be found m the kidneys , an acute interstitial nephritis being the mos 
common. The lesions in the heart consist commonly of a fatty degeneration in 
the muscle fibers, which may be very extensive. Fatty degeneration also occu 
both in the myelin sheath of the peripheral nerves and in the white matter o 
the brain and cord. These changes m muscle and nerve account for the sen 
cardiac weakness often observed in diphtheria and the frequentoccoHr ^ 
of the more or less extensive paralysis rvhich so commonly follows an a 


“ GiU . Arch. Dermat. Syph., 1945, SJ.-24} 2 55. 

8 Liebow, MacLean, Bums read and Welt Arch Int Mea, 19 * 

:o The literature is reviewed hy Kaschel: Zt^chr f Kinderheuk . 19 , 


1 Cf. Buddmch and Anderson. Arch. Jnt hied , 1937, 59. 597. 
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observed correlation with clinical findings, for which there is, as yet, no satisfactory 
explanation. The methods of performing the test arc legion (see Reports 1918a, 
1924, 1929, 1934, Cumming et al. 1935, A r ogelsang 1940, Osmond 19 1C, Price 1950) 
and many modifications have been suggested to increase its reliability and sen- 
sitivity (see Osier and Strauss 1952). The principles are, however, in no way 
different from those outlined in Chapter 7, in connection with complement fixation 
in general. 

Three reagents are concerned in the reaction — antigen, patient’s serum, and comple- 
ment. When these have been allowed to react for a suitable period — I hour at 37° C , 
or overnight in the ice-box — sensitized red cells are added, and the mixtures are incu- 
bated for 1 hour at 37° C. to determine the presence or absence of haemolysis, indicating 
the presence or absence of unabsorbed complement. To establish a positive reaction 
it must be shown (a) that the patient’s serum alone absorbs no complement, or at most 
a small fraction of that present in the test mixture ; (6) that the same is true of the 
antigen ; and (c) that the mixture of serum and antigen absorbs an amount of comple- 
ment greatly in excess of tho sum of the small amounts absorbed by each of these 
reagents separately. Thus tho essential tubes in carrying out a Wassermann reaction 
are (1) the antigen control, (2) the serum control, and (3) the test proper. The first 
control will servo for the whole scries of tests carried out on any one day, the second 
must be put up for each serum tested. It is, however, obviously desirablo to obtain 
a more accurate measure of the strength of the reaction than is possible by such a 
simple method as this ; and most of the methods in actual use are designed to yield 
a roughly quantitative result, which will enable the reactions to be graded into strongly 
positive, positive, weakly positive, doubtful, and negative. 

There are three variables concerned in tho reaction — antigen, serum, and complement ; 
clearly, we may obtain quantitative results by holding any two of these constant, and 
varying the third. The antigen is usually kept constant, and the complement or serum 
varied. A commonly employed method of complement titration is to allow the serum- 
antigen mixtures to react w ith 3 and 5, or with 2, 4, 6 and 8 M.H.D. of complement. T e 
serum and antigen controls are put up with the smallest amount of complement emploj 
in the test. In this way we grade the strength of a reacting serum in terms of the amoun 
of complement which is fixed in the presence of a constant amount of serum and antigen. 

An alternative method, advocated by several workers, is to hold antigen and^comp 0 
ment constant, and vary tho amount of patient’s serum, testing it in progressive 
tions of, Bay, 1/2-5, 1/5, 1/10, 1/20, 1/40, though it is not usual to employ 
than three dilutions. This method has the advantage of giving a direct measure 
concentration of the Wassermann-antibody in the serum under test. The serum co 
is, of course, put up with tho largest amount of serum employed in the ac 

In both cases it is necessary first to determine the minimal haemolytic dose of C0,,I P^ 
ment. For example, duplicate titration series of fresh guinea-pig serum are set U P» 
with added antigen, the other with saline After one hour at 37° C., red cels sensi ^ 
with at least 5 M.H.D of a haemolytic serum are added to each of the tubes, nine are ^ 
for one hour at 37° C. The volume of liquid in each tube is adjusted at all stages ^ 
respond with those employed in the test proper. In this way we determine no on^ ^ 
M.H.D. of complement, but we detect any’ excessive anticomplementaiy ac lon 
antigen. In the test itself it is usual to employ 3 M H-D. of complement, i t ,1S ^ ocl( j 
to be held constant. The use of dried complement, or of complement preserve 
saline (Richardson 1941), adds considerably to the convenience of the tes . 

Precipitation Reactions, including the Kahn Test.— From our knowledge oft^ 
antigen-antibody reactions in general, we should expect that any reac i 
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of the disease. It is probable that a small amount of toxin can cause extensive 
damage in these tissues. 

Pathogenicity for Lower Animals. Diphtheria is not a natural disease 
of lower animals. There is a popular belief that cats may become infected and 
disseminate the bacilli, but this is not true. Both the local and general svmp- 
toms of human diphtheria in man can, however, be reproduced by animal 
inoculation. Inoculations upon the healthy mucous membrane of most adult 
animals lead to no changes, but if >oung animals be injected intratracheallv, 
or if the mucous surface be injured before inoculation, a characteristic false 
membrane is produced which is histologically identical with that found in man. 

The subcutaneous inoculation of a guinea pig with a sufficient amount of a 
joung broth culture or toxic filtrate will produce death in one to four days, the 
time depending upon the size of the inoculum. The animal becomes obviously 
ill twelve to eighteen hours after inoculation, and nephritic svmptoms, para- 
lytic manifestations and other characteristics of human diphtheria arc often 
observed. Postmortem findings include an edema and possibly necrosis at the 
site of inoculation, congestion of the regional Ijmphatics and abdominal 
viscera, a pleural exudate and, characteristic of diphtheritic toxemia in this 
animal, an enlarged and hemorrhagic condition of the adrenals. As a rule, the 
bacilli remain localized and are not found in large numbers in the internal 
organs of the infected animal. Guinea pigs that receive smaller doses and do not 
the by the fourth day may develop paralytic svmptoms and cachexia and die 
later on, a condition obi ious)y different from the acute toxemia. 

Animals vary considerably in their susceptibility to infection. Rats and mice 
arc relatively refractor)-, rabbits arc less susceptible than guinea pigs, cats, dogs 

•*" r • * r — *; — fre- 

■ ■ . ‘ i ■ has 

■ 1 v 1 heir 

toxin and ma> lie used instead of guinea pigs for the virulence test. 

BnrtcriolopirnI Diagnosis of Diphtheria. To establish a diagnosis of 
infection with diphtheria bacilli, in either case or carrier, the bacillus must be 
isolated and its toxigcnicitv demonstrated. The specimen is taken on a swab, 
either plain or prev iouslv dipped in sterile bore scrum which is coagulated on 
the surface by twirling in a flame. It is best to inoculate two media, Loftier s 
serum agar and a tellurite medium such as chocolate tellurite agar, if onlv a 
single medium can be used, tellurite is preferable. A blood agir plate should be 
inoculated as well, liotli for the isolation of diphtheria like colonics and to pro 
side for the cultivation of hemolvtic streptococci which max l>e present. After 
the plates have l*ccn inoculated a smear may be made by rolling the swab 
on a slide, and stained with alkaline methvJcnc blue, it will sene to show the 
presence of the spirochetes and fusiform hicilli of Vincents angina should 
these Ik* present. 

Diphtheria bicilli grow up in eighteen to twrntv four hours* incub-ition. If 
the characteristic Mack or grey colonics appear on tellurite, smearsmay lie made 
from such colonies and from the Loftier slant for microscopic examination, 
the morphology of the diphtheria bacillus is frcrpicntlv not characteristic on 

**Cf. rn-Mdier, Pifvim and Tuns Amor. Jnur. Ihj:. 1^*4 35 3*»l. Tuns , 

-*1 57. 
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replace effectively the crude tissue extract in most of the current serodiagnostic tests 
for syphilis (see, c.g., Blumberg et al. 1050, Price and Wilkinson 1950, 1952,°Price 1953 ). 

The Interpretation o! the Diagnostic Serum Reactions.— This is a problem that 
requires the closest co-operation between the clinician and the clinical pathologist. 
It is considered at length in many of the reports and papers referred to above ; 
in this book we can give only a brief discussion. 

Firstly we must note the methods employed in recording and reporting results. 
The more common tests do not yield a numerical result, in terms of titre, dilution 
or ratio. 

Often the range of strongly positive to doubtful and negative reactions is recorded 
by an equivalent range of plus signs, + +, +, ± and — . This notation is useful but con- 
fusing, because each serologist has his own interpretation of the different degrees m the 
scale. The same applies to a verbal scale, such ns “ strongly positive,” “ positive,” 
“weakly positive,” “doubtful” and “negative.” Ambiguity is diminished and the 
clinician probably well enough served when a restricted notation, consisting 6oIely of 
“positive,” “doubtful” and “negative” is used (see Camming ft al. 1935). 

The way out of the difficulty would be to specify the results obtained with each method 
in terms of a standard antigen, and of standard preparations of syphilitic sera giving 
the various degrees of positive reactions. As noted above, the first steps in this direction 
have already been taken on an international level. 

In the absence of tests against such standards, we may get some idea of the 
relative sensitivity and specificity of various tests from limited comparative tests 
that have been made. In 1928, under the auspices of the Health Organization of 
the League of Nations, sera from several hundred persons clinically diagnosed as 
suffering from syphilis, and several hundred diagnosed as non-syphilitic, were 
submitted to various serological tests carried out at Copenhagen by skilled patho- 
logists from different countries (sec Report 1929). 

The significant figures taken from this report are tabulated, in a slightly modified 
form, in Table 165. The various modifications of the Wassermann re ^° n 
employed, and the various workers using this test, are designated as W.R.I, 
etc. The results obtained by the Kahn test are labelled Kahn 1 and Kahn 2. Otter 
forms of precipitation tests are labelled P.1, P.2, etc. The results arc recor e 
as “ positive,” “ doubtful ” or " negative.” It will be seen that the reports °& * 
clinically syphilitic cases vary rather widely, and that some of the workers recor 
rather a high proportion of positive or doubtful reactions among the cbmet f 
non-syphilitic cases. Taking the results at their face value, and allowing or e 
fact that many of the clinically syphilitic cases were clearly not in a stage m w ic 
they would give a positive serum reaction, W.R.3 with 42G per cent, of nega n 
among the clinically syphilitic, and 97*2 per cent, among the non-syphilitic has gw 
satisfactory results. Both series of Kahn tests do better than this, and so does • 

The variability of the results with sera from clinically syphilitic patients, 
rather high proportion of negative results, are not surprising ; because a ® ° ^ 
and types of syphilis were included, and it is well known that the propo m ^ 
positive reactions varies widely in different stages and types of the disease. ’ 
for instance (see Reports 19186, 1919), records 59 per. cent, of positive^rc ^ 
in primary syphilis, 90 per cent, in secondary syphilis, 84 per cent, « ^ 

syphilis, 72 per cent, in tabes, and 99-3 per cent, in general paralysis o e 
It is in the type of case that shows a relatively low proportion of positive re 
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tellurite as indicated above. It is often inferred that only diphtheria bacilli 
grow as black colonies on tellurite medium. This is not true, for any bacterium 
that reduces tellurite will produce similar colonies; tellurite-reducing bacteria, 
other than diphtheria bacilli, from the nose and throat are usually staphylococci 
or micrococci and as a rule their colonies resemble those of the trail's variety 
of diphtheria bacillus hut are blacker. 

If morphologically typical bacilli are found toxigenicity must be tested by 
ammo) inoculation. This is ordinarily carried out in the guinea pig by sub- 
cutaneous or mtracutaneous inoculation. In the first instance the growth from 
a Loftier slant is suspended in 10 ml. saline and 4 ml. injected subcutaneously 
into each of two guinea pigs, one of which has received 250 units of diphtheria 
antitoxin twenty-four hours previously. The diphtheria bacillus will bill the 
unprotected pig in three to five days and autopsy will show local edema and the 
characteristic hemorrhagic enlarged adrenals, while the protected animal will 
survive. For the intracutaneous test the growth from a Loftier slant is suspended 
in 20 ml. saline and 0.15 ml. injected into the shaven abdominal skin of each 
of two pigs as above. Toxigcnicity is indicated by the development of a local 
infiltrated lesion which shows superficial necrosis in two or three days in the 
unprotected pig. By the latter technique a number of tests may be carried out 
in the same pair of animals. 

The virulence test may also be carried out in the rabbit. The growth from a 
Loftier slant culture is suspended in 2 to 3 mi. of sterile infusion broth, and 0.1 
ml. injected intradermally. Four hours later the animal is given 1000 units of 
antitoxin intravenously, and immediately " J innr ' 

ulation of 0,1 ml. of the bacterial suspens 
of the first inoculation. Reactions should oe icau ai /*. num* L 
bacteria is toxigenic, the site of the first inoculation will be a central necrotic 
area, usually hemorrhagic, surrounded by o zone of erythema. The inoculation 
of antitoxin does not affect a reaction to the first inoculation, but does spe- 
cifically inhibit a reaction to the second inoculation , and the site of the latter 
appears as a small, pinkish papule. Eight to ten such virulence tests may be car- 
ried out simultaneously in the same animal. 

Immunity. Immunity to diphtheria , arising as a consequence either or 
recovery from a frank attack of the disease or of inapparent infection, is es 
sentially an antitoxic immunity. Antibacterial substances appear to be o itt e 
significance and the refractory state is associated with the presence of antitoxin 


in the blood serum and body fluids. , , , 

The Schick Test. Immunity to diphtheria, then, may be measured by me 
amount of circulating antitoxin present in a given individual. Askm test a 
been devised by Schick, and is known as the Schick test, in whic a 
amount of diphtheria toxin is injected intradermally. In the non J l ™ mu ®L K -. 
irritant action of the toxin gives rise to a local erythema followed by n 
and desquamation, and the reaction is said to be positive, In the immune, 
ever, the toxin is neutralized by the antitoxin that is pre sen t, t e c ara ^ 
reaction does not develop, and the reaction is negative. The f'moun o . 
injected is usually 1/50 of a guinea-pig MLD in a volume of • ^ 

the Permanent Standards Committee of the League of Nations spe 
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"'Reactions in both jaws and pinta are generally regarded as true positive 
reactions, indicating treponemal infection. 

"Tahe^Positice Reactions .— There is another class, often described as " biological fake 
positive ” reactions, to distinguish them from false positives due to faults in the serological 
technique. For example, patients with leprosy, malaria, sleeping sickness, tuberculosis 
and other febrile diseases, and pregnant women, may be positive. Table> 167 displays 
some of the results from a trial made by the Public Health Service of the United States; 
it includes the syphilitic and the normal subjects from Table 166. It mil be noted that 
the percentage of positives is high in leprosy, lower in malaria (see also Co* and Durant, 
1945), and very small in febrile conditions and pregnancy. Another point that emerges 
from the figures, typical of many serological tests for syphilis, is that the high percentages 
of true and “ false ” positives are associated (c.g., W.R. 3, Kahn 2, P 2 and P 5 ) ; i.e , the 
more sensitive the test, the less specific it is. 


TABLE 166 

Results of Comparative Trials of Different Complement-fixation and Precipitation 
Tests 


r 

Percentage of Sera reacting positively. 


Untreated 


Late Sj pliilis 
Varying t 

Treatment. 

Normal. 

ifon-sypluMIc. 


Primary 

Syphilis. 

Secondary 

Syphilis. 

W.R. I 

53-7 

100 

6GC 

00 


65-9 

100 

72-1 

00 

„ 3 

82-5 

100 

86 4 

07 

Kahn I 

69 8 

100 

58 0 ! 

00 

76-7 

100 

7G9 

00 

, r 2* 

82-9 

100 

84-3 

33 

„ 3* 

80 5 

100 

83 0 

0-7 

r. i 

72 1 

100 

82 4 

20 

.. 2 . . 

810 

100 

84-5 

07 

.,3 

68 I 

98-4 

64 5 

33 

,.4 

74-4 

100 

71-5 

00 


72-1 

98 5 

83-6 

1-3 

,,0 

70 7 

98 4 i 

63-1 

07 1 


* See text. 


False positives are also reported in respiratory infections, infectious mononucleosis, 
virus diseases such as measles and vaccinia (Rein and Elsberg 1945), and more rarely in 4 
number of other diseases (see Stokes and James 1949). The globulin responsible for t e 
false reaction differs in some respects from the syphilitic antibody, particularly in DMA? 
inhibited by a lecithin associated with the globulin fraction of human serum (6ee Vo w 
cl al. 1947, Volkin 1949). The ongin of these antibodies is obscure. Kahn (1949) ^ 
cribes a “ universal ” flocculation reaction with his standard antigen when it is ^ 
another salt concentration — a reaction which is positive in the sera of normal men an 
animals. He regards the antibody as the result of auto-immunization by hpids re eas 
during ordinary tissue breakdown , when the breakdown is intensified in diseases 
leprosy or malaria, the “ universal ” antibody is abundant enough to react in the con i 10 
of the usual serological tests for syphilis. t » 

Treponema Immobilization (T.P.I.) Test. — Nelson and Mayer (1949) and Jfrlson 
Diesendruck (1951) described the conditions for detecting an antibody acting three y ^ 
Trep. pallidum. Spirochietes are harvested by mincing heavily infected ra bit es ^ u * 
and the resulting suspension is preserved in a specially devised medium. Tiej are 
bated at 35® C. with guinea-pig complement and the serum under test, m an atmo’p 
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MLD in 0.2 ml. and 1/50 MLD in 01 ml 23 According to Moloney and 
Taylor, 21 however, a toxin of three times this strength gives more sharply 
defined reactions. Considerable interest has attached to diluents for the Schick 
toxin since it is not stable in phenol-saline solutions. The dilute toxin is, 
however, stable in 2 per cent peptone solution, a borate buffer-gelatin solution, 
and a glycerol-gelatin solution which has been proposed recently. The ad- 
vantages of a ready-diluted Schick toxin arc obvious, and toxins diluted ready 
for use are now generally available. 

For many years a negative Schick test has been regarded as indicating the 
presence of 1/20 unit or more of antitoxin per milliliter in the blood scrum 
and a positive test less than 1/40 unit More recent experiments, however, 
have indicated that the socallcd “Schick level” of immunity is much lower 
than this and in the neighborhood of 1/250 to 1/500 unit of antitoxin; negative 
reactions have been obtained in persons with as little as 0.0005 unit. Pbair 2 ” 
has expressed the opinion held by a number of workers that a negative Schick 
test is indicative not only of antitoxin content of the blood but also involves 
a defense mechanism other than that of antitoxin production. 

A scarification test in which diphtheria toxin is introduced by punctate 
scarification rather than intradermal injection has been introduced by Hch and 
is called Rch's test. It is said to be somewhat simpler to perform than the 
Schick test and, when carried out with a potent toxin (with a guinea-pig MLD 
of 2000 per ml.), to give parallel results with the Schick test. 

The question of whether the Schick test is indicative of a degree of im- 
munity such that subsequent infection is highly improbable is one that cannot 
be answered a priori. Experience has shown, however, that the assumption 
that a Schick-negative person is, for all practical purposes, immune, is prag- 
matically sound. 

Proplij lactic Immunization. It was early observed that experimental 
animals can be immunized to diphtheria by the injection of living cultures of 
the bacilli after a protective dose of antitoxic scrum or by the inoculation of 
toxin neutralized with antitoxin. Theobald Smith suggested the use of toxin- 
antitoxin mixtures in the immunization of horses in 1907, and the same 
method was used by von Behring in 1913 to immunize children. The use of 
toxin antitoxin for the immunization of man. however, was developed largely 
through the cfTorts of Park in New York City from 1913 onwards. 

Toxin-Antitoxin. The mixture usually used contains 0.1 L* dose of toxin 
per milliliter. The toxin is slightly undemcutralired (5 ml. of the mix- 
ture should produce diphtheritic paralysis in 300 gm. guinea pigs) hut de- 
pends for its immunizing efficiency not on the slight excess of toxin Inn on a 
slow dissociation of the toxin antitoxin complex to liltcraie free toxin Admints 
tered in 3 doses of 1 ml. each at intervals of one to two weeks, toxin antitoxin 
provinces an immunity in 65 per cent of individuals inoculated 'Flic immunity 

*> flefon of the Permanent Commission on Bi'-Jntncal Standardization. I ripir if Na 
(Kins Health OsuniMtion Ijindnn 1931. 

»*Mnlunr> indTul'** Jour. Immunol, 1937,33 191. See also Cameron and Gd'hitd 
Canadian J»ur. Pub. llrahh. 1941, 32 93. 

r»pliair Ana. J sir. Iljc , 1942, 30 293. 
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The uso of the Wassormann reaction in the control of treatment i3 too complex to 
be considered here. . Broadly, it may be stated that, in a case which comes under treat- 
ment early, and which m efficiently treated, tho Wasserraann reaction becomes negative 
and remains so ; whcrenB in a case which escapes treatment during the early stages, or 
which is inefficiently treated during this period, it is extremely difficult, if not impossible, 
to produce a permanently negative Wassormann reaction by treatment administered 
several years after infection has been contracted (Browning and Mackenzie 1924, Kcport 
1926). 

It may bo added that tho tests used in tho examination of the hlood serum may 
also be applied to tho cerebrospinal fluid in suspected cases of neurosyphilis ; though 
certain of the precipitin tests give rather poor results when used for this purpose (see 
Camming et al. 1935). Such examination* should, of course, be controlled by examination 
of the fluid for cells, proteins, type of colloidal-gold curve and so on. 

Diagnostic agglutination tests with suspensions of spirochajtcs have been described 
(Tani 1940, Cain 1953), but their value in practice has still to be established. 

Prophylaxis and Treatment. 


Wo do not propose to discuss the various hygienic methods that have been 
advocated for the prevention and control of syphilis 

Bacteriological methods of prophylaxis do not exist. Animal experiments 
indicate that it is difficult or impossible to protect animals by vaccination with dead 
spirochootes against subsequent infection with living organisms (Uhlenhuth and 
Mulzer 1913, Grossmann 1929, Eagle and Fleischmnn 1948, Magnuson et al. 1947), 
though McLeod and Magnuson (1953) record the formation of immobilizing anti- 
bodies m these circumstances. Antibodies have been demonstrated in the blood 
of infected animals, but protective antibodies, when demonstrable, are feeble 
(Turner et al. 1948) Metclmikoff and Roux (190 In) obtained some evidence that 
apes inoculated with a weakly virulent strain of syphilis were protected against sub- 
sequent inoculation with a fully virulent strain, but the results were not conclusive. 
Treatment with organic arsenicals, either arsphenamines like salvarsan, oroxophen- 
arsine (mepharsen), is successful in curing the disease in the early stages, but 
once the secondary stage has passed, definitive cure appears to be impossible 
In communities where it is available, penicillin has largely replaced the arsenicals. 
Its effect in man was first demonstrated by Mahoney, Arnold and Harris (1943) 
Benzylpemcillin is the most effective (Eagle 1946). In man it is estimated to e 
2-4 times as effective as oxophenarsme (Eagle el al. 1916). 


Prophylaxis in tho rabbit, in winch it is estimated tlmt tho spirochete divides a ou 
once every thirty hours (Magnuson et at. 1948), is possible with concentrations of * 10 
in the serum of the same order as those that are treponcmieidal in vitro (Eagle et a 
though more is required when large inocula are used. For cure of the rabbit, t ® ® 
increases with the size of the inoculum, and with the time between infection and a< J TI1 ™? , 
tion. It is constant for 4 days, and rises to 30 tunes tins amount after 6 wee * \ o 
et al. 1947, Eagle 1949) There is little doubt that penicillin acts synerghaiiy xrtlhu*^ 
or bismuth preparations in the experimental animal (Magnuson and Rosenau 1 » ® - n 

1947, 1948, 1951), and combined treatment has been practised in man, especia 
relapse cases (Harrison 1945, Report 1946). Large doses totalling 3-6 hundre * 

units of “depot” preparations of penicillin alone, which ensure effective concert ^ 
of the drug in the blood for long periods, are curative in about 90 per cent, of . ut j, 

early syphilis within ft few weeks (see Thomas 1948. Arnold et al. 19 *2). ' * Hi ' true 
and the arsenicals, late syphilis is more resistant to cure. There u lit J rf 
relapses occur, usually within six months of stopping treatment BvAUe I & 
treatment, with the rapid cure of local lesions, and the reputation of pen 
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develops slowly, and one to six months may be required for the Schick reaction 
to become negative. Accidents may occur as a consequence of dissociation of 
the toxin-antitoxin mixture-freezing in one instance produced such dissocia- 
tton— but these are rare, particularly with the 0.1 L + dose mixture. There is, 
of course, the possibility of sensitization of the inoculated individual to horse 
serum. 

Toxoid. The use of formol toxoid or anatoxin as an immunizing agent was 
introduced by Ramon in 1923 and has been widely adopted. As pointed out 
elsewhere (p. 204), toxin treated with formaldehyde (in this case a potent 
toxin of more than 15 Lf doses per milliliter is incubated with 0.3 to 
0.4 per cent formalin at 37° C. for one month) Joses its toxicity but retains 
its antigenicity and is a highly efficient immunizing agent. The administration 
of this material in three doses of 0.5, 1.0 and 1.0 ml. at intervals of two to 
three weeks renders 95 per cent of persons Schick-negative. It was at first 
thought that toxoid might entirely replace toxin-antitoxin as an immunizing 
agent, but this has not proved to be the case. Reactions to the bacillary protein, 
while not of great importance as a rule in young children, may be relatively 
severe in older persons, and its use is best restricted to children under twelve 
years of age. Reactivity may be tested for by the intradermal injection of toxoid 
—the Moloney test. 

Toxoid-antitoxin floccules (the precipitate coming down at the optimal anti- 
gen-antibody ratio) have been used in England to a considerable extent. 
There is, presumably, a partial purification of the toxoid by precipitation with 
antibody. 20 This material and toxin-antitoxin floccules have not been widely 
used in the United States. Toxoid precipitated with protamine appears to 
be an effective immunizing agent without giving the untoward reactions some- 
times observed with alum-precipitated toxoid. 27 Pillemer and Toll 2 * have pro- 
duced highly purified toxoid by methanol precipitation in die cold which gave 
2000 or more Lf per mg. nitrogen, but this material has not as yet been ade- 
quately tested as an immunizing agent. 

Alum-Precipitated Toxoid. It has been found that toxoid precipitated with 
potassium alum (small amounts, 1 to 2 per cent, are required) is superior as 
an immunizing agent to ordinary formol toxoid. Present preparations are treate 
with charcoal prior to alum precipitation to remove color and extraneous 
nitrogenous material 20 The precipitate is insoluble (it may be redissolved m 
sodium citrate or sodium tartrate) and remains in the subcutaneous tissue or 
a considerable period of time, thus providing a prolonged antigenic stimu us 
It was first thought that a single injection of this material was sufficient 
provide a solid immunity; some of the early reports indicated that t0 
per cent of Schick-positives became Schick-negative as a consequence o 
single injection. The administrative advantages of a single injection are, o 
course, obvious. It has become increasingly clear in recent years, owevet, 
a single injection is not sufficient; as little as H per cent conversion a 

For a discussion of ibis material see Watson, Taggart and Shaw. J QUC - 


1941, S3 63 

•sr Ross: Amer. Jour. Dis Children, 1944, 6S'172. 
38 Pillemer and Toll: Science, 1947, 105:102. 

30 For details of preparation see Barr, Pope, Glenny 


and Linggood Lancer, 1941, »• 301- 
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in its typical form only amongst the dark-skinned races. The causative organism, 
Treponema pertenue, was discovered by Castellani in 1905. It is a spirochete 
morphologically indistinguishable from Trep. pallidum . Yaws occurs particularly 
in childhood. The commonest site for the primary lesion is on the lower extremities. 
The secondary eruption usually appears 2-4 weeks later. In the late stages of 
yaws, bone lesions and ulcerative skin lesions develop. Yaws does not appear to 
be acquired congenitally. It is probably spread by contact and may be trans- 
mitted by insects. The disease is not as a rule of venereal origin. It is particularly 
prevalent in environments that have a high humidity. 

AVassermann reactivity follows the same course as in syphilis. Yaws is curable 
by the arsenicals, and readily so by penicillin. (For information about the 
epidemiology, treatment and control of yaws, see Symposium 1953.) 

Pinta, like yaws, is a contagious, inoculable disease, and is notably prevalent 
among coloured people in the American tropics. The characteristic lesions are 
papules that coalesce to form mottled, depigmented lesions on the skin, mainly on 
the extremities. The disease occurs at any age ; it is non-vonereal, and spreads 
by contact, and possibly by insects. The causative organism, Trep. carateum, was 
first demonstrated by Saenz and his colleagues (1938). It is morphologically 
indistinguishable from Trep. pallidum. Wassermann and flocculating antibodies 
appear in a low proportion of patients in the primary stage, in about 60 per cent, 
of those in the secondary stage, and in most of those in the late stages. Arsenical 
drugs, and (see Rein et al. 1952) depot penicillin are curative. 

Much remains to be done to establish the exact relationship, bacteriological and im- 
munological, of Trep. pcrlenuc and Trep. carateum to Trep. pallidum. Trep. pallidum 
and Trep. pertenue cross-react with the corresponding immobilizing antibodies in rabbits 
(Khan et al. 1951 ; see also Varela and Palcncia 1954). There are suggestions in man of 
a cross-immunity. Thus, Parham (1922) in Samoa, and Wilson and Mathis (1930) m 
Haiti, concluded on epidemiological grounds that yaws m childhood protected against 
syphilis m adult life. Cross-immunity’ between syphilis and pinta is less good. 
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reported. There is also a tendency for such Schick-neg3tives to revert to Schick- 
posimes within a year or two. though why this should be the case is not at all 
dear. It seems established that a single injection is not sufficient but mo in- 
jections provide a solid immunity. The primary dose should be not less than 
half the total toxoid given and may be as great as two-thirds of it 30 Alum 
toxoid has the same tendencies to produce untoward reactions in older persons 
that arc observed with formol toxoid. 

Passive Immunity. Susceptible, t.e., Schick-positi\c, individuals may be 
passively immunized to diphtheria by the injection of antitoxic horse scrum 
or purified preparations of antitoxin Such immunity is of relatively short 
duration and is not effective for longer than tv\ o or three weeks at the most. 
Pjssivc immunization is not so extensively practiced now as it formerly was 
but is, of course, indicated in the case of susceptible indniduals who arc 
directly exposed to the disease Except on a small scale, as in a hospital ward, 
it is not practical to control epidemic diphtheria through passive immunization. 

SUSCEPTIBILITY OF VARIOUS AGES TO DIPHTHERIA 
(As Indicated bv the Shick Test) 

Susceptible, 

Arc Per Cent 

Under three months 15 

Three to six months . . 30 

Six months to one scar 60 

One to two >cjrs . . 70 

Two to three scars - . 60 

Three to fisc sears 30 

Fisc to tin sears . 30 

Tin to twents scars 20 

Oscr twenty J ears 12 

The use of combined acme- passive immunization in which both toxoid 
and antitoxin arc given simultaneously , the former in protective amounts. Ins 
been of some interest. More recent work indicates that the passive protection 
conferred bv antitoxin does not interfere serious!) with the immune response 
though there is a period of low immunity, after the second or third week, after 
the passive protection has been exhausted. A second inoculation of toxoid is, 
of course, highly desirable 31 

The Therapeutic Use of Antitoxin. Scrum therapy in diphtheria is more 
successful than in anv other disease, and there is no question of iis efficacy 
in reducing the case fatality rates. As in the case of tetanus and botulism, 
the therapeutic administration of antitoxin cannot bring about repair of tissues 
already damaged bv toxin Early administration is. therefore, essential, and 
there is progressive increase in the case fatality rate w ith each d.i\ ‘s delay. Park 
advises in mild cases 3000 to 5000 units, in moderate!} severe cases 10000 
units, ami in severe toxic cases 20.000 units or more in adults and 10.000 to 
20.000 in children There is no limit, beyond the volume, to the number of 
units tlut may he safely injected- Antitoxin is gcncrallv administered intra 
• Cf. IWfiAJ Rot. Med J.sir.. 1913. r . 706 

*• See IXiwme, Glennr, Parish. Smith and Wilvm Rru Mol J-sir . 1941, p 717, 
Phi if and R*«< Amrr J.«ur Hyr. 1*142. 35 377. 
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muscularly but in severe cases may be given intravenously. It is completely in- 
effective when given by mouth. 

Of considerable practical significance is the concentration of antitoxin, since 
the volume injected is a limiting factor. Usually horse serum contains 500 to 
700 units per ml. and exceptionally 1000 to 1500. Concentration of the anti- 
toxin by salting out and other procedures is generally practiced, for, although 
some antitoxin is lost in the process, the concentration is increased with a 
corresponding reduction in the volume to he injected. 

Epidemiology. 32 The epidemiology of diphtheria is considerably better 
understood than that of any other disease, in part because the causative agent 
can be isolated with relative facility from infected individuals, and in part 



Fig. 142. The seasonal incidence of diphtheria. Averages of reported cases by months for 
the years 1939 to 1945 inclusive. Data from Supplements to Public Health Reports. 


because the Schick test allows the differentiation of the immunes and the 
non-immunes. As m the case of other respiratory diseases, infectious materia 
leaves the body in the secretions of the nose and throat, is transmitted from 
man to man by contact or infective droplets, and enters the body via the mout i 
and nose. Furthermore, the diphtheria bacillus is disseminated not only >> 
persons with the disease but also through the agency of healthy carriers in 
whom there is no clinical evidence of infection. Unlike many of the diseases 
of the respirator)' tract, however, diphtheria is an immunizing disease am 
prolonged or repeated contact with the bacillus frequently results in t ic re 
velopment of a solid immunity to the disease in its clinical manifcst3t'Orts 
Immunity and Susceptibility. Schick testing indicates that while suscep i 
tty is low in the first six months of life, the proportion of Schick-positive^ ^ 
creases rapidly and is at a maximum in children under four or ; >e 
age, then gradually declines until 80 per cent or thereabouts o a u ^ 
s2 For a critical discussion of the epidemiology of diphtheria dming the 115 
see Russell. Med. Res. Council (Great Britain}, Spec. Repr. Sen r>o.2/, 
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Japan, where in 1933 there were as many as 1,636 cases. The United States seems 
to suffer but little. In Europe, Holland and France appear to have the highest 
incidence rate, but statistics of the real prevalence of the disease are unobtainable 
(see Report 1931). In Great Britain it is endemic in sewer workers (Fairley 1931, 
Alston and Brown 1935, Stuart 1939) and in those engaged in washing fish (David- 
son et al. 1934, Davidson and Smith 1936, Smith and Davidson 193G, Smith 1919). 

The incubation period of the disease is 5 to 7 days as a rule, rarely as long as 
13 days (Inada 1917). In the first or febrile stage, which lasts for 6 or 7 days, 
there is high fever, conjunctival congestion, muscular pains, and albuminuria. 
In the second or icteric stage, which lasts from the 7th to the 13th day, jaundice 
appears, there is a tendency to haemorrhage, and death may occur. The third 
stage, or stage of convalescence, is marked by the gradual subsidence of the jaundice 
and other symptoms ; it may be interrupted, however, by a secondary fever 
(Inada 1917). 

The disease varies considerably in its symptomatology, depending to some 
extent on the nature of the causative organism. In Great Britain most cases are 
caused by Lepto. iclcroihannorrhagice , but 10-15 per cent, or so follow infection with 
Lepto canicola (see Chapter 38 and Broom 19516). The disease caused by Lepto. 
icterohcemorrhagtat tends to be more severe, jaundice occurring in about 70 per cent, 
of recognized cases ; nephritis is sometimes the dominant symptom. In the form 
caused by Lepto. canicola jaundice is present in only about 18 per cent, of ea«cs 
Serous meningitis may occur in either form, but is much commoner in that due to 
Lepto. canicola. The case-fatality rate varies in different outbreaks Cases without 
jaundice are practically never fatal, and in the canicola form of the disease even 
cases showing jaundice almost invariably recover. In outbreaks and sporadic ea<es 
caused by Lepto ictcroh cemorrhag i ce the fatality rate in Japan varies from 4 '6 to 
32 per cent. (Inada et al. 1916, Report 1934) ; on the western front during the 
1914-18 war it was under G per cent, among the British and 13 per cent among 
the German troops (Stokes et al 1917, Uhlcnhutli and Fromme 1918); in the 
Scottish outbreak it was about 25 per cent. (Buchanan 1927) ; and in the civilian 
population of England and Dales it is about 15 per cent. (Broom 195l«) 

In man the Bpirochsetes are widely distributed in the body during tho 1st wee 
of the disease, and can generally be demonstrated in the blood by guinea-pig 
injection, and occasionally by microscopical examination. After the 7th to 
day they leave the blood and appear in the urine, at first in very small num era, 
but gradually increasing till during tho 3rd and 4th weeks they can be oun 
microscopically by dark-ground illumination in tho majority of cases. ^ 
persist in the urine for a variable time, but can rarely be found after tho CD 
tlie 5th week. In patients dying during tho febrilo stago of tho disease spir 
chajtes can be demonstrated microscopically in the kidney, liver, adrenals, sp * 
testicle, lymphatic glands, voluntary and cardiac muscle, and arterial 
less frequently in the lung, pancreas, intestine, nervous system, and skm ( n - 
et al. 1916). If death occurs during the 2nd week or later, tho chief ° r ^ n . y 
which spirochcetes are found is the kidney; in tho other organs they a 
numerous or absent. trained 

Occupational Incidence. — Weil’s disease occurs chiefly in damp, badl> 1 j 
rat-infested situations. Thus in Japan it was noticed that the disease o ^ 
in coal mines ; that only the miners who worked in a particular Wfltcr 

mines were affected ; that this section was under water ; and that when 
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Schick-negative. (See the accompanying table.) The initial immunity of the 
eery young is passively transferred from the mother and is not of long duration. 
The increase in the proportion of immuncs. however, is by no means entirely 
a result of recovery from clinical diphtheria, and the question arises as to how 
these individuals acquire an acthc immunity. 

Carriers . As indicated above, healthy individuals may harbor virulent 
diphtheria bacilli in their throats These carriers need be neither immuncs nor 
convalescents and are, for the most part, casual carriers There is no precise 
information concerning the duration of this transient carrier state; it may 
possibly be about two weeks. The proportion of carriers has been investigated 
by a number of workers. In a study of Baltimore school children, Douil and 
Pales 11 found an average carrier rate of 2.32 per cent from November to May. 
On the basis of this Frost"** h3s estimated the carrier incidence in the five to 



fourteen age group in that city to he 2538 per 10.000. At this rate 75 per cent 
of the population becomes infected at Icjst once in five years. 95 per cent in 
ten years, ami over 99 per cent in fifteen years, while very considerable pro 
portions would suffer repeated infections, the average being 2.5 infections per 
person in ten years. Others have recorded considerably higher carrier rates, 
Dudley 35 has reported 6 6 per cent in a hoys’ school, and repeated swabbing* 
shower! that at least 40 per cent carried the diphtheria bacillus at one time or 
another during the yearly period. 

There is, it appears, ample opportunity for contact with virulent diphtheria 
bacilli, and there is every rcjsnn to suppose that the increasing proportion of 
Schick negatives in the progressively higher age group* is a consequence of an 
activ e immune resjwnsc to the presence of these micn«>rg tnwnv in the nose and 
throat. It may lx.* noted parenthcticallv that a similar situation may vers hkclv 
prevail in certain other diseases in which technical difficulties have prevented 
its demonstration. 

>» !>*,!! an<l Amer. Jour. H»k . 1923. J«H. 

“Tr**! J'ur. I'm. .Mol™ 192^. 2 32$. 

ofKhUo j<«r IIsr, 1932. 12 l**3 
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common, from 7 to 40 per cent, of all rats examined proved to be infected (Schuffner 
1934). The frequency of infection depends largely on the age of the rat. Young rats are 
seldom infected, but over 60 per cent, of adult rats may harbour the spirochietes. The 
black rate rarely act as a carrier. 

The spirochsetes are found in the kidney and the urine, not in the blood or 
liver. Intraperitoneal injection of rat’s urine, even in small amounts, 0*1-0 2 ml., 
into guinea-pigs may give rise to fatal hemorrhagic jaundice. Not all specimens 
of rats’ urine in which leptospirm are visible microscopically prove infective ; this 
is probably dependent on the acidity of the rat’s urine, which rapidly proves fatal 
to the organisms. The same applies to the effect of human urine ; only in one- 
third of cases of Weil’s disease does the urine prove to be infective. Uhlenhuth 
and Zuelzer (1921) found that fresh human or rats’ urine rapidly killed the spiro- 
chsetes ; but if the urine was neutralized, the organisms remained virulent for 
2 days. 

Leptospira; in Water. — In view of the frequency of infection of rats' urine, it 
should be possible to demonstrate the presence of Leplo. iclerohccmorrhagia in 
contaminated water. 

Spirochcetcs morphologically identical with Leptospira icterohcemorrhagice are wide- 
spread in water. They were first observed by Wolbach and Binger in 1914, and hare 
since been found by numerous workers in different parts of the world. In this country 
and in America they arc known as Leptospira biflexa and in Germany as Sptrochaia pseudo- 
icterogenes (see Chapter 38). As pointed out by Zuelzer (1928) they are generally found 
attached to other spirochaetcs and protozoa. They are especially prevalent in the slime 
of ponds, lakes, and rivers, in the slime that collects on the ends of water taps and pipes, 
and in the roof slime of mines. They are very susceptible to acid and are therefore con- 
fined to waters with a pH of over 6 8. Thus they are abundant along the east coast 
of Sumatra where the water is alkaline and practically absent from Java where the water 
is acid (Sard ji to and Zuelzer 1929). They arc also susceptible to salt, and are said to 
perish in 3 days in alkaline water containing 0-17 per cent., and in a few hours in wata 
containing 1*7 per cent., of chlorine as chlondo (Schiiffner 1934). 

These organisms have occasioned much discussion. For some time opinion was in u* 
enced by the experiments of Baetmann and Zuelzer (1927, 1928). These workers bro»g 
evidence to suggest that, though on first isolation water leptospino were avirulent, y 
passage through guinea-pigs, or occasionally through human beings, they could be so 
raised in virulence as to give rise m the guinea-pig to typical haemorrhagic jaundice. 0 
fact Baermann and Zuelzer regarded Leplo. biflexa merely as an avirulent form o Ltp- 
icterohcemorrhagice. Extensive observations by various w orlters have failed to con 
these findings. Possibly Baermann and Zuelzer were working with a strain 0 
icterohcemorrhagice that had become avirulent by residence under saprophytic con * ■ ’ 

or they may have isolated from one of their guinea-pigs a naturally infective strain en * 
different from their passage strain. Except in special conditions, where the oca 7^ 
heavily rat-infested, it is uncommon to isolate a pathogenic leptospiral strain fro 111 
Since Leplo. biflexa is widely distributed over the globe, while cases of Wei s ^ 
are topographically and occupationally circumscribed, it is difficult to avoi 0 ^ 
elusion that Lepto. biflexa has no mtiological relationship to the disease. 1 os . °. m 
evidence suggests that water becomes contaminated with Leplo. icterohamorr ague 
rats’ urine, and that oven in favourable circumstances the organisms die out 
For this reason infection of human beings is unlikely except from w ater exposed 
and heavy contamination. ^ 

Summarizing, it may be said that the evidence points strongly in of 

infection occurring through contact, often close and prolonged, wit wa 
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It may be asked why contact with virulent diphtheria bacilli does not result 
in clinically apparent infection more often. The production of disease is, of 
course, dependent upon the balance between virulence and resistance as 
pointed out in an earlier chapter (Chap. 8). Climate appears to be of some 
importance, for the proportion of Sehich-negatives in tropical countries is 
quite as high as in the temperature zones yet clinical diphtheria is much less 
common. Racial factors may be involved also, for in the Baltimore studies the 
carrier rate in Negroes was not significantly different from that in whites, yet 
the morbidity rate for the former was much lower. 

The opportunities for the transmission of infection from person to person 
are reflected in both the morbidity and the mortality rates. There appears, for 
example, to be a direct relation between school attendance and the incidence 
of diphtheria, and the deaths from this disease tend to be concentrated in the 
preschool age group with increasing urbanization. 

The Control of Diphtheria. It will be obvious from the above con- 
siderations that diphtheria is widely disseminated in the human population 
and cannot be controlled by the isolation of carriers or, except in a strictly 
limited sense, by quarantine of cases. The control of diphtheria is entirely a 
matter of immunization and, if a sufficiently large proportion of the suscepti- 
ble population is rendered immune, the prevalence of clinical diphtheria 
should decrease. Godfrey 3 '’ has found that the immunization of 50 per cenr 
or more of the children of school age, five to fourteen years of age, did not 
produce a fall in the incidence of diphtheria in a number of large American 
cities, but that when 30 per cent or over of the preschool children were im- 
munized there was a definite reduction in the incidence of diphtheria not 
only among these children but in the community as a whole Immunization 
confers a marked, though not absolute, protection in the individual case, of 
course, and it would appear best from both the individual and group points of 
view that immunization be effected early. 

To what extent prophylactic inoculation and the therapeutic use of anti- 
toxin have influenced the decline in diphtheria shown in Fig. 143 is problem- 
atical. The disease was endemic during the first half of the nineteenth century 
though showing increasing epidemic tendencies. Between 1850 and 1860 a 
great pandemic developed, apparently from a focus in France , which swept 
over the world. A high mortality was maintained for twenty-five or thirty years, 
then around 1885 a decline set in which continued to about 1941. Imniuniza^ 
tron was not generally practiced until about 1920, though antitoxin therapy 
began somewhat earlier. Russell 32 is of the opinion that the decline in certain 
areas, such as New York, in which active immunization has been extensive v 
applied is wore rapid than could be expected from the trend or pre-im 
munization years, and attributes this increase to prophylactic mocu a ion. 

Since 1941 there has been a general increase all over the world m t epr 
alence of diphtheria. It apparently began m Germany in 1939, possi y v 
part to mass movement of children into camps without adequate imrn 
tion, with a doubling of the already high (285 and 207 in Austria an ase j n 
many) morbidity rate, and an increase in severity as indicated by me 
case fatality rates of 3.8 per cent in 1937-38, to 4.4 per cent m , _ _ 

per cent in 1940. The disease spread into neighboring countries m n 

3 Godfrey.* Amer. Jour. Pub. Health, 1932, 22-237. 



TABLE 168 

Summary op the Commonfr Forms of Human Leptospirae Infections (Modified considerably from Wnlcb-Sorgdrager 1939). 
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Europe, In Belgium the number of cases rose from 2419 in 1939 to 16,072 m 
1943, in Holland there were 1273 cases in 1939, 5501 in 1941, 19,527 in 
1942 and 56,603 in 1943, in Norway there were 54 cases in 1939 and 22,787 m 
1943. Diphtheria was the leading epidemic disease of the war jears m Europe 
and an important cause of death in the German army. By 1945 it had declined 
somewhat, but the rate in the American and British occupation zones in Ger- 
many was still 430 to 560 with a case fatality rate of 5.7 per cent, and in France 
and Belgium the morbidity rates were still about three times the prewar rate. 
Some rise was also experienced in the United States, from 13,744 cases re- 
ported in 1943 to 17,612 in 1945, and in the large cities the mortality rate rose 
from 0 56 in 1941 to 0.88 in 1946 31 The sharply increased prevalence of a 
more severe diphtheria has led to some speculation as to the possible appear- 
ance of unusually virulent strains but there has been no bacteriological evi- 
dence in support of the suggestion. It seems more likely that the increased 
prevalence is attributable to some degree of breakdown in the application of 
artificial immunization, due in part to apathy and in part to population dis- 
locations coincident with war, but in general it lias not been adequately ex- 
plained. Such a phenomenon serves as a timely reminder that, though rnanv 
of the infectious diseases have heen brought under some dcgTcc of control, 
that control must continue to be exerted 
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form occurring in the human throat and readily confused with the diphtheria 
bacillus on microscopic examination was first observed by Lofllcr and by von 
Hofmann Wellenliof It is known as Hofmann’s bacillus, Corynclmctcnum 
hofmannu.oT Conncbactcrium yscuiloiUyUthcriticum It differs slightly from 
the diphtheria bacillus in that it is somewhat shorter and plumper and dot's 
not ferment dextrose .Most important, it does not form a soluble toxin anti is 
readily differentiable from C. iltyhlh critic by the virulence test It seems to lie 
completely non pathogenic for man and experimental animals 

A second species, Conncbactcnum verose, has been isolated rc/vateilly from 
□ form of conjunctiv itis know n as xerosis, but its ctiologic relation to the disease 
is highly uncertain It is also found on the skin where it is presumable a part 
of the normal bacterial flora, and it is probable that its presence m xerosis is 
that of a contaminant It does not form a soluble toxin Cory i/elMCfcmiil! cent's 
It is been found with some frequency in acne pustules but whether the assocn 
don is causal tsojxrn to serious question Tins orginisrn stands somevvlnt apart 
from the other bacilli of the group in that it is micro aerophihe jml grows 
profuseli under anaerobic conditions with the formation of a pink pigment 
It also does not form a soluble toxin. 

,\ numlvrof sjxxies of coryneluctena are jutliogcnK. Tor lower animals and 
taiilv nm tnfixt min CorvorlMCleritiifi pogenes tv one of the commonest 
causes of puruhnt infix turns m cattle, sheep, pigs and g*Nt». it is the cause 
of a form of mwtuiv, a few iavs of ahortmn. arthritis and gr mulom Horn 
it fotMs inti Jin vt Hi'mmin rjndonv l sosd W" Hull (UNUR.W l9tS, 
I 1ST. il-f.l p>»«. 2 147 ^!-rvn ,\r-« Jmr Vub Hri!-h. I *>47. 37 t. 
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cases, presumably because of their greater exposure to infection from contamm- 
ated water. Clinically the onset is sudden with rigors or chills, headache, pains 
in the back and limbs, often severe cramps in the calves, and sometimes nausea, 
vomiting, and diarrhoea. In a minority of the cases a macular eruption appears 
on the body and face on the 3rd or -1th day. Jaundice is uncommon. The disease 
lasts for 5-7 days, the temperature falling by lysis. There is sometimes a short 
relapse 1 or 2 days later. The case fatality is about 0 4 per cent. (Korthof 1932) 
The disease can he reproduced in human subjects by inoculation with pure cultures 
of the infecting organism. Leptospira* can he demonstrated in the blood during 
the first 2 days of the disease. In practice bacteriological diagnosis is best made 
by examination of the blood scrum for agglutinins, which often reach a titre 
of over 1/1000 by the 2nd week. The virulence of Lepto . grippolyphom for 
guinea-pigs is very low or absent. The animal reservoir is constituted by field 
mice — Microtux arvalis, Microtux agrestis, Apcxlcmux sylvalicus, and Eiotomys 
gin realm. 

The disease in man is not to he confused with the Steam p fever or Infectious 
A it it min of horses, which is apparently due to a filtrahlc virus (see p. 2226) 

Swineherd* Disease. — Clayton and Derrick (1937) described a 7-day fever in 
Queensland caused by an organism named I/cplo. pomona. It affected mainly 
farmers and workers who were in contact with farm animals. The disease w3s 
mild, jaundice was rare, and death did not occur. Infection was found to he endemic 
in pigs and cattle. Later, Gsell (1910) described a disease among swineherds and 
butchers in Switzerland characterized by a double febrile peak, the second peak 
being accompanied by symptoms of serous meningitis. An organism cultivated 
from the blood of 7 of the patients on the 2nd to 5th clay of illness proved to 
he identical with Lepto. pomona. Agglutinins were also present in the blood 
serum. Pigs m different parts of Switzerland were shown to be infected , no 
less than 59 per cent of pig sera contained specific agglutinins (sec also Frey 

m$). . 

A similar disease occurring among rural workers was described by Savino an 
Pennella (19} }a) in the Argentine. The disease also occurs in northern Pa y 
According to Johnson (1950) gastro-intestmal and pulmonary symptoms 
prominent, conjunctivitis is seen m nearly every case, arthralgia is common, 3D 
intis is not infrequent. Schaeffer (1951) in the United States of America desen e 
an outbreak of an influenza! disease affecting 50 out of SO young persons who 
bathed m a creek in which dead jugs had been found ; agglutinins to L. potnon 
were demonstrated in 18 out of 22 sera examined. ■ 1, ds' 

Seven-Day Fever of Queensland.- — A disease practically identical with Swine * 
disease but caused by Lepto. mxlis was recognized in Australia by Johnson ( ^ 
Like Lepto. pomona , this organism was found to be a common parasite o p e 
The same disease was reported by Gsell and Wiesmann (1918) in Switzerlan ®n 
young men who were in close contact with pigs. The fever was of - ^ 

duration and was constantly accompanied by serous meningitis. Agg u l! " 
Lepto. mitts developed, though sometimes not till the 2nd or 3rd wee '• ^ ave 

Other Diseases caused by Leptospira '. — Occasional cases of human iseas ® ^ 
been reported caused by* such organisms as Lepto ballum, Lepto jaianic > 
Lepto. bangkinang Reference is made to them in Chapter 33. 



624 Corytiebacterium ( The Diphtheria Bacillus) 

lesions in bovines, and is associated with calf pneumonia as well. Infections 
of man hare been reported . 38 It forms a soluble toxin, immunologicaUy dis- 
tinct from and considerably weaker than that of the diphtheria bacillus, 
which is hemolytic for rabbit erythroqtcs, lethal for mice, and produces a' 
dermal necrosis in the rabbit similar to that produced by diphtheria bacillus 
toxin. This bacterium and its toxin have been studied extensively by Lovell.® 
Corynebactetittm ovis CCoryncbactcrium pscuciotuberculosis) or the Preisr- 
Noeard bacillus is also a not uncommon pathogen of domestic animals. It 
produces a caseous lymphadenitis and ulcerative lymphangitis in sheep and 
horses referred to as pseudotuberculosis, and ulcerative lesions in other domes- 
tic animals. Like C. pyogenes, it forms a weak exotoxin distinct from diphtheria 
toxin. Coryncbactenum renale is closely related serologically to C. ovis and 
produces purulent infections of the urinary tract in cattle, sheep, horses and 
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Fig. 144 CoTynebacierium pseudodiphtheriticutu; smear from pure culture stained with 
alkaline methylene blue. Note the irregular staining, club-shaped forms, and general close 
resemblance to C. diphtheritic. X 1050. 

dogs. Corynebactertum eqni is the cause of a spontaneous pneumonia in foals 
and other infections in horses, this species is of interest in that it is variable in 
its reaction to the acid -fast stain, the coccoid forms retaining the stain 'vhue 
the bacillary forms take the counterstain, suggesting a relationship to the 
mycobacteria and acid-fast actinomycetes. Corynehacterium enzymkwnbtt 
been isolated from man primarily, but has been found as the cause o an 
epidemic ophthalmia of sheep . 40 Corjuehacteriiwi wuriseptictm is the cause 
of a mouse septicemia and is apparently pathogenic for no other anrma s. 
occurrence of these and other diphtheroid bacilli in diseases of domestic ani 
ma!s makes this group of microorganisms of considerable interest in leterywr 

In addition to these a dozen or more authenticated species of corynebactei'a 
are soil saprophytes or pathogenic for plants, producing diseases o \v e , 
falfa, ring rot of potato, bacterial canker of tomato and poinsettia, ean 
and the like. 

33 Cf. Ballard, Upsher and Seely: Amer. Jour. Clin. Path., 1947, 1 • ' „ 295, ibid-, 

3* Lovell: Jour. Path. Ban., 1937. 4S:339, ibid., 1939, 49:329, ibid., 1941, * 

1944, 56: 525, Vet. Record, 1945, 57?386, 
i0 Bruce: Canadian Jour. Comp. Med., 1943, 7:369. 
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disease ; leptospirce were isolated from the blood and milk during the fever, and 
demonstrated in the urine for several weeks afterwards. In Palestine the disease 
was recognized in 1937, where it attacks cattle, goats and sheep. According to 
Bernkopf, Olitzki and Stuczynski (1947), it ranges in severity from a subclinical 
infection to an acutely febrile and fatal form. Chronic cases with relapses are not 
uncommon The disease can be transmitted serially in calves by intraperitoneal 
injection of blood taken during the pre-jaundiccd stage. In animals that die 
interstitial nephritis and various degrees of liver damage are found. An organism 
isolated from the blood of an experimentally infected calf was named Lepto. loiis. 
Its exact identity is doubtful, but it appears to be the same as Lepto. grippotyphm 
The cattle are probably infected from voles — Microtus guenlhcri (van der Ilocdcn 
et al. 1953). In some parts of the world endemic infection of cattle occurs with 
Lepto. pomona, causing red water of calves, and with Lepto . mitis. Occasional 
cases of infection with Lepto icteroh cemorrh ag ice are on record (see Broom 1953). 

Other Animals. — Numerous other animals suffer from leptospiral infection of 
one sort or another. In the Indonesian Republic cats are often infected with Lepto. 
batavicc (Esseveld and Collier 1938) and occasionally with Lepto javanica and Lepto 
semarang. Mention has already been made of infection of goats and sheep with 
Lepto. bovis, which appears to be identical with Lepto. grippotyphosa. Infection of 
horses with Lepto. icteroh cent orrhagi cc, Lepto. c anicola, Lepto. pomona, and Lepto. 
mitts has been observed (sec Savino and Rennella 1949) ; and the disease moon- 
blindness or periodic ophthalmia in horses is suspected of being of leptospiral origin, 
though the evidence is still inconclusive (sec Heusser 1948, Joshua and Broom 1919) 
D unkin and Laidlaw (1924-25) recorded the finding of L. icteroh atmorrhagite in a 
jaundiced wild fox, and the same organism was found in apes (Wilbert and Delorme 
1928). As will be evident from this chapter and from Chapter 38 leptospiral 
infections arc very common in rodents, particularly rats and field mice. Bats, too, 
may be infected (see Chapter 38). For the animal reservoirs of different species of 
Leptospira, sec van Thiel (1948), Savino and Rennella (19146, 1949). 


RAT-BITE FEVER 

As lias already been pointed out (p, 1471), there appear to be two distinct disease' 
known as rat-bite fever, one due to Spirillum minus, the other to an organism gener 
ally referred to ns Streptothnx moniliformis, but better called ActinobaciUiii muni. 
We shall consider here only the spirillar type of infection. . .. 

Rat-bite fever, or Sodoku as it is called in Japan, is a disease that occasion^ 
supervenes in man on the bite of a rat, or occasionally some other amma su 
as a cat (Mollaret and Bonnefoi 1938, Yamamoto 1939). The incubation F* 
is generally 7 to 21 days, but it may extend to weeks or even months. The < 1 ‘ 
is ushered in by a sharp febrile paroxysm nccompanicd by swelling of t ic f ^ 
glands and dark-red eruptions on the skin. Redness and swelling arc no 
at the site of the wound, which during the incubation period has genera } , ^ { . f 
satisfactorily. There ate often pains in the limbs on the affected si 
3 or 4 days the attack comes to an end, but is succeeded by another m a ®'* ^ 

These febrile paroxysms with intermittent afebrile periods may be repo a c< ^ 
months, or even years. The fatality of the disease varies from abou 
per cent. 
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MYCOBACTERIUM 


This genus includes 3 number of species of related bacteria which arc most 
conveniently considered in three groups. The first includes the mammalian 
tubercle bacilli, Mycobacterium tuberculosis var. homtms and Mycobacterium 
tuberculosis var. boris, and the avian tubercle bacillus, Afjcoboctcnimi ai turn. 
In the second group there are I lanscn's bacillus or A/jcohncfcniim leprae, and 
the rat leprosy bacillus, Aljcoboctemim Icyvac murium. The third group is 
made up of Johne’s bacillus, or A/)coh«cfcrim» yaratubcrculosis, and certain 
acid fast bacilli isolated from cold blooded animals, together with the sapro 
photic acid fast forms. 

THE TUREHCI.E II.VCIIJ.I 

Tuberculosis is an old disease of man jnd is still one of the most widespread, 
about 75,000 persons die of tuberculosis in the United Slates each vear Its 
infectious nature was suspected by Fracastorius in the carf> part of the sixteenth 
century, and Villcmm showed, in 1865, that the disease could be transmitted 
by the inoculation of tuberculous material. It was in 1882 that Koch demon 
strated the tubercle bacillus b> special staining methods, isolated and grew it 
in pure culture, and reproduced the disease by the inoculation of the bacilli. 

Morpholngj und Staining. The tubercle bacilli arc slender, sometimes 
slightly curved rods 2 to 4 n in length jnd 0.3 to 1 5 in breadth. They occur 
singly but arc often found in small groups, sometimes in compact masses in 
which the indiv idua! bacilli cannot Ik* distinguished The bacilli of the human 
varict) tend to lx? somewhat longer and more slender than those of the bovine 
tv pc, but the morpliologv of Ixith is variable anil no distinction can be nude 
on this basis The bacillarv form is generally retained in the tissues, in culture 
longer filamentous forms are sometimes seen together with swollen or club 
shaped cells resembling the diphtheria bacillus Branched forms are present in 
cultures of the avian iuIktcIc bicillus but are rarclv seen in cultures of the 
mammalian liacilli The occurrence of HI imentous forms and true branching 
indicates the close relation of these bacilli to the bigber fungi, hence the nime 
Afjcohocterimn and the pi icing of these miernorginisms. together with the 
diphtheria bicillus. in the order Act inomvert. lies. 

The tulicrcle bicillus is non motile and non-spore forming and produces 3 
capsular sulnlancc in artifunl culltires. parlicularlv when grown upon serum 
media The granular structure of the individual cells iv marled Vacuoles 
often occur in alnindancr anil mix cvvn give tin stained ctll the apjx-aranoc 
of a chain of cocci The significance of the smith decpJv staining ImIhs vime- 
times observed « ithin the cells is not clear, fhev <I<» not rdrihtt the enhanced 
resist tnic chiractemtie of spires 

625 


2058 


LEPTOSPIRAL INFECTIOUS 


references 

Allbritten, F. F., Siieely, R. F., and Jeffers, W. A. (1940) J. Amer. med. Ass, 114. 

2360. ’ 

Alston, J. M. and Brown, H. C. (1935) Bril. med. J., ii. 339 ; (1937) Proc. R. Soc. 
Med., 30, 741. 

Appelman, J. M. and Thiel, P. H. van. (1935) Zbl. Ball., 133, 224. 

Asite, TV. F., Pratt-ThOman, H. R., and Kusife, C. TV. (1941) Medicine, Baltimore, 20, 145. 
Baber, M. D and Stuart, R. D. (1947) Lancet, ii. 594. 

Baermann, G. and Zuelzer, M. (1927) Klin. Wschr., 6, 979 ; (1928) Zbl. Ball., 105, 345. 
Baker, J. A. and Little, R. B. (1948) J. exp. Med., 88, 295. 

Balfour, A. (1022) Parasitology, 14, 282. 

Basilewsky, B. G. (1933) Zbl. Balt., 129, 502. 

Beeson, P. B. (1943) J. Amer. med. Ass., 123, 332. 

Bernkopf, H., Olitzki, L., and Stuczynski, L A. (1947) J. infect. Bis., 80, 53. 
Bijl, J. P. and Korthof, G. (1930) Arch. Ilyg., 105, 29. 

Broom. J. C. (1948) J. din. Path., 1, 232 ; (1949) Vet. Bee., 61, 127 ; (1951a) Brit. med. J., 
n. 689, (19516) Mon. Bull. Mimst. Ulth. Lab. Sen., 10, 258; (1953) Trans. R Soc 
trop Med. Ilyg., 47, 273. 

Brown, II. C. (1928) Lancet, i. 388; (1035) Brit. med. J., i. 411. 

Brown, T. M. and Nunemaker, J. C. (1042) Johns Hopk. Hosp. Bull, 70, 201. 
Bcciianan, G. (1927) Spec. Bep. Ser. med. Res. Coun., Land., No, 113. 

Busquets, A. P. (1951) “Estudio microbiologico y epidcmiologico de las lepto'piro'is 
en EspaAa.” C S.I.C , Madrid. 

Cameron, G. C. and Irwin, P. A. (1929) Canad. publ. Illth J., 20, 386. 

Clayton, G. E. B. and Derrick, E. II. (1937) Med. J. Ausl., i. 647. . 

Davidson, L. S. P., Campbell, K. M., Rae, h. • ‘ ' i1 ' 

Davidson, L. S. P. and Smith, J. (1930) Q 
Dront, C. M„ Klarenreek, A., Schuffner, 

Oeneesk., 78, 5197. . 

Dunktn, G. IV. and Laidlaw, P. P. (1924-25) Ann. Rep. med. Res. Coun, Lond,p.s • 
Esseveld, II. and Collier, TV. A. (1938) Z. ImmunForsch., 93, 512. 

Fairley, N. H. (1934) Brit. med. J., ii. 10. 

Francis, E. (1932) Trans. Ass. Amer. Phys., 47, 143. 

Frey, TV (1048) Schweis. med. IVschr., 78, 531. /,qi7) 

Futari, K., Takaki, I., Taniouchi.T., and Osum, S. (1916) J. exp. Med., 23, 249, ( » 
Ibid., 25, 33. 

Gaehtoens, TV. (1933) Z. ImmunForsch., 70, 428; (1939) Ibid., 96, 287. 

Gochenour, TV 8., Yager, R. H., TVetmore, P. TV., and Hightower, J. A. 0 
J publ. Illth., 43, 405. 

Gsell, O. (194G) Schueiz. med. Wschr , 78, 237. 

Gsell. O. and Wiesmann, E. (1948) Schiceiz. med. Wschr.^ lS, 503.^ 

TV.', and Sacndz« 3, 


(2938) Ann. I« il 

Pasteur, 56, 206. „ , 93. 

IIoeden, J. van der, Halevy, C-, and D\fny, I. (1953) J ■ comp , tat , 00 , 
Hudemann, It. and Mucke, D. (1951) Z Ilyg InfellKr., 132, 292. ,,( 150 ) Cant A. 

Humphreys, F. A , Campbell, A. G., Driver, M. TV., and Hatton, C». ( 

J. publ HUh , 41, 66. . . 

Ido, Y., Hoei. 11., Ito, II.. and Want, H. (1917a) J . exp. Med.,ZO,o «. m 

Ido, Y„ Ito, H.. and «m H. (1918) J. ap. Med., 28, 435; U910) a ' 

Ido, Y., Ito, II,. Wm, H.. and Okoda, K. (10176) J. af.- 

Inada, R. (1917) J. ,*p. Med., 26, 355; (1923) IVoja Da- B*U SO, 1 n j)T. 

I naiia, R., Ido. Y., Hon, R., Kandso, H„ and Ito, H. (1916) J. arp- " 

Johnson, D. IV. (1942) Mrd. J. Ausl.. i. 431 ; (1950) Ibid., n. 7-4. 

Joshua, J. O (1949) Proc. R Soc. Med., 42, 710 , G B. d '• 

Joshua, J. O and Broom, J C (1949) 67 th. Ann. Congr. Nat tel . mea. * 

Jorge, R. (1932) Bull. Off. int. Hyg. publ., 24, 88. . „ 117 202. 

Kanbko, K., Kotor n, S., and Aoki, Y. (1935) Z. Hyg- InfektKr , ns, 

Kaneko, R. and Okuda, K. (1917) J. exp. Med , 20, 363. 

Kathe. (1928) Zbl. Bakt., 109, 284. 

Kathe, J. (1941) Med. Khntk, 37, 892. 

Kisker. A. (1935) Z. ImmunForsch., 85, 383. 



”26 Mycobacterium 

The tubercle bacilli cannot be stained by the usual staining methods that 
are effective with other bacteria, for there is a marked resistance to the pene 
tration of dyes into the cell that is associated with the presence of relam el) 
large amounts of unsaponifiable wax.'The cells may, however, be stained in 
two or three minutes by steaming carbol fuchsin or by prolonged (twenty-four 
to thirty-six hours) exposure to the dye at room temperature. Once stained, 
the bacilli are difficult to decolorize and resist the action of alcohol and dilute 
solutions of mineral acids and for that reason are termed "acid-fast.” They may 
be demonstrated in smears by the Ziehl-Neelsen method, in which the smear 
is stained with hot carbol fuchsin, decolorized with ack Lalco hoI. and counter- 
stained with a dye of contrasting color. Methylene blue is most commonly 
used but some workers prefer other stains such as picric acid, Bismarck brown, 
etc. Non-acid-fast bacilli may be observed in young cultures. 
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Fig. 145. Mycobacterium tuberculosis. Add-fast stained smear of tuberculous sputum. 

X 1050. 

More recently fluorescent microscopy has been applied in the detection 
of tubercle bacilli in sputum smears, concentrates and similar material. 1 he 
smear is stained with earbol-auramine, a solution of auramine in 3 per cent 
phenol, decolorized with acid alcohol, and examined in ultraviolet light. ieiv 
is no counterstain. The ultraviolet irradiation need not be intense and a n 
liant filament lamp with a blue ultraviolet-transmitting filter and an a 
mirror suffice for use with the ordinary microscope. 1 The tubercle bacilli re ai 
the dye which fluoresces in ultraviolet light, and appear as bn iant )' e .. 
bacilli on a dark background. The use of cresol in concentration o t e a 
interferes with the examination, for it fluoresces also. This staining m 
may also be used for tissue sections. Auramine is retained by te u 
bacillus in the same way that fuchsin is retained, i.e., by virtue o t c pr 
of the acid-fast wax mycolic acid, and bacilli rendered non-aci as 
ment with organic solvents no longer retain auramine. ^ ^ ^ 

1 For detailed discussions of the method and its application see Bicha > ^ an£ j 

Leach: Amer. Rev. Tuberc., 1941, 44.255, Bogen ibtd , 1941, 

Shaughnessy: Jour. Lab. Clm. Med., 1942, 27*531. 



CHAPTER 83 

TYPHUS FEVER AND OTHER RICKETTSIAL DISEASES 


Though epidemic typhus has been known for centuries, and has played no small 
part in determining the course of history, it was not till 1909 that Nicolle and his 
colleagues (1911) first discovered that infection was spread by the body louse, and 
not till 1916 that da Rocha-Lima (see also 1951) demonstrated the retiological agent 
of the disease, Rickettsia proicazeki. In 1907 Ricketts in the United States bad 
succeeded in transmitting Rocky Mountain spotted fever to guinea-pigs, but the 
generic relationship of this disease to typhus fever remained obscure till Wolbach 
(1925) in 1916 demonstrated the rickettsial nature of the causative agent. During 
the war of 1914-18 a new fever, referred to as Trench fever, was met with; this 
was likewise found to be due to a species of Rickettsia. A sporadic form of typhus 
fever known as Brill’s disease had been recognized for a long time in New York, » 
severer form known as Tahardillo in Mexico, and a milder form in Manchuria and 
the Far East Broadly speaking, however, up till 1925, typhus fever was looked 
upon as one of the major epidemic diseases, which in certain areas might some- 
times occur in a mild sporadic form. Rocky Mountain spotted fever and Trench 
fever were regarded as rickettsial diseases due to species of Rickettsia entirely distinct 
from that causing typhus fever. 

In 1925 Fletcher and Lesslar (1925, 1926) found that the endemic typhus fe'er 
of the Federated Malay States could be divided serologically and epidemiologic- 
ally into two different groups, one met with in the towns, the other occurring 
in country districts. Both differed in certain important respects from the classics 
type and from each other. These observations provided the main impetus or 
an extensive and detailed search in various parts of the world for other type 8 
of typhus fever. The result was to reveal the existence in several different countries 
of endemic typhus fever or typhus-like fevers many of which had previously effl 
unrecognized. . . 

We shall anticipate our discussion on the classification of the various nc r e sl _^ 
diseases of man by describing the diseases themselves, grouping them into six 
categories : the typhus fever, spotted fever, rickettsialpox , tsutsugamushi, Q e ' 
and trench fever groups. 

THE TYPHUS FEVER GROUP 

Two main varieties of typhus fever are known. The first is often referred 
as the classical type ; it is caused by R. prowazeJd, and appears ^ ^ e * nVar * • 
louse-borne. The second is called the murine type ; it is caused by • m0 
2060 
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The tubercle bacilli are gram-positive. Aniline gentian v lolct must be applied 
warm for two or three minutes. It has been suggested that the iodine solution 
plays no part in the retention of the stain as in the case of other gram positive 
bacteria and the failure to decolorize is a consequence of the acid fast nature 
of the cells. 

Non-acid-fast but gram positive granules, known as Much granules, were 
described by Much in 1907 as occurring in the material from cold abscesses 
and elsewhere in which acid fast bacilli could not !>c demonstrated but which, 
nevertheless, proved to lie infective. Considerable numbers of acid fast bacilli, 
perhaps 100,000 per milliliter, must be present, however, Iicforc there 
is a reasonable chance of finding them in smears. Much maintained that these 
granules arc viable and virulent and give rise to typical acid fast rods. They 
have been observed by others but their significance is open to question. Some 



Tir 146 Gilonics of the human vanets of the tubercle bacillus, II }7 strain, on Lnurn 
steins medium. fisc werb’ incubation X 3 


workers regard them as degeneration products or artifacts of the staining pro- 
cedure. J 

In broth cultures there is a thick, wrinkled skin of surface growth which 
tends to spread up the sides of the flask, masses of bacilli may become detached 
and sink to die bottom as a lumpy sediment. Growth on the surface of 
solid media is generallv drv and granular with nodular, heaped up areas. The 
human variety of the tubercle bacillus usually produces a pale yellow or orange- 
vellow growth on scrum-containing media and a creamy or while growth 
in the absence of scrum The hm ine variety is not pigmented on scrum media 
Some avian strains give a faint pink-colored growth on egg media A peculiar 
almond like odor is often noticeable in cultures of these bicicm 

IMisidnlngs. Tlic uilxrdc bacillus is an acrohe and will not grow under 
completely anaerobic conditions The mimmihin varieties grow lx*st at 37° 
C, and not at all Ik* low 30’’ C. or above 42° C., the optimum temperature for 
the aviin type, however, is 40 ~ C. Growth ts relatively slow, and four to six 
weeks are generally required for an ahundint growth, although minute cnlo 
ntes appear m eight to un davs Most strains of the avian tspc udvpt them 

s Cf l\*trr »•»<» Vosioi J sir , 19tS, 50 
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fresh subjects by inhalation. There is reason to believe that the virus may remain 
alive for a year or more under these conditions, and the high infectivity of air- 
borne rickettsial has been amply demonstrated by laboratory observations (see 
Lo filer and Mooscr 1942, van den Ende el al 1943). One attack of typhus fever 
confers a high degree of immunity, but immunity is not absolute. Second attach 
do occur, mainly in the older age groups, and are usually mild (von Bormann 1950) 


Bacteriology. 


The causative agent of typhus fever is Rickettsia proieazehi, first described by da 
Rocha-Liina in 1916, and later in the same year by Tdpfer (19166). Da Rocha* 
Lima observed this organism in the lice taken from 95 per cent, of typhus patients; 
it was present in enormous numbers in the intestinal lumen and in the epithelial 
cells lining the gut wall (Fig. 298). The organisms stain a reddish -purple snth 
Giemsa, are very small, of short elliptic or olive-shape, 
often in pairs, and are surrounded by a paler staining 
substance ; occasional very short, and very long forms 
up to 1*5-2 ft, may be seen. They were never found in 
lice fed on normal persons, or on typhus convalescents, 
but appeared regularly, and in enormous numbers, in 
lice fed on typhus patients. The time elapsing between 
feeding and the appearance of xickettsiae in the gut 
depended on the temperature at which the lice were 
kept ; at 23° C. no rickettsise developed at all, but at 
32° C. they appeared in about 5 to 8 days, and persisted 
indefinitely. At about the same time as the rickettsial 
developed, the lice became infective for guinea-pigs* 

It should be noted that not every louse fed on a typhus 


Fio. 298 . — Rickettsia pro- 
wazeH, contained in an 
epithelial cell from the 
louse’s mid-gut ; both 
coccaland bacillary forms 
can be seen. Magnifica- 
tion 1,200 diameteis (ap- 
prox.). (After Wolbaeh, 

Todd and Palfrey.) r „,„.. luli „ VKS , ViJ t , 

for by imperfect technique in dealing with the lice , dtfW'g 
the latter part of their work the proportion of positive results was considerably >! S 
Arkwright, Bacot and Duncan (1919) similarly concluded that rickettsiffl do not 
regularly in the excreta of lice fed on typhus patients. Whether this is due to 
in the lice, or, as seems more probable, to the relatively low infectivity of typhus 
is not known The significant point is the general parallelism that exists between 
presence of nckettsite in the louse, and the infectivity of the louse for guinea-p 1 © 


patient develops rickettsia) or becomes miecuvc. y 

Todd and Palfrey (1922), for example, working in Poland in 
1920, fed batches of 30 to 40 lice on typhus patients for ^ 
average period of 12 to 16 days, and found that, out o J- 
experiments, in only 27 did the lice develop riciettsi®. n 
a later series of experiments they also found that only a 8,1,11 
proportion of lice became infective for guinea-pigs. The ac u 
— In... nnd is nrobablv account 



R. proicazeli was cultivated by Wolbaeh and Schlesinger (1923-24) in 
cultures. Small pieces of the brain of typhus guinea-pigs were seeded 
guinea-pig plasma, and incubated in the usual way over hollow-groun s ^ 
Rickettsia were found in the endothelial cells of the vessel walls ; primary cu 
remained virulent for 8 to 15 days, second generation cultures up to ^ ^ 
The rickettsi® showed signs of multiplication within the cells , they »PP wrc 
coccoid, bacillary, and filamentous forms similar to those found in lice, 
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selves readily to culture on artificial media and in time are able to grow much 
more rapidly, but others remain slow-growing. 

The tubercle bacillus is difficult to cultivate upon primary isolation. Blood 
serum, coagulated by inspissation, was used by Koch, and this medium still 
remains one of the most satisfactory. Media containing eggs, either the yolk or 
yolk and white combined, glycerol, and sometimes dyes, are also used for 
primary isolation. Dorset's egg medium is simply whole egg mixed with a little 
water and coagulated in slant form by inspissation. PetrofPs medium, one 
which is widely used, consists of an infusion base to which eggs, glycerol and 
gentian violet have been added, and is sterilized by inspissation. Lowenstem s 
medium is more complex and contains egg, potato meal, bone marrow in- 
fusion, citrate, glycerol and asparagin. Glycerolated potato is used by the 
French workers. Corpcr s medium is glycerolated potato with the modification 
that the pieces of potato are soaked for a short time in a solution of crystal 
violet before sterilization with the glycerol solution. The dye in this and 
PctrofFs medium serves to inhibit the growth of contaminating bacteria. 

The human variety of the tubercle bacillus grows more abundantly on all 
of these media than docs the bovine variety, and for that reason it is termed 
"cugonic” and the bovine type “dysgonic.” These two varieties also differ in 
that glycerol is markedly favorable to the growth of the human type but does 
not so affect the bovine type. It is not known why glycerol exerts this favorable 
effect; attempts to substitute related compounds such as isopropyl alcohol, 
propyl alcohol, glycol, trimcthylcne glycol and inositol have not been success- 
ful. Glucose, however, acts in much the same manner as glycerol. Egg-yolk 
has been reported to contain a lipid growth factor, but this appears to stim- 
ulate rather than be essential to growth. Thiamine, pyridoxine and riboflavin 


do not stimulate growth. 

Growth occurs much more readily and upon simpler media after primary 
isolation. The human tubercle bacillus grows well upon nutrient agar or broth 
containing glycerol (2 to 5 per cent) and has been cultivated in a variety of 
synthetic solutions. One of the best known of these is Long's synthetic medium 
which contains glycerol, asparagin, citrate and inorganic salts. Dubos and his 
co-workers 3 have found that growth is facilitated and occurs diffusely through- 
out the liquid medium in the presence of certain water-soluble lipids. A me- 
dium containing asparagin, glucose, phosphate, citrate, bovine serum albumin, 
magnesium sulfate and a lipid commercially designated Tween 80 (a po > 
oxyethylene derivative of sorhitan mono-oleate), will give visible growt o 
the human variety of tubercle bacillus within two weeks. The medium 
comes inhibitor)' in time owing to the activity of lipase contaminating ovin 
albumin preparations, which liberates oleic acid to bacteriostatic concen r 
tions from the Tween 80, the effect can he eliminated by the use of commer 
crystalline bovine serum albumin, the addition of 0.01 per cent sodium uori , 
etc. The bovine type grows poorly or not at all on these media an is cn 1 
only slightly by the presence of glycerol. The avian type of tuberc e a - 
however, grows better than the human type after a few transfers ; an g ^ 
growth may be obtained on nutrient agar in the absence of glycero - 
human type, however, the avian bacillus grows much more pro us . ^ 

> Dubos- Proc. Soc. Exp. Biol. Med., 1945, 58:361; Dubos ml 1*“ E ' P ‘ ' " 
1946, 83:409, Dubos and Middlebrook. Amer. Rev. Tuberc., I5»/, ” ’ 



2064 


THE TYPHUS FEVER GROUP 


role of R. pioicazeki in typhus, and there is no longer any reason to doubt the part 
played by this organism in the causation of the disease. (For reviews of typhus 
fever, see Clavero and Gallardo 1941, Gordon 1948, Zinsser 1918, Snyder 1918) 

Murine Typhus Fever. 

The recognition of an endemic form of typhus fever in the United States, 
occurring sporadically in man, and spreading not by the louse but by the rat 
flea Xenopsylla cheopis, was due to the brilliant work of a group of American and 
Mexican workers, prominent among whom were Maxcy, Mooser and Dyer (see 
Maxcy 1926, 1928, 1929, Mooser 1928, Mooser et al. 1931, Dyer el al. 1931a, b, c, d, 
1932a, b , c, Ceder et al. 1931, Rumreich 1933). The disease is endemic, occurs 
in the summer and autumn, is commonest in seaports along the Atlantic border, 
is not associated with overcrowding, has no predilection for the lower classes, 
is non-contagious, and has a case fatality of only 1 per cent. It is caused by 
a virus, often referred to as R. mooseri, which differs in some respects from R. 
prowazeki, and which is responsible for causing an extremely mild endemic infection 
of rats. Sporadic cases in man are liable to occur in persons brought into clo«c 
contact with these animals, infection being transferred by the rat flea X. cheopis. 
The virus is passed from rat to rat by the rat louse, Polyplax spinulosus, and by 
rat fleas. The rats are never very sick, and the fleas may harbour the virus for 
over a month and recover— both circumstances indicating a well-established and 
possibly ancient parasitism (Zinsser 1937). On the other hand, there seems very 
little doubt that, under suitable conditions, the disease may become epidemic 
in man and be spread by the body louse. This is apparently what has happened 
in Mexico where, in addition to sporadic cases of flea-borne typhus, an epidemic 
disease known as Tabardillo occurs. Like classical typhus, it has its maximum 
prevalence in the winter, is associated with overcrowding, is most prevalent m 
the lower classes of the population, is contagious, is carried by lice, and has a 
fairly high case -fatality rate. 

The demonstration by American workers of the part played by the rat an< 
the rat flea in the spread of endemic typhus was soon followed by the recognition 
of the disease in other parts of the world. It is called by various local name?, 
such as Toulon typhus, endemic typhus of Moscow, Manchurian typhus, s op 
typhus of Malaya, and so on. Unlike the classical form, which is commonc^m 
temperate climates, the endemic murine form of typhus tends to be more pre'a ^ 
in warm countries. Examination of wild rats in numerous areas where the 
is endemic has shown that these animals often give a positive Wcil-Fclix reac 
to Proteus OX 19, and that they are latently infected with a murine typ ,us \! 
(Penfold and Corkill 1928, Marcandier et al. 1931, Kodama and Takahas i > 
Kodama et al 1932a, b, Brumpt 19326, Ncttcr 1932, Lepinc 1932, Law [°" 
Murray 1933, Chao-Jen Wu 1933, Kritschewski and Solowiow 193l ' S “ 

Nicolle and Sparrow 1931, Epstein and Silvers 1931, Zinsser 1937, v> o 1 ac i 
sec aho Tonking 1932-33, Rickard and Riley 1918, Freeman cl al 

Comparison of the Classical and the Murine Typhus Viruses.— The two ' 
of typhus fever, R. prmcaz'ki and R. mooseri, are very cteely I ti ,j 

stimulate the production of agglutinins acting on Proteus CM u. £ as t 3 . 

studies have often failed to elicit any difference between them (Zinsser an ^ 
neda 1930a, 6, 1932, 1934, Zinsser and Batchelder 1930, Mooser and Dumrne . 
Weigl and Hertzig 1933, Mooser et al 1934, Finlayson and Grohler 
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presence of glycerol. These cultural differences in the three types of tubercle 
bacilli arc of little significance in their early differentiation, for several trans 
fers over a period of months are necessary before they are obvious They arc 
summarized in the table on p. 642. 

The biochemical reactions of the tubercle bacilli have not been studied at 
length. Growth occurs in milk, but no visible change is produced. Indo! is said 
not to be formed. No acidity is developed in sugar broths, but it has been 
found by analytical methods that dextrose, arabinosc and sometimes sucrose 
are utilized while lactose is not Whether the oxidation proceeds to completion 
or whether formed acids arc neutralized by liberated ammonia is not known 
In glycerol broth, cultures of the bovine type become alkaline while those of 
the human tv pc become slightly add. It has been reported that the source of 
alkali is the nitrogenous constituents of the medium, and acid is produced from 
glycerol but is further oxidized All intermediate gradations occur, however, 
and no differentiation between the two tv pcs is possible on this basis 

Chemical Composition. The chemical composition of the tubercle 
bacilli has been more intensively investigated than that of any other bacteria. 
These bacilli arc of particular interest in this connection because of their high 
content of hpoidal substances which may make up as much as 40 per cent 
of the dry weight Protein, a considerable proportion of which is nudcoprotcin, 
makes up about half the dry weight and pol> saccharides arc found in relatively 
small amount * 

The lipids have been studied at length by Anderson^ and his co workers 
In addition to neutral fat. two general tv pcs of material may lie distinguished 

(n) Phospholipid, containing saturated and unsaturated fatty acids includ- 
ing the well-known palmitic, linolcic and linolcnic adds, together with two 
acids peculiar to the tubercle bacillus, p/ifboic acid, isomeric with cerotic acid, 
and tubcrcidostcanc acid, isomeric with stearic acid and optically inactive. 

(b) An acid fast wax, containing polysaccharides hydrolyzing to m.annos’c, 
arabinosc and galactose, a soft wax which is a complex glvccridc, and an tin 
saponifiable wax (acid fast) made up of higher alcohols and including a high 
molecular weight saturated hydroxvmcthoxy acid termed on colic acid, a 
higher alcohol designates! plif/noccrol. am! a Icvorotatnry fatty acid, m) c occronc 
acid. 

Some of these subsianccs appear to be physiologicnllv active. The tin- 
saponifiable acid fast wax apparently stimulates the multiplication of undif- 
ferentiated connective tissue cells, and plitboic acid induces a proliferation 
of epnbeboul cells* Whether they arc immvmologically active is not clear It 
mav Ik* noted that a yellow pigment is found m the neutral fat which is dcsig 
nated p/ifJiioto! and is a hydroxynaphllncjuinone winch may be rcversibh re- 
duced at a relatively lmv potential. 

Polysaccharide mixtures, containing immunnlogicallv active and inretive 
mi Man cvs. have liecn isolated from mammalian tulicrcle IncHli* but ibnr 
significance is not as vet understood The protein constituents of the cell apjvar 

•See live trsiOT r4 tfic pmsrm constmirntt ef the tulwrclp tiviHus I* SciItti P>«ct. 
Hev, 1941. 5*>9 

•Cf. Aivlcrv-o Pirn i 4 T.rs.. 1912. 12 UJ, Cfirtn P.rs., I94J, 2 1 * 22S. 

* Cf . Sjfim Pfissinl firs, I9J2. 12 I4|. <\m<T. Hrs luW.. foil. 44 4J5 

* See Mrmtl ar*i HriJrllwrcrr Jko (Tin. I9V», 127 221 
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Rocky Mountain Spotted Fever. 

Thi3 disease, which has been known for many years, occurs in North America 
lwo types used to he recognized : a AVestcm type with a case fatality of 70 per 
cent, or so ; and an Eastern type occurring nearer the Atlantic border with a 
case fatality of only 20-25 per cent. (Badger 1933a). Recent workers, however 
have cast doubt on this difference and tend to regard them both as one disea ’ 
(Parker 1938, AVolbach 1911). The difference in the case-fatality rate can U 
explained largely by the age distribution of the two diseases, the Western form 
being commoner in older, tlie Eastern in younger persons. Rocky Mountain 
spotted fever affects those engaged in outdoor pursuits. It has a striking seasonal 
incidence, being commonest during the summer and practically absent during the 
winter months (Hampton and Eubank 1938). The infecting agent, Rickettsia 
rickctlsi ( Dcrinaccntroicnus rickcttsi), is carried by ticks. The Rocky Mountain 
wood tick, Derniacaitor arulersoni Stiles, seems to be mainly concerned in the west 
and the American dog tick, Dcrmacentor vnriahilis , in the east (Dyer el al. 1931c). 
Some cases — usually mild — - apjicar to result from the bite of the rabbit tick llama- 
physalis Icporis-palustris, which is very widespread (sec Parker 1938); and there 
is evidence that others may follow’ the bite of the Lone Star tick, Amhlyomma 
amcricnnuni — so called from the star-shaped marking on its back — which occurs 
on dogs and cats, and which bites man in all stages of its development from the 
larva to the adult (Parker ct al. 1943). The severity of the disease varies greatly. 
In mild cases the incubation period ranges from 3 to 14 days, in severe cases from 2 
to 5 days. The fever lasts as a rule for 2 to 3 weeks. Convalescence is prolonged. 

Ricketts (1907) was successful in transmitting infection to guinea-pigs and 
monkeys. Besides showing a febrile reaction, inoculated guinea-pigs often develop 
swellings and hemorrhages of the scrotum and ears, which may go on to necrosis ; 
the spleen is considerably enlarged (see Munter 1928). The AVestern type often 
proves highly fatal to guinea-pigs. Rabbits also develop a febrile disease and 
sometimes a scrotal reaction ; introduction of the virus into the anterior chamber 
of the eye is less often followed by an acute reaction than occurs with the 
scrub typhus or tsutsugamushi virus (Lewth waite and Savoor 3936h). Rats and 
mice can be infected, but the disease pursues a symptomless course (Fuktida 1929). 

In human and animal lesions the organisms arc found with comparative ease. 
The lesions themselves resemble those of typhus, but according to Lillie ( > 

1941), endovascular proliferation, degeneration, and thrombosis tend to be com 
raoner. Moreover, in Rocky Mountain spotted fever the medial coat of the oo 
vessels is said to be affected as well as the endothelial lining (see Wolbac 
The blood vessels of the skin and reproductive organs suffer most severe y. 

The organism can be grown in tissue culture, and is distinguishe rom 
prowazeki by its multiplication in the nuclei of infected cells, where it orn \ s . 
pact spherical colonies (Pinkerton and Hass 3932). The typhus virus ^ 
only in the cytoplasm. In the tick the organism presents three orms . ^ 

intracellular bacillus-like form, without chromatoid granules, P r ® se *\ , f ortn 
the cytoplasm of the cells of the alimentary tract , (2) a sma , ro s 
with chromatoid granules, present within the cells and the nuclei o ma y 
(3) a larger lanceolate diploid form, which persists in the tissues, no a y c ^ ar . 
glands, long after the other forms have disappeared ; this la j^ c °® e in 
actenzed by its chromatoid staining reaction ; it is the on j onC c 

eggs of infected ticks (see AVolbach 1925) It may be no e 
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to be the most important immunological))- and have been studied in connection 
with the preparation and activity of the various tuberculins which are consid- 
ered in a later section. 

Resistance. Although exhibiting much the same degree of resistance to 
heat as the vegetative cells of other bacteria, the tubercle bacilli are relatively 
highly resistant to drying, chemical disinfectants and other deleterious en- 
vironmental influences, very likely as a consequence of their content of wax. 
In putrefying sputum the bacilli may remain viable For weeks or months and 
in dried sputum kept in a cool dark place for as long as six to eight months. 
Sputum that is completely dried, so that particles are capable of floating as 
dust in the air, may be infective for eight to ten days * In dried sputum they 
may survive 100° C. for an hour but are killed in the usual way by moist 
heat. Phenol penetrates the bacilli only slowly and a 5 per cent solution 
requires twenty-four hours to kill the bacilli in sputum. The action of other 
disinfectants is similarly retarded, and it may be noted that the h) r pochbrhcs 
have almost no effect on these bacteria. Tubercle bacilli, however, are readily 
killed by exposure to direct sunlight; bacilli from cultures are killed within 
two hours but in sputum may survive twenty to thirty hours of such direct 
exposure. 

Variation. The variability of the tubercle bacilli has been studied exten- 
sively, particularly in recent years, but with inconclusive results. Colonial 
variants, thought by some to be analogous to the S and R variants of other 
bacteria, have been observed, and it has been claimed by some workers that 
the S type is the more virulent, and by others that virulence and colonial mor- 
phology are independent. It may be noted that the colonial morphology of 
the tubercle bacilli is, to a considerable degree, a transient adaptation to 
environmental conditions and prompt alteration of colonial appearance results 
on transfer to a different medium. For example, Steenken 9 has observed that 
colonies growing in the presence of ether extract of egg yolk are smooth and 
markedly different from the usual colonial type, but the effect is only a 
temporary physical one. The status of the S-R variation in the tubercle bacii ! 
is, then, by no means clear as yet. 

Baalle Calmette-Gu^rin. A bovine strain of the tubercle bacillus was ren 
dered completely arimlent by Calmette, 10 who cultivated it over a long pejw 
of time (230 transfers m thirteen years) on bil e-glycerol-potato medium. !S 

strain is designated as BCG ( Bacille Cahnelte-Gnenn) and has been o par 
ticular interest m connection with active immunization against tuoercu osi • 
The nature of the change which resulted in the loss of virulence is comp ee 
unknown. The loss appears to be permanent and virulence does not Te ^PP~, 
on transfer to ordinary media, Petroff,” however, has separated rough an 
“smooth" variants of BCG, and the "smooth 5 ' type proved virulent or gui 


Life Cycles. The pleomorphic tendencies of the tubercle bacilli, coujl 
8 For example, see Smith: Amer. Rev. Tuberc., 1942, 45. 134 
3 Steen ken Amer. Rev. Tuberc, 19-40, 42:422. a/ll ] AnirnaU 

MCf. Calmette. Tubercle Bacillus Infection and Tuberculous i« 

(transIO* Williams & WiiJuns Company, Bshimoje. 1923. . ^ Steenbcn: 

n Petroff Proc. Soc. Exp. Biol. Med., 1927, 2-4:632, Fetroff, 
tbtd., 1927, 25 14. 
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different ticks —Amblyomma hebrceum, Rhipicephalus appendiculatus, and Boophilus 
decoloratus—andhy all stages of the dog tick, H amaphy salts leachi (see Gear 1941). 
The virus gives rise to a mild fever in guinea-pigs, with little or no scrotal reaction! 
It can apparently be cultivated on the chorio-allantoic membrane of the developing 
chick embryo (Alexander, Mason and Neitz 1939). According to Pijper (1936) no 
cross-immunity exists between tick-bite fever and fievre boutonneuse, and according 
to Pijper and Crocker (1938) there appears to be little relation between ticlc-bite 
fever and Rocky Mountain spotted fever. Both of these conclusions, however, 
are disputed by Mason and Alexander (1939a, 6), who regard tick- bite fever as 
a member of the spotted fever group, and suggest that the virus should be given 
the varietal name of pijperi. 

North Queensland Tick Typhus. 

This disease, which was described by Andrew, Bonnin and Williams (1946), 
resembles a inild form of Rocky Mountain spotted fever. It is characterized by 
an eschar at the site of the tick bite, regional adenitis, general adenopathy, fever 
lasting as a rule about a week, a rash appearing on the 3rd or 4th day of the fever, 
and the development of agglutinins to Proteus OX 19, less often to OX 2 Mice 
and guinea-pigs are susceptible. In guinea-pigs injected intrapcritoneally there is 
a hemorrhagic scrotal reaction. The agent can be grown in the yolk sac of the 
developing chick embryo, and in tissue culture. Growth occurs in the nuclei as 
well as in the cytoplasm (Funder and Jackson 1946). Rabbits injected with tunica 
suspension from infected guinea-pigs develop complement-fixing bodies to R. 
rickettsi, but both by complement-fixation and by cross-protection tests in guinea- 
pigs the organism appears to differ from any of the known members of the spotted 
fever group (Plotz et al. 1946, Lackman and Parker 1948). 


THE RICKETTSIALPOX GROUP 

Rickettsialpox was the name given by Huebner, Stamps and Armstrong (1946) 
to a febrile disease resembling chicken-pox occurring in epidemic form on a large 
housing estate in the borough of Queens, New York City. The disease was recog 
mzed in other parts of New York City (Greenberg et al. 1947), and later in Boston 
(Fuller et al. 1951), One probable case was recorded in French Equatorial Africa 
(Le Gac and Giroucl 1951) The causative organism, R. akari, is carried hy a . m j^’ 
Allodci manyssus sanguineus, that infests house mice (Slits mutcuhts). ’mica y, 
a papulo-vesicular lesion occurs at the site of the bite, accompanied by cn argemen 
of the regional lymphatic nodes Three to ten days later a remittent fc' cr ( c\ c op , 
lasting for less than a week. Within a day or two of its onset, a genera ize P^P 
vesicular rash appears, and persists until shortly after defervescence o/fatal 
local lesion remains as a black eschar for several weeks. The disease is n° 


and for this reason little is known about its pathology. -^ u ““o • t : on of 

organism can he isolated from the patient’s blood by intrapentonca mj ^ or 
mice Passage from mouse to mouse is possible by inoculation o ncr, p 
brain The organism can be cultivated in the yolk sac of the ,e J T ®^ v ®j e8cent 
embryo. Complement-fixing bodies are present in the scrum i m j ce 

patients The organism may also be isolated from naturally . jn thc j r 

(Huebner et al. 1947), and complement-fixing bodies may be < en 


During the fever the 
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with the occurrence of non acid fast rods in voung cultures and the granular 
elements described by Much, hate been interpreted by a number of workers 
as indicative of a cyclic succession of morphologic types, or life cycle, through 
which these bacilli go. As pointed out in an earlier chapter (Chap. 6), the 
evidence for such developmental cvcles is not definitive but rather a matter of 
interpretation. Whether swollen, misshapen cells, filamentous or branching 
forms and gtanular elements, such as those described by Much, are to be 
regarded as sexually reproducing forms, gonidta and the like, or as products 
of degenerative changes is as yet purch a matter of opinion It may be noted 
that the objective evidence of micromotion pictures does not support the as 
sumption of a complex life evde in the development of the tubercle bacilli.' 2 

Filterable Forms Associated bv some with the concept of life cycles is that 
of the existence of tubercle bacilli in a filterable form or "ultravirus." There 
seems to be little doubt that some cultures or preparations of tubercle bacilli 
contain forms that may pass diatom.iccous earth or unqhzcd pnrcchm filters, 
but whether these arc dwarfed bacilli or fragments of bacilli with the power 
to regenerate, or whether thev represent a distinct “phase" in the life history 
of the microorganisms has vet to be determined 

Pntlioponicity for Man. In the United States in 19-15 there were 106,716 
cases of all forms of tuberculosis, and of these 65,8-43 were cases of pulmnnarv 
tuberculosis Tuberculosis is among the first tbrec leading causes of death in a 
relatively large portion of the life span ( 15 to -49) and holds first place in the 
15-34 age group, second in the 35-39 age group, and third in the 40-49 
group In 1939-41 it accounted for 10 4 per cent of the white male, 22.9 per 
cent of the white female. 28 8 per cent of the non-white male and 37.8 per 
cent of the non-white female deaths n Tuberculosis is clearly one of the great 
killing diseases of mankind 

The mammalian tubercle bacilli, both bovine and human varieties, are 
pathogenic for man The hum in tv pc is practically always responsible for pul 
monnry tuberculosis in adults and is usuallv found in children also The 
Ixmnc variety mav occur occasionallv in pulmonary tukrculosis in children 
but is more often found in infections of other tissues More than half of 
the cases of cervical adenitis anil abdomini! tuberculosis in children arc infec- 
tions with the bovine tulierde bacillus, and it has lxx*n estimated (1910) that 
this ivjk* was responsible for 6 to 10 per cent of the deaths from tulieriulosis 
in voting children the percentage is prohibit- lower now as a result of de- 
creased incidence of utk-rcitloMs in cattle in this country. Bovine tulierculosis 
IS. then, a slight, possibly a negligible, factor in adults but is a serious matter 
in children tinder five tears of age. Mi vet! infections with the two types of 
tubercle bicilli have Ixvn reported but are rare. 

I be at i in tukrclc bicilltis is. for all practical purjx*es. non pithogenu 
(or min although a few instance's of bum in infection, including pulmonirv 
tuberculosis, hive been reported. It has Ivrn supposed bv u>me tbit I Imlglm* 
dive iso a gr inulom items inflammation of the lymphidriwm! tissues of the 
l«*dv is an infection with avtJii tiilx-rcle hicilli. hut this apprin not in lx* true 

ibirins of Infuliott Hie tubcule bacillus mtv enter the l*x!v bv way of 

'•WsA.fl ,\mn Ufs.Tu»«-rc. 1«H4. 29 W, 

II VnU'lu’n', Ili!Ir1«x- ami pjj"-rt I’uli llo'-h P.rjxi , S' 1457. 



2070 


THE T 8UTSUGAM USUI GROUP 

field rat, 3Ius diardii (see Zinsser 1937), appear to constitute a reservoir of infection 
fot the mite vector, Trombicttla deliensis. 

The viruses of these three diseases all closely resemble each other in being 
comparatively non-infective for guinea-pigs, in producing an inapparent infection 
| n white rats, in causing a severe reaction in the rabbit’s eye after intra-ocular 
injection, and in giving rise to a local necrotic lesion accompanied by fever on 
intradermal inoculation into the monkey. The serum of convalescent monkeys 
and rabbits agglutinates Proteus OX K but not OX 19. The serum of conva- 
lescent patients behaves similarly, though the serum of tsutsugamushi patients 
is said to agglutinate Proteus OX K to a lower titre than that of scrub fever or 
mite fever patients (Wolff 1931a, Kawamura cl al. 1935). Cross-immunity experi- 
ments in the rabbit indicate the very close relationship of the three viruses to 
each other (see Nngayo el al. 1930, Kawamura and Imagawa 1931, Wolff 19316, 
Kouwcnaar and Wolff 1933, 1931, 1935, 1936, Wolff and Kouwcnaar 1933, Lewth- 
waitc and Savoor 1931, 193Ga, 6). Kouwcnaar and Wolff (193G) are of the opinion 
that mite fever and tsutsugamushi can be distinguished by monkey inoculation. 
The observations, however, of Lcwthwnitc and Savoor (193GJ, 1910a) seem to 
leave little doubt that there is complete cross-immunity between the three diseases. 
Some of the discrepant observations can probably be explained by the antigenic 
heterogeneity of R nipponica. If we accept the essential identity of these three 
diseases, we must follow Lcwthwaitc and Savoor (19106) in giving up the terms 
“ scrub typhus ” and u mite typhus ” in favour of the general term tsutsugamushi 
(dangerous or disease mites). 

During the 2nd world war tsutsugamushi was widespread among the Forces in 
the Far East Three major explosive outbreaks occurred when troops occupied 
heavily infested ground. The case-fatality rate varied greatly, ranging from 0 6 
per cent in the Owi-Binh outbreak to 35-3 per cent, in one of the smaller outbreaks 
on Goodeiiough Island (Philip 1918). The disease has a wider distribution than 
was originally thought. It occurs in jiractically all parts of India, in Burma, 
Indo-Cluna, Malaya, Sumatra, Borneo, Java, New Guinea, the Solomon Islands, 
Formosa, and parts of China and Japan. Cases are seen throughout the year, but 
m Assam and Burma they tend to be concentrated about the beginning and cud of 
the monsoon Both Trombicttla ala ninth i (nkamushi = red mite) and Troinhcu a 
deliensis are known vectors, the latter being the more widely distributed. Pro° 
of the part played by T deliensis in the spread of the disease was brought by Mac te 
and Ins colleagues (1916) and by Knshnan and his colleagues (1949), who not ony 
isolated R nipponira from the mites in nature, but by rearing the larv® in e 
laboratory were able to demonstrate the transovari.m passage of the in ec ion. 

- infected 

e natural 
It to say. 

Observations on experimentally infected human volunteers snow eu that ^ 
incubation period of the disease is 8-10 days, that immunity to infection ni 
homologous strains of R nipponica is fairly lasting, but that persons coma es^ 
from infection with one type may be infected after a short time wi i » 
belonging to a heterologous type (Kawamura el al. 1939, Smadel, Ley e a . 

For further information on the bacteriology and pathology “ f ‘^"^““^aite 
reader is referred to papers by Ogata (1931, 1935), Nagayo etal (193 ), 
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the genito-urinary tract, the conjunctiva, the skin, the alimentary tract and the 
respiratory tract. Primary infection of the genito-urinary tract is possible but, 
under natural conditions, rarely occurs. Infection through the conjunctiva 
takes place readily under experimental conditions; its frequency under natural 
conditions is not known, for the cervical lymph glands, where the infection 
would first appear, are readily infected by other channels. Infection through 
the skin is relatively rare; whether the bacilli can penetrate the intact skin is 
uncertain, but they may enter through abrasions or other traumatic injuries. 
Primary infection of the skin generally results in verruca tuberculosa (patholo- 
gist's wart) or lupus vulgaris. 

Primary infection by the alimentary tract is a consequence of the ingestion 
of tubercle bacilli in infected food, most commonly milk, and occurs with con- 



Fig. 147. Tubercle bacillus. Acid-fast stained smear of pus from a Iher abscess in a 
rhesus monkey. X 1 050. 


sideruble frequency in children. Secondary infection may occur, especia y 
in children, by swallowing tuberculous material of respirator)' origin. In t ic 
upper portion of the alimentary tract the bacilli enter the body tissues t roug 
the faucial, pharyngeal and lingual lymphoid follicles and first afreet t ic uppe 
cervical and retro-pharyngeal lymph glands. Tuberculous lesions of t c fon ’ 
it may be noted, are not infrequent though rarely conspicuous. 1 he stom 
is rarely a portal of entry, but the bacilli penetrate the intestinal mucosa 
way of Peyer’s patches. 0 c 

The respiratory tract is the most frequent and most importan *° , 

infection with the tubercle bacillus. The coarser infectious partic es in n 
air are filtered out and deposited on the nasal, buccal and pharjngea s 
and the bacilli, upon penetration, set up focal infections in the oca > , 

tissue. Fine droplets or particles of dust, however, may, an teq 

en Thl%Tafot?«!lc,io» ,» the Body. Tubercle bacilli « 
through the body from primary or secondary foci of infection > s ' ur /j ce s, 
lymph, the blood stream, or directly by extension along con ig 
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holocyclus, transferred infection from bandicoots to cattle, and thus led to infection of the 
cattle tick, Boophilus annulalus ; that the cattle tick excreted the rickettsfe in its feces; 
and that the dried cattle tick faeces were inhaled by man, so explaining the frequent occur* 
rence of pneumonitis as a primary symptom of the illness (Burnet 1942). (For a renew 
of the disease in Queensland, see Derrick 1944.) 


The discovery of the disease in the United States was due to Davis and Cox 
(1938) who, in 1935, demonstrated a filter-passing agent in wood ticks, Dermacentor 
andersoni, collected near Nine Mile Creek, Montana. Parker and Davis (1938) 
described its experimental transmission by the tick. Dyer (1938) reported the 
occurrence of infection in a laboratory worker, and later (1939) pointed out the 
close relationship of this disease to the Q fever of Australia. The American virus 
is said to be more virulent for laboratory animals than the Australian virus, but 
there appears to be complete cross-immunity between the two diseases (Dyer 1939). 

During the 2nd world war the disease occurred fairly extensively in the Mediter- 
ranean area. At least eight outbreaks resembling virus pneumonia were recognized 
among allied troops in Italy, Greece and Corsica during the winter and spring of 
1944-5 (Robbins et ah 1946, Caughey and Dudgeon 1947). The incubation period 
was estimated at 19-20 days, with a possible range of 14-26 days. The mode of 
infection was not ascertained with certainty, but some of the outbreaks were 
explosive and seemed to be associated with the inhalation of dust from hay or 
straw. The disease was studied in Greece by Caminopetros (1948), who found that 
both sheep and goats suffered from the infection, and that they excreted the 
organism in their milk during the whole of the lactation period. 

After the Avar outbreaks of the disease in the United States were recognized 
among stockhandlcrs and slaughterhouse workers in Texas (Topping et al. I9U) 
and Chicago (Shepard 1947). Later Q fever was found to be widely endemic m 
California. Epidemiological investigations showed that in northern California the 
disease was associated with sheep and goats, and in southern California with catt 
which were found to excrete the organism in the milk (Shepard and Huebner 194 , 
Huebner et al 1948, Lennettc el al 1949, Bell et al. 1950). Judging by the fre- 
quency of complement-fixing antibodies in the blood, Bell, Beck and Hue ncr 
(1950) estimated that probably over 50,000 persons in southern California a 
suffered from Q fever during the preceding few years. In south California ^ 
incidence is highest among dairy workers, stockworkers, and those dnn mg 
milk. Undoubtedly man often becomes infected through drinking raw mi ^ 
another source appears to be the parturient cow whose placenta contains enori ? , g 
numbers of rickettsiae (Luoto and Huebner 1950). In north California ra< j?^ ac j 
cases occur among males and most, but by no means all, have a history o co 
with domestic livestock. The inhalation of infected dust, in which nc 'cttsizc • ^ 
been demonstrated (DeLay et al 1950), is supposed to be the common } 

infection. In Great Britain infection of human beings is main!) 
cattle, though sheep may play a small part (Marmion el til. 1053, „ JndodinB 

The disease has now been recognized in several parts of the * ,. m | on 
many countries of Europe such as Great Britain (MacCallum et a ■ ’t • 
cl al. 1953, see also Slavm 1952), Switzerland (Gscll 1948), German) 195 I), 
Germer 1018), Yugoslavia (Murray et al 11)51), Portugal (Fonseca cl s 
France, Spain, and Turkey, and in South America. Numerou Derrick 

occurred Long laboratory workers (Bobbins et al. 1916, Huebner 1917, ™ 

1953). 



Pathogenicity (or Man 63 ? 

Distribution via the l>mphatics occurs more readily in children than in adults, 
and the bacilli may localize at almost any point but most common!) m the 
lymph nodes. Bacilli present in the thoracic duct ma>, of course, gain cn 
trance to the blood stream. The blood stream may also be invaded direct!) 
through erosion of a vessel wall by a focus of infection The bacilli arc trans 
ported throughout the body by the blood and give rise to acute miliary or 
chronic disseminated tuberculosis. Spread by extension occurs most frequent!) 
in ulcerative pulmonary tuberculosis with the breaking down of foci of infec 
tion and the consequent presence of bacilli m the sputum The pleura and 
pericardium may be invaded directl) from a focus of infection in the lungs 
The infection of such serous surfaces ma) be localized and fibrinous and result 
in adhesions, or may assume an acute miliar) form Direct extension may also 
occur elsewhere, as from the hidnc)s to the ureters and bladder, or into the 
peritoneal cavity and adjacent areas from intestinal ulcers 
It will be clear tlut practically ever) 1 organ and tissue of the body may be 
invaded by the tubercle bacillus Not all arc invaded with equal frequency, 
however Tuberculosis in man is most commonl) the pulmonary form with a 
primary invasion of the apices, and over 90 per cent of the deaths from 
tuberculosis arc due to the pulmonary type Whether primary infection is a 
direct consequence of inhalation as believed by Koch, or whether it is in most 
cases of hematogenous origin following a prehmtnarv infection of the lymphatic 
svstem as urged by Calmette, is not altogether clear, hut on the whole the 
evidence favors inhalation infection Although pulmonary tuberculosis is b\ 
far the most common form of infection in adults, it is somewhat less frequent 
in children, but precisely how much less is not known with certainty. Pul 
monary infection in children difTcrs from that in adults in that the hiltim glands 
arc involved. Involvement of the Ivmphatics is frequent in children The an i 
tomicnl distribution of the lesions usually takes one or the other of two well 
defined forms, in the one the lesions arc found predominant!) in the tracheo 
bronchial lymphatics, and in the other in the mesenteric l)n»ph nixies In 
general, children show j tendency toward generalized infection. In 19-15 
92 per cent of deaths were From respirator) tulicrculosis. and the remaining 8 
per cent from other forms of the disease. 

Other tissues and orgins arc involved less frequcntlv The spleen, liver and 
kidnevs arc sometimes infected Tuberculosis of the adrenals gives rise to 
\dd ison's disease. Infection of the sktn or lupus is not uncommon Bone and 
joint tulicrculosis is more common in children than in aduhs, and tulxirculnus 
meningitis is not infrequent in the voung It will Ik* clear that IuIktciiIous in 
fcctmn ma\ talc a vanetv of clinical forms 

The Tubercle. lesions caused by the mIktcIc bacillus, in whatever put of 
the lxxk thev occur, mu illy possess a definite although not alisolutrlv chirac 
t eristic appearance and histological structure. Smill mxhilcs or tulicrclcs, 
plunk visible to the naked eve, arc so uniformly o!*scrvrd in all advanml in 
lections with the ttibervle bacillus that their presence has given the nime to 
the disease. The voting ttdx*rclc probably originates from the fixed cells stir 
rounding the invading bicilli By the proliferation of the fixed ctlls. elongitcd 
“epithelioid" cells arc developed In more or less definite cnncmtnc lasers and 
come to form the sulntmoe of the ttil«ercle. Socalled "gi mt cells" or "foreign 
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be transmitted by passage to fresh animals (da Rocha-Lima 19206). The intra- 
dermal injection of 0-1 ml. of a suspension of infected louse intestines into a rabbit 
causes a local reaction characterized by redness and infiltration on the 2nd day 
The reaction is less severe than that earned by It. proicazeki, which often goes on 
to necrosis, and is neutralized by the serum of a patient convalescent from trench 
fever (Bieling and Oclrichs 1948). Unlike animals, human beings are almost all 
susceptible to the disease. One attack seems to produce only a partial and limited 
immunity ; a certain proportion of patients who have recovered from one attack 
may be reinfected by inoculation of blood or of louse excreta 4 or 5 months later 
(Bruce 1921). 

In 1916 Topfer (1916a) described the finding of small short rods, often arranged 
in pairs and often showing bipolar Btaining, in lice taken from trench fever patients. 
The rods were shorter and thicker than those seen in typhus, wero present in 
enormous numbers, and were often arranged in heaps. Topfer fed lice on 7 trench 
fever patients, and found these bodies in lice taken from C of them ; they did not 
appear till the 5th day after feeding, but from the 8th day onwards they wero 
found in large numbers. They were never observed in lice fed on healthy porsons. 
These bodies are now known by the name of Rickettsia quintana. 

Topfcr’s findings have been confirmed and amplified by a number of workers. Ark- 
wright, Bacot and Duncan (1919-20) found that rickettsice appoared in lico 6 to 12 days 
after feeding on tronch fever patients, and could be demonstrated in the excreta up to 
the death of the louse. Not all lico became infected at the same time ; after feeding 
on a patient, only a few lice were found to be infected by the end of the 1st week ; during 
the 2nd week the numbers infected and uninfected were about equal, but after the 2nd 
week the majority showed rickettsice. The organisms were found in largo numbers crowd- 
ing the region of the epithelial cells lining the gut ; they wero always oxtracellular in 
position. In any given batch of lico rickettsice developed at about the samo timo as the 
louse’s excreta became infective — as judged by human inoculation. Moreover a very close 
correspondence was found between the presence of rickettsice and the infectivity of the 
louse, and the absence of rickettsice and its non-in fectivity. Rickettsice wero almost 
invariably found in batches of lice fed on trench fever patients, but only very rarely when 
fed on normal persons — one positivo result out of 245 specimens. 


Rickettsia quintana has never been demonstrated satisfactorily in man, and 
until this has been done, and until the organism has been grown in tissue culture 
or the developing chick embryo, it will be impossible to be certain that it is t ic 
cause of trench fever But the observations just quoted on lice strongly suggest 
that this organism is responsible for the disease 


The remarkable observations made on himself by Bacot (1021) lend suppor o 
view. Bacot went to Poland in February, 1920, with the Typhus Research < 

taking his own stock office with him— a stock that had been under his persona o w 
and fed upon himself exclusively since November, 1915. During the who e o i ^ 
rickettsial had never been demonstrated in theso lico. In April, after visi mg ® . 
house in Warsaw, ho contracted trench fever. Eight days later, ho recommen ^ 

his bco; rickettshe indistinguishable from It quintana began to appear, an 
12th day onwards all the boxes of lice proved to bo heavily infec • . q/ 


12th day onwards all the boxes of lice proved to bo heavily mice . . 

remained infective for at least 3 months after tho clinical termination o which 

- 7 per cent, proved to bo infected with r*ckc«<u.v, 

1 winch were indistinguishable from It ‘ ^n, 

,I.Iy bco™ infet«l tom .pp-^My 
who had some timo previously suffered from trench fever. Tho impor anco o 
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body gum cells" soon appear in the developing tubercle which are huge multi- 
nuclear masses of protoplasm thought by some to be especially distinctive of 
true tubercle formation, though it is doubtful if this criterion can be main- 
tained. Either they arc produced by die fusion of a number of macrophages 
or they are of single-cel! origin. While the formation of epithelioid and giant 
cells is going on, leucocytes, at first polymorphonuclear leucocytes and later 
lymphocytes, cluster around the periphery of the tubercle. Degeneration of 
the tubercle eventually sets in, the central portion becomes necrotic, and this 
is follotved by caseation and then by softening of the caseous mass. 

In some cases calcium salts are deposited in the tubercle (calcification), con- 
verting it into a hard, dry, friable body which may become encapsulated and 
completely walled off from the surrounding tissues. In other instances, how- 
ever, this healing process docs not take place, and there is instead an extension 
with coalescence and the formation of confluent masses that may reach a 
diameter of 4 or 5 cm. The erosion of a blood vessel may occur, and the dis- 
charge of large numbers of the bacilli into the blood stream leads to a general 
diffusion of small tubercles of the size of millet seeds (acute miliary tuber- 
culosis). 

The early stages of tubercle formation, characterized by cell proliferation 
and leucocytic infiltration, are probably a response to a chemical or mechanical 
stimulus caused by the presence of the bacilli; the later changes, leading to 
necrosis and caseation, may be attributed to the action of the bacterial products. 
The host becomes sensitized to the bacillary substance and the allergic re- 


sponse of the tissues is involved to no smalf extent. 

Predisposing Factors. Few diseases arc as completely dominated by pre- 
disposing factors as tuberculosis Infection with the tubercle bacillus is ex- 
ceedingly common, and there arc few adults, particularly those living in cities, 
who escape. The proportion of individuals coming to autopsy who show evi- 
dence of infection is very high and has been reported as high as 97 per cent^ 
Of the more recent reports, for example, Siveany, Levinson and Stadnichenko 
have found 25 per cent of ten-year-olds, 55 per cent of twenty-year-olds, 80 
per cent of thirty- year-olds, and over 90 per cent of individuals over fifty years 
of age show calcified lesions of infection The bacilli, then, are present in 
the great majority of adults and also in many children, but the development 
of clinical tuberculosis is restrained by the non-specific resistance of the lost 
Predisposing factors, therefore, are those which tend to interfere with norma 
physiological well-being and include such things as insufficient or unsu* ^ ® 
food, prolonged e> 

In the first World ' 

and other countries, and in the second World War the same iwiuluv 4 
again apparent m England. 5 *' In both man and animals tuberculosis is a 
associated with confinement, of men in houses and cattle kept m s * 
opportunities for transmission of the infection are, of course, muc \ gr 
community life. . . . i a us tv 

There is a marked occupational predisposition to tuberculosis 1 an 

trades, and the constant inhalation of almost any kind or dust r 
i* Sweany, Levinson and Stadnichenko- Amer. Rev. Tuberc., 19-13, ^8 * 

1S Med. Res. Council (Great Britain), Spec. Rept. Ser., No. , • • 
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increased incidence of pulmonary tuberculosis Silica dusts, however, appear 
almost specifically to predispose to tuberculosis and the incidence of infection 
in those constantly exposed to such dusts is much higher than that in the 
general population. 

It has long been suspected that there ,m familial or hereditary tendencies to 
tuberculosis in man. Resistance to infection in experimental animals is to 
some degree genetically determined, as pointed out elsewhere (p 217.1, hut 
the conclusive demonstration of a similar phenomenon in man is difficult owing 
to both a long generation time and the in ibiht\ to earn out appropriate breed 
ing experiments. The incidence of new infection in tuberculous families is, 
of course, considerably greater than in the general population, but whether this 
is a consequence of increased risk alone or in part of genetically determined 
factors is not clear. In any case the disease itself is not inherited and congenital 
tuberculosis rarely if ever occurs. 

The relation of childhood infection to clinical tuberculosis in the adult has 
been a matter of considerable interest, and it lias been suggested tint pul 
monary tuberculosis of the young adult may, in many instances, be a con 
sequence of the lighting up of an old infection The evidence, however, is 
against this view, and it is probable that tuberculosis in the adult is a am 
sequence of reinfection rather than of a flaring up of the healed or jurttally 
healed lesions from childhood infection It is to be noted, however, that a con 
siderablc period of time, possibly vears in some instances, may elapse between 
reinfection and the appearance of tulierculosis in clinical form 

Bacteriological Diagnosis of Tuberculosis. 1 '’ Tubercle bacilli are chs 
charged from the infected individual in sputum and urine and may bo demon- 
strated in these materials, and in gistric washings, spinal fluid or infected 
tissues, depending on the location of the mlection. Of specimens from these 
sources, those obtained b) gastric lavage are of particular value in respirators 
tulierculosis in children, who tend to swallow sputum, and are also useful m 
adult infections. Results must lie interpreted with caution because of the pres 
cnee of saprophytic acid fast bicilli in the gastrointestinal tract derived from 
the ingestion of foods, especially fruit, on which these forms occur, further 
more, there is some reason to believe that some fats and oils may mi put acid 
fast properties to ordmari )y non-acid fasi bacteria present in the alimmun 
tract. The presence of the bacilli may lie shown either directly or after am 
centration by examination of stained smears, culture and guinea pig morula 
non- 

As a rule, some method of ainccritration is desirable, for not less thin 100, 
000 bacilli per ml. must he present before there is a reasonable elunev of find 
mg them bv microsaipic examination Because of the unusual resistance «>f the 
tuIxTclc bacillus, the infected material can he treated with an rqmi volume 
of 3 per cent sodium livdmxidc. or with antifornun (n pmpmtarv preparation 
of hypochlorite) in final concentration of IS per cent for fifteen to tlnm 
minutes without killing them ‘Hie digested mitrrid is neutralized in the case 
nf alkali treatment, centrifuged. and the sediment used for the preparation of 
smears and to in«ctilitr guinea pigs and culture main Cliemic.il flotttil itnm 
ilic minimum lab vat rr tundanh wt up l<v the Arrrrx jn Irulrm S>Btrtv, 
Risen m technical detail. w«* Amrr. Ho a? Jfil 


<1 
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In practice it is wise tb work with suspensions prepared from a non-motile Proteus X 
1J strain so as to avoid confusion caused by flagellar agglutinins. For this purpose the 
alcoholized suspensions preserved with formalin, described by Bridges (1935, 1944) and 
msued in this country by the Standards Laboratory for Serological Reagents at Colindale, 
are most suitable. Agglutination of a non-motile strain, or the small.flake typo of aught’ 
tination of a motile strain, is best referred to as agglutination of Protests OX 19. °The 
test itself is usually carried out by the tube method, but for rapid diagnosis and in epi- 
demiological surveys the slide agglutination method may be used (see Eyer and Orutzner 
1940, Steuer 1942). The inclusion of a control test made with a standard agglutinating 
serum is to be recommended (Felix 19501 


So far we have been considering the diagnosis only of the typhus group of 
fevers by the Woil-Felix test. A modified form of the test is, however, of value 
in the diagnosis of tautsugamushi and of the spotted fever group. 

Fletcher and Lesslar {1925, 1926), studying the endemic typhus of the Federated 
Malay States, observed that the Weil-Felix reaction to Proteus OX 19 was positive 
in some cases but not in others. Wondering whether their strain of Proteus X 19 
was losing its agglutinability, they tried a fresh strain that had been brought 
out to the Straits Settlements by Dr. Kingsbury from the Middlesex Hospital. 
This strain, which may be referred to as Proteus X K, was found to be agglutinated 
by the sera of patients which failed to react with the X 19 type. It was further 
observed that sera which reacted to OX 19 did not agglutinate OX K. There 
was clearly some distinct serological difference between the two groups of typhus 
cases. The Kingsbury strain, it may be noted, was reputed to.be a strain of 
X 19, but undoubtedly differed from this type antigenically. Further work (see 
also Fletcher 1930, 1932) showed that the typhus patients whose blood agglutinated 
OX 19 were to be found mainly in urban areas, particularly in shops and store- 
houses, whereas those whose blood agglutinated OX K came from country districts, 
especially places where rank grass and scrub had grown up on land which had 
been cleated of jungle. Fletcher referred to the former type of typhus as urban 


or shop typhus, and to the latter as rural or scrub typhus. 

We have already described how the urban or shop typhus is carried by rats 
and is of the ordinary endemic murine type, whereas rural or scrub typhus appears 
to be identical with the tsutsugaraushi disease of Japan. Further experience has 
confirmed the value of the agglutination of OX K in the diagnosis of the tsutsuga- 
mushi group of fevers. Proteus OX K tends to be agglutinated more often an to 
a rather higher titre by normal sera than OX 19 (see Report 1942). Special care 
has to be exercised in the preparation of the suspension (Bridges 1914). . 4 is 
is properly controlled and other sources of error are excluded, complete agglutination 
in a final dilution of the patient’s serum of 1/200 or a rising titre can genera y e 
accepted as diagnostic of active infection (Felix 1944). 

A strain of Proteus X corresponding to the virus of the spotted fever .grp 
has not yet been discovered, but a reaction, often not appearing till la e m 
second week, may occur with one or more of the Proteus OX 19, *'» or , 

strains. Davis, Parker and Walker (1934) found that 77 per cent, of «« 
between the 10th and 32nd days of illness agglutinated Proteus OX 1 J 
or over ; when two samples were taken at suitable intervals, 9a per cen • 
proved positive. According to Davis and Parker (1938) a relatively high ^ 
and a relatively low OX 2 titre is the most frequent combination ■ () , 

a result, or agglutination of OX 19 alone, may be due to typhus fever, on 
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with alum or ferric chloride is desirable with specimens such as urine or 
spinal fluid, and may be applied to digested material to facilitate spinning out 
of the bacilli. A flotation method of concentration may be used which consists 
of dilution of the digested material with water and si, airing with a hydmarboa 
such as xylol or gasoline; the creamy layer separating out on standing is 
smeared and stained. 

Smears are usually stained by the Ziehl-Ncclscn method; fluorescent micro- 
scopy is of sufficiently recent development that it is not yet widely used though 
it may well become generally adopted. The demonstration of acid-fast bacilli 
allows a provisional diagnosis but does not indicate whether the bacilli were 
viable, or whether they arc virulent tubercle bacilli. Their presence in urine 
specimens in particular must be interpreted with caution because of the fre- 
quent occurrence of the smegma bacillus which is also acid-fast. 

Guinea pigs are inoculated in the groin or in the muscle of the thigh. If a 
reasonable number of tubercle bacilli have been inoculated, enlargement of 
the regional lymphatics may be noted in two or three weeks, the pig becomes 
emaciated by four to six weeks and usually dies not long after. With very small 
numbers of bacilli evidence of the infection may be delayed two or three 
weeks longer. If it is not obviously ill or docs not die, the animal should be kept 
for eight weeks before sacrificing. At autopsy the regional lymph nodes will be 
found to be enlarged and filled with caseous material. Necrotic areas in the 
spleen and liver are characteristic of the gross pathology in this animal; tu- 
bercles are seldom seen, and the lungs are only slightly affected and the 
kidneys almost never. Tubercle bacilli may be cultured from the lesions and 
found in acid-fast-staincd smears. Some workers tuberculin-test the animals 
before inoculation and three to four weeks afterward, the development of a 
hypersensitivity indicating infection. If differentiation of the human ana 
bovine varieties of the bacillus is desired, rabbits may be inoculated. 

The culture of tubercle bacilli, carried out concurrently with animal inocula- 
tion, is becoming quite general and some workers feel that it is as sensitive 
as guinea pig inoculation. As indicated earlier, a variety of media, containing 
glycerol and egg, may be used, the particular medium varying from one 
laboratory to another, A slant is inoculated heavily with the sediment from the 
digested specimen and, after flaming, the plug is pushed into the tube to 
leave about 5 mm. empty space above it and warm paraffin poured in to a 
depth of 2 to 3 mm., allowed to harden and a second application made. A ter 
this hardens a hole is punched through to the plug, allowing an adequate gas 
exchange while preventing excessive dehydration of the medium. Charac 
istic colonies of tubercle bacilli appear after about three weeks tncu a 10 . 
The liquid medium of Dubos is probably the most sensitive providing that tne 
hpase present in the usual bovine albumin preparations is eliminate . 
and Davis 17 have reported that inoculums as small as two cells grow 
Preliminary tests with tuberculous specimens have given suggestive ; 
Culture is not identification, of course, and acid-fast bacilli are w 

found in non-tuberculous lesions which grow like the tu ere e 


11 Dubos and Davis : Jour, Bact., 1948, 55:11. „ 65.210. 

« Foley Proc. Soc. Exp. Biol. Med., 1946, 62-298; Goldie ° 

18 See the discussion by Corey. Amer. Rev. Tuberc., 1945, 5- 
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demonstrated by mixing the patient’s serum with a suspension of living rickettsi*. i n . 
cu bating at 37° C. for 3CM50 minutes, and injecting the mixture into the skin of a guinea, 
pig. With a control serum a reaction is evident 4-7 days later : with a serum containing 
neutralizing antibodies the reaction is more or less completely suppressed. Antibodies 
may be demonstrable years after an attack of the disease (Giroud 1038) 

Discussion of the Weil-Felix Reaction. 

The explanation of this reaction is still obscure. 

That the Proteus X bacilli are not themselves responsible for the disease is indicated 
by the following facts : (1) they are found in only a minority of typhus patients ; (2) they 
do not produce experimental typhus in the guinea-pig ; (3) they are never isolated from 
guinea-pigs infected with true typhus virus ; (4) guinea-pigs inoculated with Proteus X 
bacilli develop no immunity to the subsequent inoculation of typhus virus ; (5) guinea- 
pigs that have recovered after inoculation of typhus virus are as susceptible as normal 
guinea-pigs to o lethal doso of Proteus X bacilli (Otto J 019). 


Felix himself is of the opinion that the two organisms are genetically related 
and that Proteus X must be regarded as a variant of Rickettsia, differing from 
this organism in its morphological, cultural, and pathogenic properties, but 
resembling it in the possession of a common 0 antigen (see Chapter 39 and Felix 
and Rhodes 1931, Felix 1933a, b, 1935). If this is so, then Proteus X 19 may 
be looked upon as the variant of R. prowazeki, and Proteus X K. as the variant of 
the Rickettsia of scrub typhus. Proteus X variants corresponding to R. rickeltsi, 
R. burneti, and 12. quintana have not yet been discovered, though it is interesting 
to note that strains with a dual antigenic structure responding to both OX 19 
and OX K agglutinins have been reported in Tunis (type S 24) and in Sao Paulo 
(type ATL) (see Laigret and Durand 1934). 

We should be unwise, however, to accept such an explanation without definite 
proof. Clearly, the most satisfactory evidence would be afforded by a direct 
demonstration of the change from Rickettsia to Proteus, either in tissue culture or 
in the louse’s intestine. Attempts to prove the existence of a genetic relationship 
along these lines have not yet proved successful, though suggestive results have been 
recorded by Weigl (1923), Anigstein (1933), and Anigstein and Lawkowicz (1939). 

As a corollary it would be important to show that Proteus X strains were never 
encountered except in relation to Riclcltsia. Our available information on t is 


point is not very reassuring. 

A number of workers (see Sparrow and Roussel 1936, 1937. van Logbem 1936) have 
isolated Proteus X 19 strains from persons suffering from diseases other than yp us * 
Sparrow and Roussel, working in Tunis where typhus is epidemic, cultivated orgarm 
of the X 19 type from the blood of about 60 per cent, of typbua patients m » ftn 
from about 9 per cent, of patients suffering from other diseases, such as un u an ’ 
typhoid fever, malaria, and pulmonary tuberculosis; in the following jear, ® e ' 
the proportion of positive cultures was very much lower. It may fur cr ® no . . 
Proteus strains havo been found in the blood and urine of typhus ever pa >cn s 
were not of the X 19 type (Schiirer and Wolff 1919; see also TeUx iMi). 

Some workers, such as Otto (1919), have regarded the "Weil-Felix *f a ^j*”* , 
an example of para-agglutination, using this term to mean the *68 ** *“ ^ 

a heterologous organism by virtue of a property conferred on l y ^ a 

the homologous organism. It is supposed that Proteus baa h i y 

typhus-infected patient gain new antigenic receptors, which ren ^ jt 

ceptible to antibodies produced against the typhus virus. If 



637 


Immunity 

Immunity. The immune response of the animal body to the presence 
of the tubercle bacillus is indicated bv the appearance of agglutinins, pre 
cipitins, opsonins and complement fixing antibodies in the serum This re 
sponsc is not marked, however, for these antibodies are present only to low 
titers. None of them, with the possible exception of the complement-fixing 
antibodies, is of diagnostic value. 20 

of- > ■ .* 

res ■ ■ . ■ 

ments. lie showed that the subcutaneous inoculation of the normal guinea pig 
with tubercle bacilli produces no immediate response but that in ten to fourteen 
days a nodule dev clops which breaks down to 3 persistent tulierculous ulcer 
and the regional lymph glands become swollen and caseous In the tulierculous 
animal, how e\ er, an indurated area appears within a day or two, and there is 
slight necrosis with the formation of a shallow ulcer which heals promptly 
without the dev elopment of gross tubercle tissue or the im asion of the adjacent 
lymphatics by the bacilli. This resistance to reinfection is rclatwc, of course, 
and is not shown unless the primary infection is of some weeks' standing or if 
large numbers of bacilli arc injected. Animals may be sensitized, not onlv by 
infection with virulent bacilli, but also by the inoculation of attenuated or killed 
bacilli. Sensitization with preparations of the bacillary cell substance is dif- 
ficult. however, and very large doses must he administered. Raffel- 1 has shown 
that the delajed, non-passhcly transferable reaction is a result of inoculation 
with tubercle bacillus protein combined with a purified wax fraction consisting 
of an ester of polysaccharide and higher alcohols with livdimv fatty acids, 
the protein alone produces an immune response with formation of precipinns 

Tuberculin. 23 The sensitized animal will react to the soluble cell substance of 
the tubercle bacillus, preparations of which have been called tuberculin. Tu- 
berculin is usually prepared from the human type of tulicrclc bacillus, though 
bovine tuberculin is practically as active as human tuberculin in infections 
with the human bacillus; avian tuberculin, although considerably less active, 
will also produce a reaction. A varictv of tuljcrculins have lx*cn prepared of 
which only a few need lac noted here. The first of these was made bv Koch, 
and consisted of the filtrate of a glvccml broth culture of the bacilli con 
ccntratcd by evaporation on a water bub to nlxaut one tenth its original volume 
(the activity is beat-stable). This mUcn.il is "original’* or "old" tuliercuhn 
fTOor Ol ). A "new" tuberculin (Til— tuIxTCulin residuum) was prepared 
bv Koch in 1R97 by macerating living virulent bicilli and extracting the mass 
with water, and then maLing .an rinulsion of the residuum, lie later advn 
catcd the use or an emulsion (Fill— bacillar) emulsion or n.inf/rwemnJiiVm) of 
the entire substance of voting virulent bacilli in 20 per cent glvcrml, actn illv 
a vaccine. Denvs introduced the use of the un literal filtrate from broth col 
tttres (IFF— broth filtrate). None of these later innov it ions however, j*rmet! to 
he superior to old tuberculin, and the original preparation, or slight modifications 
of it, has lorn wide!) used. 

**H Kbps* si Hoi 19*1. 15 l *f. 

»’ P,j«M I sir Inf !>.«.. I'll?, >.2 Zf> 7. 

Cf ilr l-s IVid. lut<nlr. jots f« U7 



2082 THE TYPHUS GROUP OF FEVERS 

agents, and partly because of the sporadic nature of the disease in man, In murine 
typhus fever the usual measures may be taken for the suppression of rats, and 
I)D1 may be applied to rat runs and boles to destroy the fleas. Against tsutsu- 
gamushi the most valuable general measure has proved to be impregnation of 
the clothing with dibutyl phthalate or benzyl benzoate to protect against mites 
(McCulloch 1946, Bushland 1916). No satisfactory insecticide to repel ticks is yet 
known, but in suitable circumstances attempts may be made to free infested 
animals b\ dipping them in a solution of sodium arsenite or spraying them with 
DDT or gammexane. Ticks attach themselves to man rather slowly and do not 
transfer infection at once, so that in tick-infested areas an examination should be 
made of the body and clothing twice daily to remove any ticks that may have 
gained access to them. Precautions may have to be taken to prevent the inhalation 
of infected dust arising from louse faeces or other material. To prevent Q fever 
spread by infected milk, pasteurization is desirable, preferably at a temperature 
of 162° F. for 15 seconds (see Huebner el al 1949, Marmion el al. 1951). 


Vaccination. 

Numerous attempts have been made to produce active immunity against typhus 
fever by vaccination. Some workers have used live vaccines. Nicollc and taigret 
(1936), for example, prepared a vaccine of murine virus from infected guinea-pig and 
rat brain, and Cluvero del Campo and Gallardo (1949) a vaccine of an avfrufent 
variant of the epidemic virus. These products are not without danger, and most 
workers prefer killed vaccines. For these a thick suspension of rickettsi® is re- 
quired, as Fulton and his colleagues (1946) have shown that, no matter how the 
vaccine is made, its protective potency depends on its rickettsial content. Various 
methods have been used. 


(a) Wetgl's louse vaccine. — Lice are inoculated by the rectum with the classical typhus 
virus. After a week or so they are killed. The intestines are removed and ground up with 
0 5 per cent, phenolized saline (Weigl 1933). Since three doses are given, requiring the 
use of 120-175 lice for each subject, an enormous louse farm has to be maintained if vaccine 
is to be prepared on any considerable scale. An additional drawback is the necessity loi 
feeding lice on immune persons for a week after infection. 

(b) Killed suspensions of rickeltsue grown in animals — The early method of Zinsser an 
Castaneda (1930a, 1931, 1933) of using a murine virus injected mtraperitonealiy into 
guinea-pigs or rats whose resistance had been lowered by irradiation or other means was 
abandoned when Okamoto (1937) and Castaneda (1939) showed that abundant grow i o 
rickettsi® occurred in the lungs of mice and rats injected intranasally with the 
virus. A vaccine can be prepared by grinding up the lungs 3 days after inoculation, 1 m 
the rickettsi® with phenol or formalin, and concentrating the organisms y < i eren 
centrifugation (Castaneda 1939, Durand and Giroud 1940a). Three doses o vacc 
recommended for man at 7-day intervals (Castaneda 1941). The mouses ung 

be used for growing an adapted strain of the classical typhus virus, and f* a ” e vromze ii 

described a method for preparing by this means a bivalent vaccine containing ‘ 

and if. mooseri. He recommended the injection of 5 or fi doses at wee / fln( j ^y e j 

(c) Killed suspensions of rickettsix grown in tissue culture.— Zinsser, 1 z £ ma i { j n[T 

(1939) described a method of growing nckettsiae in a modified Haitian treated 

use of agar blocks covered with living tissue. The growth can be remove 

with 0-3 per cent, formol for conversion into a vaccine. , M nthod of crowing 

{d) Chicle embryo vaccine.— Cox (1938, 1941) found that much t le . developing 

rickettsi® of typhus fever, spotted fever and Q fever was in the yo 
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The active principle of tuberculin is protein in nature, and the cultivation 
of the tubercle bacillus in glycerol-asparagin-citrate synthetic solutions by 
Long and Seibert has made possible the study of the active principle in purified 
preparations. The activity is associated with a number of protein fractions, 
one of which Seibert prepared in crystalline form. A more satisfactory prepara- 
tion of low molecular weight, ca. 2000, has been isolated by Seibert by pre- 
cipitation with trichloracetic acid. Originally designated SOTT (synthetic 
medium old tuberculin trichloracetic acid precipitated), it is now known as 
PPD (purified protein derivative). 23 

The comparative merits of OT and PPD have been the subject of a series of 
investigations in recent years. OT is relatively unstable in dilutions, while 
PPD, a dry powder, is "dry-diluted” with lactose and is, of course, indefinitely 
stable in this form. Different lots of OT vary somewhat in their activity; the 
activity of PPD preparations is relatively constant. It appears that PPD is 
quite as satisfactory as OT in actual use and, because of its stability and con- 
stant activity, is regarded by many as superior to OT. 

The Tuberculin Reaction. 24 Three types of reaction may be elicited in the 
sensitized, i.e., infected, animal by the injection of tuberculin. In addition to a 
local inflammatory reaction at the site of inoculation, there is a focal reaction 
manifested as an acute congestion around tuberculous foci which, if marked, 
may aggravate the pathologic process, and a constitutional reaction in which 
the temperature rises to a peak of 102° to 104° F. and subsides in twelve to 
eighteen hours. In man the constitutional reaction also includes malaise, pain 
in the limbs and, perhaps, vomiting, dyspnea and other symptoms. These reac- 
tions do not appear in normal animals. The utility of tuberculin is, then, two- 
fold; it may be used for diagnostic purposes and it has therapeutic value, though 
the latter is strictly limited. 

The diagnostic tuberculin test in man is generally a skin test, Koch's orig- 
inal method consisted of subcutaneous injection of tuberculin. The cutaneous 
reaction of von Pirquct involves the rubbing oF tuberculin on to the scarified 
skin. In the Mantoux test, the one most commonly used today, graded d°scso 
tuberculin are injected intradermally, usually starting with 0.01 mg. oF O 
and going as high as 1.0 mg. or even 10 mg. on rare occasions. (0.1 ml. o a 
1 : 100 dilution of OT is supposed to contain 1 mg.; the standardization o 
new batches is biological and carried out in guinea pigs infected with viru ent 
tubercle bacilli.) Smaller amounts of PPD are used, since it is in dry, ptn c 
form; usually 0.00005 to 0.005 mg. A “patch test” has been introduced Dy 
Vollmer 25 in which squares (0.8 cm.) of thin filter paper, impregnate \u 
tuberculin about four times as strong as the original old tuberculin an ric . 
are taped on the cleansed skin over the sternum or upper edge of t \c . 

The patch test appears to be somewhat less sensitive than the intracu an 
test of Mantoux. Since these are all skin tests only the local m am 
reaction is observed in infected persons. _ 69 

25 See the reviews by Seibert: Amer. Rev. Tuberc., 1941, 44:1; Baet. Rev-, 

Chem. Rev., 1944, 34:107. _ Tuberc., 1939, 

24 See the general comprehensive discussion by Long: Amer. i 


40. 607. .Q37 ca t oi9 ibid., 1938, 

25 Cf. Vollmer and Goldberger: Amer. Jour. Dis. Children, 193 , . 62-393. 

56.581, Hid-, 1939, 57-1272, ibid., 1939, 5S.-527, Man*! Arch. Fedamcf, 
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Chemoprophylaxis and Chemotherapy. 

Little is known about the prophylactic effect of drugs on the typhus group of 
fevers except for tsutsugamuslii. In the prevention of this disease Smadel and his 
colleagues (1919) showed in a controlled investigation that 1 gm. of chloramphenicol 
given daily protected exposed human volunteers during the time the drug was 
taken and for about a fortnight afterwards. 

In the treatment of the typhus fevers various dyes such as methylene blue and 
toluidine blue, members of the acridine series, and p-aminobenzoic acid have all 
been shown by egg culture or animal experiment to possess an anti -rickettsial action 
(for references see Findlay 1918), but their value in practice is overshadowed by 
the antibiotics chloramphenicol and aurcomycin. The remarkable therapeutic 
effect of chloramphenicol on tsutsugamuslii was demonstrated by Smadel and his 
colleagues (1918) in Malaya, where it was found that the temperature usually fell 
to normal within 24-48 hours of the beginning of treatment. The effect of the 
drug is to suppress rather than to kill the rickettsi®, so that relapses occur m a 
high proportion of patients a week or so after it is discontinued ; they can, however, 
be prevented or cured by rcinstitution of treatment {Smadel, Bailey and Diercks 
1950) Chloramphenicol also appears to be of value in the treatment of epidemic 
typhus fever and of Rocky Mountain spotted fever. Aureomycin is likewise 
reported on favourably in the treatment of this latter disease. For Q fever terra- 
mycin appears to be the drug of choice. 


Serum Treatment. 

Nicolle, Conor and Conseil (1911) found that the serum of human patients or 
monkeys convalescent from typhus fever possessed protective and curative pro- 
perties. Durand nnd Balozct (1940, 1941) prepared antiserum by the inoculation 
of horses and asses with mouse lung suspensions of the murine and classical types, 
nnd by animal experiments showed it to be more potent than human convalescent 
scrum. A* similar antiserum was prepared by Topping (1943) for the treatment 
of Rocky Mountain spotted fever by the inoculation of rabbits with infected ticks 
or yolk-sac cultures. None of these antisera has ever been tested under properly 
controlled conditions, and it is doubtful whether, with the advent of chloramphenicol, 
they arc likely to be used in practice again. 


Rickettsial Infection of Animals 

Though animals often act as a reservoir of rickettsi® that are pathogenic for 
man, little is known as yet of the occurrence of animal disease due to ofc er ypes- 
The best example is hcartwater. 

Heartwater. — Economically, this is an important disease of sheep, goats, an 
cattle. It is widespread over the whole of Africa, except the northern ^ 
Infection is due to Rickettsia ruminantium, first described by Oowdry ( /» 

is transmitted by the tick Amblyomma hebneum. Clinically , , t e se , .r 
from the hyperacute form, on the one hand, to the abortive form, , 

The incubation period in sheep is T to 14 days. The acute form is c * 
by fever, serous effusions in the pleura, pericardium, and peri oneum. 
vulsive symptoms. The course is 2-6 days, and the case fata 1 j (Donatien 
Cases occur sporadically and in small groups, not in large e P ! e * , anc j 0 f 

and Lestoquard 1937) B. ruminantium, like the organisms o > W mze ^ 

spotted fever, infects primarily the vascular endothelium, and 


Immunity 639 

In >oung children a positive tuberculin reaction may be taken as indicative 
of infection. It was formerly believed that, once established, the hypersensitiv- 
ity persists essentially throughout life and that the tuberculin reaction is of 
limited value in the adult. It is becoming apparent, however, that reversion 
is more frequent than had been generally realized, particularly with reduction 
in the prevalence of the disease and therefore the risk of reinfection Further- 
more, there is some evidence that the correspondence of a positive tuberculin 
reaction and either healed or clinically significant tuberculous infection may 
not be as close as generally behev cd 39 

The tuberculin test in cattle has great diagnostic importance, however, and 
has been widely used in the United States and to a lesser extent elsewhere. 
Three types of test may be used in cattle the intraderma! test, the ophthalmic 
reaction of Calmette, in which tuberculin is dropped into the conjunctiva and 
the reactive animal responds with the development of a diffuse congestion and 
edema in six to eight hours which fades away in twenty four to tliirtv -six 
hours; and the constitutional reaction as indicated by a rise in temperature fol- 
lowing the injection of tuberculin. The intradcrmal inoculation into the skin 
of the caudal fold is generally practiced in this country. 

The therapeutic value of tuberculin may l>e dircctlv observed in lupus or 
tulierculous infection of the skin. As indicated aliovc, there is a reaction about 
the foci of infection manifested as an acute congestion and sloughing off of 
tissue. When it was first introduced tuberculin was regarded by mam as a 
Inghh effective specific therapeutic agent for tuberculosis Its use is, however, 
exceedingly dangerous, and, with the exception of lupus, the response of 
tulicrculous infection to the injection of tuberculin has heen disappointing 
1 he therapeutic use of tuberculin has diminished grcatlv in recent scars. It 
may he noted that the minute quantities used in the tuberculin test do not 
affect tulicrculous lesions. 

The Mechanism of Immunity. Infection with the tubercle bacillus confers 
a definite protection against reinfection, as "immunity to superinfection" re- 
sembling that observed in sjpbilis. The factors involved are as vet oliscure. 
Some current opinion favors the view tint the development of an allergic 
state is indicative of an effective immunitv. 57 In this connection ttrositis and 
Woodruff 7 " hive pointed out vvlut has been casually noticed bv manv workers, 
namely that in individuals giving a positive liiliercuhn reaction Jiving cells arc 
usuallv free of tulxvcle bacilli and the bacteria are present in necrotic areas 
separated In an a\ ascular barrier, while in the infected indiv idual giv ing a neg i 
tive reaction, tubercle bacilli arc found in great numbers in living tissue- The 
antilxxlies produced are apparently not significant and antisera hue no pm 
teethe or curative properties. As indicated alxne, the development of Iivjxt 
semivity is the most obvious response to infection, and there is no doubt tint 
hvjxTscmitivitv plats a part in acquired resistance as indicated in K«xhs carls 
experiments. Its relative importance is. however, not at all clear, and the 

** i umvlcn. IX-Jtinj; ant! Jlrinvn Amrr. Jiiur. Tub. Hcalili, 1939. "9 2 $, llihlittin 
Amrt ties Tulare.. 1910, <"471. 

I ‘I^>or Iltill.Ofbcr Intrmai. iTIItk PclJujur, 1746. J** 1021, Nrrf »n*f li'ttn . il-il , 
194'., ?x 1044, 

^‘IJnisrut anl HWm? Ar.cc. Jin. Tul<rr^ 1944. $017 i. 
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mechanism of what seems to be a low-grade immunity of short duration re- 
mains at the moment largely a matter of speculation. 

Active Immunization. The possibility of active immunization to tuberculosis 
has been of great interest since the discovery’ of the tubercle bacillus. In gen- 
eral, two types of vaccines have been employed, suspensions of living at- 
tenuated bacilli and suspensions of killed bacilli. 

The attenuated bovine strain of Calmette, BCG, has been regarded as the 
most promising immunizing agent and has been extensively studied. It was 
originally given as an oral vaccine in France in the early 1920's. However, the 
combination of inadequate statistical data and an incident in Lubcck, Ger- 
many, in which a virulent strain was inadvertently substituted for the vaccine 
strain, resulting in tuberculosis in inoculated persons, put it into disrepute 
Nevertheless immunization with BCG was further studied in the Scandinavian 
countries, beginning in 1925 in Sweden and in 1927 in Norway and Den- 
mark. The vaccine is given mtracutaneously in doses of 0.05 to 0.15 mg. and 
a positive tuberculin reaction appears in six to ten weeks in over 90 per cent 
of those inoculated. The hypersensitivity lasts for about four years, though in 
some persons there is reversion in as little as one year. On the assumption that 
a positive tuberculin reaction is indicative of immunity, reversion is taken to 
mean that rcinoculation is required. Sufficient time has now elapsed to permit 
judgment as to the harmlcssness and efficacy of BCG vaccine. Swedish experi- 
ence is summarized by YVallgren, 25 * Norwegian by Hansen, 30 and Danish by 
I lolm, 31 and that of the Scandinavian countries as a whole by Birkhaug. 3 ' 
In addition to these, shorter term immunization studies have been carried out 
with nurses in Canada by Ferguson, 33 and in the United States with American 
Indians by Aronson anti Palmer 11 and with infants by Rosenthal. 33 In general 
the foregoing studies have indicated that the immunization confers an ap- 
preciable, but not absolute, degree of protection against primary infection 
which is somewhat less than that given by the natural infection. For example, 
in the group studied by Aronson and Palmer the total incidence per 1 
person-years in the six year period of observation was 24.3 and 4.7 in the contro 
and immunized groups respectively. Perhaps more important is the apparent ) 
high degree of protection against the immediate consequences of primary m 


fection and the more severe forms of the disease. 

These conclusions are not universally accepted without reservation. 
recent reports hare been considered critically by Wilson/ 6 who is n0 
optimistic and emphasizes the living nature of a vaccine whose virulences 
fixed, the necessity of separation of the inoculated infant for some wee s 
and after vaccination, the immaturity of the immunity mechanism a ^ 
etc., as deterrents to a general application of the immunization proce 
the more highly civilized countries. In the United States the reporte 
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arc regarded as highly suggestive of the efficacy of such immunization, but 
BCG vaccination is considered to be in only an experimental stage as >et. 3T 

Perhaps to be regarded in the category of attenuated living bacilli is the 
“turtle bacillus” vaccine of Friedmann 3H This microorganism, A I) cobactcriwn 
chclonci, is of the “cold blooded” variety and was isolated from a turtle It 
is quite ineffective as an immunizing agent and is of only historical interest. 

Suspensions of killed tubercle bacilli have been used in the immunization 
of cattle and experimental animals. The Spahlingcr vaccine 1 ** is of this t\pe. 
Although the resistance of guinea pigs and cattle appears to be raised by in- 
oculation, the "immunity” so produced is of a \ cry low order 10 The inoculation 
of human beings with suspensions of killed bacilli has not been attempted 
on a large scale. 



Dr 148. Avian tubercle bacillus. Acid fast stain of a smear from a pure culiurc. X 1050. 


Pathogenicity for Lower Animnh. Tuberculosis of lower animals liv- 
ing under natural conditions is probablv \cry rare. Animals in captivity, how- 
ever, may contract the infection with some factht); in animals kept in zoos 
and in monkejs in the laboratory for cxjvriment.il purjvoscs tulvrctdosis is not 
uncommon. Domestic animals may be similar!) affected A wide v oriel) of 
animals may, of course, !>c infected experimental!) with one or another of the 
tjjvs of tuherde hicilli. 

Domestic Animals. The most common!) infested domestic animals arc cattle, 
jvigs and chickens Cattle arc infsxrtsxl with the bminr type of tubercle lucillm 
almost cxclusiv eh , tlicy arc not complete!) reshtant to the hum in tv pe, as Km h 
origin illy thought, hut infection is accomj'hshetl with some difficulty. Tlie 
prnjxmion of cattle infested increases with advancing age and. in the alrencc 
of control measures, mty reach 70 to 90 and j»nsi!>!) 100 jvr cent in animals 
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Mycobacterium 

kept in stalls. The natural infection is generally of a chronic, slowly progressive 
nature. The lymphatics are most frequently involved and may be the only 
tissues to show lesions. The lungs are also commonly affected. Lesions on 
the pleura have a peculiar characteristic appearance, the so-called ‘'perlsucht" 
disease. The liver, spleen and kidneys arc less frequently involved, but infec- 
tion of the mammary glands is not uncommon, ft may be noted that tubercle 
bacilli may be excreted in the milk in the absence of detectable lesions of the 
mammae. Congenital tuberculosis in cattle occurs with some frequency. 

Tuberculosis in chickens is very common and is exclusively an infection with 
the avian variety of the tubercle bacillus. With the exception of parrots and 
certain birds of prey, birds arc highly resistant to infection with the human 
and bovine varieties, and it is probable that natural inFection with these types 
rarely if ever occurs. Tuberculosis in chickens is usually a chronic process and 
is characterized by the formation of nodules in the abdominal viscera. The 
lungs are less frequently affected. 


CHARACTERISTICS Of THE VARIETIES OF TUBERCLE BACILLI 
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Pigs suffer from natural infection with both bovine and avian tubercle ba- 
cdh derived from infected cattle and poultry; they are also susceptible to in- 
fection with the human variety. In young pigs infection with bovine bacilli 
is generalized and acute with lesions in the lymphoid tissue, abdominal 
viscera and lungs Infection with the human bacillus is generally localized, out 
the avian type may produce a generalized inFection. 

Other domestic animals suffer from tuberculosis to a considerably lesser 
extent. Horses, dogs and cats are occasionally infected, and the disease is rare 
in sheep and goats. . , 

Experimental Animals. Experimental animals vary in their suscepn 1 ’ ) 
to the varieties of the tubercle bacillus and in the type of infection proauc 
Of these animals only two need be considered here, the guinea pig an t e 
rabbit. The guinea pig is highly susceptible to both bovine and human aci ^ 
and death follows the subcutaneous injection even of small doses in six 
fifteen weeks. The lymphatic glands, spleen and liver are most affecte , 
lungs only slightly and the kidneys never. The necrotic areas in t e spe 
and liver are the most striking feature of the gross pathology and are pe 
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it is not always successful, owing to the long incubation period of the disease and 
other causes. (For pleuropneumonia of calves due to Paslcurclta seplica, see p. 1855 ) 


CONTAGIOUS AGALACTIA OF SHEEP AND GOATS 

This disease is characterized by inflammatory lesions of the udder, eye, and 
joints. The milk yield in lactating animals is diminished, and instead of milk, a 
dirty yellow serous fluid containing small clots is secreted (Galloway 1930). Several 
outbreaks have occurred during the past hundred years in Europe, and more 
recently the disease has been encountered in North Africa. The case fatality is 
said to average about 15 per cent. The causative organism, which was first culti- 
vated by Bridrc and Donation (1923, 1925), resembles the organism of pleuro- 
pneumonia in its plcomorplrism and its filtrability. Natural infection usually 
appears to occur by ingestion. The disease can be reproduced by inoculation, 
especially of goats, with infected tissue suspensions, and with pure cultures (see 
Chapter 40). Animals that have recovered naturally from an attack of the 
disease have a high degreo of immunity. Active immunization is very difficult. 
Passive immunity may be conferred by the injection of immune sera prepared in 
sheep, goats, or horses (Bridrc and Donation 1925). 


Diseases Caused «y other Memijers of the Pleurof.veumo.via 
Groui* of Oroaxisms 

Numerous diseases of animals have now been ascribed to infection with other 
members of the pleuropneumonia group, such as arthritis, lymphadenitis, and 
suppurative lesions in rats, and arthritis and rolling disease in mice. The relation 
of these organisms to bronchiectasis in rats, distemper in dogs, and certain genital 
lesions in human beings is still under discussion. Space does not allow a ftu 
description of each of these diseases; adequate attention has already been pai 
to them in Chapter 10, which the reader may consult for references to the ongwa 
papers. 
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to the guinea pig. True tubercles arc seldom seen except in the very early 
stages of the disease. 

Rabbits are highly susceptible to infection with the bovine bacillus, some- 
what so to the avian bacillus and quite resistant to the human variety. Injec- 
tion of bovine bacilli produces a generalized infection that terminates fatally 
in two to three months On autopsv tubercles may be found in the spleen 
and liver, but the lesions arc most marked in the lungs and kidnevs and may 
even be confined to them. Very large doses of human bacilli (10 to 50 mg. 
intrapcritoncjlly) may produce a progressive infection but never the acute 



ani J 1940. Note lJ»e differential incidence and ifechne met iJie jurat) >nr (vro«l, If 
differentiation between white ami adored rates tt made for 1940. the picture it almost 
the same, if., the colored rates are sets similar to the 1920 rates for both white and 
colored. Data from the reports of the Census bureau. 

fatal miliary disease. The mammalian tubercle bacilli, indistinguishable by 
cultural or serological methods, mav. then, be sbarplj differentiated by their 
pathogcnicitv for these two experimental animals. 

Neither rabbit or guinea pig is particularly susceptible to infection with the 
avian htcillus though avian tuberculosis mav fxr produced in the rabbit.*' 
In the guinea pig death may Ite produced by large intrapentoneal doses, hut on 
autopsy microscopic tubercles arc not visible, cultures and smears of the liver 
and spleen, however, show the presence of the bicilh This form of tu1>cr- 
otlosts, the proliferation of the bacilli without macroscopic uilvtvlc formation, 
is known as the Yerjm type of tuberculosis. 

l.'phlr minings'. In min tuberculosis is ftrgelv an airh*rnc infection. 
Dissemination he milk is of relative!) minor imputaniv, particularly in the 
Unttrd States. The disease is one of civilization in that its transmission is 

*’ V-c rrMnan T hJ-crrfc! nil Infe*:tum WiHumi »nd \\ dims Ol. gjltinv'cr. 
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is contracted through sexual intercourse. After healing of the initial penile lesion 
males cease to be infectious, whereas females, on account of the peculiar lymphatic 
distribution in the perineal region, remain infectious for months and years. In 
females particularly, the disease often affects the genito-ano-rectal tissues with 
the production of a stricture— a condition referred to as esthiomtne— though it 
is not yet established that all cases of esthiomcne are caused by the lympho- 
granuloma virus. 1 r 

Attention was first concentrated on the local lesions, but the disease is now- 
known to be accompanied by a generalized infection. In its early stages it may 
even simulate typhoid fever ; arthritis and skin rashes are not uncommon, and 
symptoms suggestive of meningeal affection may occur (Findlay 1938). Congenital 
transmission of maternal antibodies has been noted, though the virus itself does 
not appear to pass through the placenta (Levine et al. 1943). A few laboratory 
infections have been reported (Harrop et al. 1941). In adults infection may remain 
latent for months or years. Pathologically, the essential lesion produced by the 
virus is a low-grade inflammation of the lymph spaces and lymph channels leading 
to caseation and fibrosis. 


Intracerebral inoculation of infective material into monkeys gives rise, after 
an incubation period of 6-12 days, to meningo-encephalitis. The mouse is also 
susceptible ; after intracerebral inoculation, symptoms appear in 2-4 days ; the 
coat is roughened, the back is hunched, and purulent conjunctivitis may be seen ; 
death occurs in 3-8 days. The viru3 may be carried on indefinitely by passage, 
but some strains gradually become inactive. According to Miyagawa and his 
colleagues (1936a), their virulence may be restored by intradermal passage through 
guinea-pigs, in which the virus produces a caseous papule at the site of inoculation. 
Intranasal inoculation of mice may give rise to focal lesions in the lungs (van 
den Ende and Lush 1943). Guinea-pigs and rabbits are relatively resistant to 
intracerebral infection. Infected monkey or mouse brain, when inoculated on to 
the prepuce, is able to reproduce the typical disease in human subjects (Levnchti 
et al. 1932, 1935, Wassen 1935). 


/Etiology. — The causative virus passes through Berkefeld N and Chamber- 
land L3 candles, though the results are said to be variable. According to 
Miyagawa and his colleagues (1935c) and to Broom and Findlay (1936), itsproba e 
diameter is about 0-125-0 175 jx, but electron microscope Btudies place it nearer 
0-45 (i (Kurotchkin et al. 1947) It is destroyed by exposure to a tempera ure 
of 56° C. for 10 minutes, and is readily inactivated by glycerol and by 01 P® r J- eQ ' 
formol. At 4° C. it remains virulent for about 3 weeks. The virus is 
to grow in tissue culture (Miyagawa et al. 19366), but it can be .propagate 
nitely by passage through the yolk sac of the developing chick em r f° 1 
et al. 1940, 1941). An infection occurs that proves fatal to the embryo in ^ 
to 2 weeks. Virus is present in large quantity in the wall of the yo 
in the yolk itself. Elementary bodies, demonstrable by histologica m ^ ’ 

have been described by various observers in infected tissue from, man, ^ 

and mice (for references see Findlay el al. 1938). They are sometimes re ® 
as the granulo-corpuscles of Miyagawa (Miyagawa et al. 1935a, 6). *“ j: scas °e 

antibodies may be detected in the serum of patients suffering irom /mjj) 
and in the serum of inoculated rabbits. According to Rake an one ^ 
the virus is able to give rise, when grown in the yolk sac of the c lie 
a thetmolabile endotoxin killing mice, injected intravenously, m 



Mycobactenum 

kept in Stalls. The natural infection is generally of a chronic, slowly progressive 
nature. The lymphatics arc most frequently involved and may be the only 
tissues to show lesions. The lungs arc also commonly affected. Lesions on 
the pleura have a peculiar characteristic appearance, tiie socalled "perfsucht" 
disease. The liver, spleen and kidneys are less frequently involved, but infec- 
tion of the mammary glands is not uncommon. It may be noted that tubercle 
bacilli may be excreted in the milk in the absence of detectable lesions of the 
mammae. Congenital tuberculosis in cattle occurs with some frequency. 

Tuberculosis in chickens is very common and is exclusively an infection with 
the avian variety of the tubercle bacillus. With the exception of parrots and 
certain birds of prey, birds are highly resistant to inFcction with the human 
and bovine varieties, and it is probable that natural infection with these types 
rarely if ever occurs. Tuberculosis in chickens is usually a chronic process and 
is characterized by the formation of nodules in the abdominal viscera. The 
lungs arc less frequently affected. 


CHARACTERISTICS OF THE VARIETIES Of TUBERCLE BACILLI 



Physiology 

Pathogenicity 

Variety 

Opt i 

temp 1 

j 

Rate of I 
grow th j 

ment 

Stimula- 
tion by 
glycerol 

Guinea 

Pig 

Rabbit : 

Chicken 

Human 

37° C , 

eugomc 

+ , 

+ 

+4-4-4- , 

* 

- 

Bov (tie 

37* C. | 

dysgonic 

i 

- 

++++ 

++++ 

- 

Avian 

40-42° C 

rapid 

4* | 

+ 

+ 

+4- 

+4-++ 


Pigs suffer from natural infection with both bovine and avian tubercle a 
cilli derived from infected cattle and poultry; they are also susceptible to in 
fection with the human variety. In young pigs infection with bovine baci | 
ts generalized and acute with lesions in the lymphoid tissue, abac 
viscera and lungs. Infection with the human bacillus is generally localize , u 
the avian type may produce a generalized infection. . 

Other domestic animals suffer from tuberculosis to a considerab y es 
extent. Horses, dogs and cats are occasionally infected, and the disease ts 1 
m sheep and goats. . jhilitv 

Experimental Animals . Experimental animals vary in their suscep 
to the varieties of the tubercle bacillus and in the type of infection pro 
Of these animals only two need be considered here, the guinea P 1 ^ a 
rabbit. The guinea pig is highly susceptible to both bovine ana buma ^ 
and death follows the subcutaneous injection even of small doses 
fifteen weeks. The lymphatic glands, spleen and liver are most a e * ^ 
lungs only slightly and the kidneys never. The necrotic areas m ^j. jr 
and liver are the most striking feature of the gross pathology an 
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lymphogranuloma may be regarded as strong confirmatory evidence (Bedson 1930a) 
It may be added that the lymphogranuloma virus may be distinguished from other 
viruses in the group by the cross-neutralization test, but this procedure is cumber- 
some (Hilleman 1945, St, John and Gordon 1947). 

Chemotherapy.— The lymphogranuloma-psittacosis group of viruses seem to be 
intermediate between the rickettsise and the filtrabie viruses in their susceptibility 
to chemotherapeutic agents. Both by egg culture and by animal experiment 
they exhibit some degree of susceptibility to the sulphonamides, the nitro- 
acndines, the quinoxalines, penicillin and chloramphenicol and still more to 
aurcomycin and tcriamycin (see Rodanichc 1942, Hamrc and Rake 1947, Hurst 
ct al 1953). Clinical experience of some of these drugs in the treatment of the 
disease in man is rather disappointing (Kramer el al. 1944), though favourable 
reports have been made on aureomycin. How the antibiotics act is unknown, but 
they appear to suppress the growth of the vims Tather than to destroy it. Relapses 
may therefore be expected owing to the survival of living virus in the tissues 


PSITTACOSIS 

This is primarily a disease of birds, which sometimes attacks man. The first 
human case reported was by Ritter (1879-80) in Switzerland, who described the 
clinical and pathological features of the disease. Little attention was paid to 
the disease till 1929-30 when psittacosis appeared in many places throughout the 
world. In the United States alone 74 foci of infection were recognized, and 169 
cases occurred with 33 deaths (Armstrong 1930). The incubation period in man 
is usually about 6-15 days. The disease resembles typhoid fever in many respects 
and is often complicated by pneumonia. Infection occurs by the inhalation of 
infective material excreted by parrots, parrakeets, love-birds (budgerigars), canaries, 
or other birds. Case-to-case infection is rare. Workers in a laboratory where 
the virus is being handled are particularly prone to develop the disease (McCoy 
1934). . . 

For many years psittacosis was regarded as a disease affecting prnnari } 
birds of the parrot family ; but in 1938, after an epidemic of pneumonia among 
the inhabitants of the Faroe Islands, widespread infection was demonstra c< 
among the fulmar petrels (Fulmarus glacialis), which breed on the coast an 
used by the inhabitants as food (Haagen and Mauer 1938, Rasmussen-Ejdc > 
Bedson 1940). Infection of human beings was four times as comm'™ w 
as in men, and was apparently contracted by the inhalation of io^c c 
during the plucking of the birds’ feathers. Later, Meyer and Eddie ( ) 1 

United States found that chickens were infected ; and Meyer, Eddie an 
(1942) showed that latent infection was present in pigeons collected from i 
parts of the States. Indirect evidence of infection of turkeys an ( U ^ 
brought by Eddie and Francis (1942). There n also reason to believe mat 
infection may occur in cattle and sheep. In this country the iso a 
virus from pigeons was reported by Andrcwes and Mills (1. )• pg 

evident that psittacosis is a common avian infection. Usua y j PP 
remain latent, but under certain conditions it may give rise 0 * \ mv j (1<T 
and prove fatal. Man is infected mainly from parrots and bw 0 D * 
possibly to his closeness of contact with these birds. 
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to the guinea pig. True tubercles arc seldom seen except in the \ery early 
stages of the disease. 

Rabbits arc highly susceptible to infection with the bovine bacillus, some- 
what so to the avian bacillus and quite resistant to the human variety. Injec- 
tion of bovine bacilli produces a generalized infection that terminates fatally 
in two to three months On autopsy tubercles may be found in the spleen 
and liver, but the lesions are most marked in the lungs and Lidncvs and may 
even be confined to them. Very large doses of human bacilli (10 to 50 mg. 
intrapcritoneally) may produce a progressive infection hut never the acute 



and 1940 Note the differential incidence and decline user the twent) scar period If 
differentiation between white and colored rates is made for 1940. ihc picture is almost 
the same, ir, the colored rates arc \cr> similar to the 1920 rates for both white and 
colored. Data from the reports of the Census flurcau. 

fatal miliar)’ disease. The mammalian tulx'rclc bacilli, indistinguishable In 
cultural or serological methods, may, then, l>c sharplj differentiated by their 
pathogenicity for these two experimental animals. 

Neither rabbit or guinea pig is pirticularlv susceptible to infection vsitli the 
avian bacillus though avian tuberculosis miv lx* produced in the rabbit .* 1 
In the guinea pig death mav lie produced hv large intrjjx-ritone.il doses. hut on 
autopsy microscopic tulxTcIcs arc not visible, cultures and smears <if the liver 
and sjvlcen, however, show- the presence of the htcillt. This form of tuber 
culosis, the proliferation of the bacilli wit limit macroscojnc tulx-rsle formation, 
is known as the Vcrsin i)pe of tuberculosis. 

Kpltlrmlnlog). In man tuberculosis is largel) an airbmne infection, 
Disscminmon !»v milk is r»f rclativelv minor imj*»rtancr. furticiilarlv in the 
United StJtes. The disease is one of civilization in that its transmission is 

,l See fcLLiuti drui liftrtum. W’lliiini *nd Wilkins Ci, fl*hmv«r 

I94J. 
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of virus-like bodies in infected tissues ; they grew these bodies in tissue culture • 
and they showed that they were specifically agglutinated by psittacosis antiserum 5 
and that they contained two different antigens, one heat-labile and one heat-stable' 
both of which were demonstrable by the complement-fixation reaction. Micro- 
scopical examination of suitable infective material, such as the tissues of mice 
suffering from the disease, reveals the presence of minute coccal and bacillary 
bodies, arranged singly and in pairs, and bearing a resemblance to rickettsia and 
to Paschen granules. They were described almost simultaneously by Levinthal 
(1930) in Germany, Coles (1930) in England, and Lillie (1930) in the United States, 
and arc therefore sometimes referred to as L.C.L. bodies. They can be stained 
with Gicmsa, and better still with River’s modification of Castaneda’s rickettsial 
stain. They can be thrown down almost completely by centrifugation at 5,000 
r.p.m. for 2 hours. They are largely held back by a Berkefeld N, a Chamberland L2, 
or a Seitz EK filter, but go through a gradocol membrane having an average pore 
diameter of 0-6 /*. Their probable size is about 200-300 m ft (Levinthal 1935, 
Lazarus cl al. 1937). In tissue culture they increase rapidly in size, become 
embedded in n homogeneous ground substance, and arc later replaced by smaller 
bodies (see Bland and Canti 1935). They can be cultivated on the chorio-allantoic 
membrane of the developing chick embryo for months without loss of virulence 
for mice, and can be consistently recovered from the spleen and liver of the embryo, 
which usually dies in 3-1 days (Burnet and Rountree 1935, Lazarus and Meyer 
1939). They cannot be grown in the absence of living cells, nor do they appear 
able to grow extraccllularly in tissue cultures (MacCallum 193C). They survive in 
frozen mouse spleen for 2 months, but die out rapidly in 50 per cent, glycerol 
phosphate at 6° C. Injected into guinea-pigs, they give rise to the production of 
agglutinins The nature of these bodies is still in doubt, but in their general 
characteristics they would appear, as already pointed out, to be intermediate 
between the rickettsia? and the filtrablc viruses (sec Bcdson and Gostling 1954) 

Owing to minor differences in pathogenicity of virus strains isolated from 
different avian hosts, Meyer, Eddie and Yanamura (1942) suggested that the term 
psittacosis should be reserved for human infections contracted from psittacine birds, 
and the term ornithosis used for infections from petrels, pigeons and chickens. 
The wisdom of such a suggestion is open to doubt. If the practice should become 
established of coining a special name for the disease caused by every antigenic or 
pathogenic variety of an organism, then the whole nomenclature of the bacteria 
and virus infections will become unwieldy and confused. 

Diagnosis and Immunity. — A rapid diagnostic test for the human disease, 
consisting of intraperitoneal injection of the patient’s sputum into mice an ^ 
subsequent demonstration of elementary bodies in impression smears rom 
liver and spleen, was described by Rivers and Berry (1935). The virus may ^ 
present in the patient’s blood during the first four days of illness. The ser ^.^ 
convalescent patients contains complement-fixing bodies, but has little neu r ^ 
mg power (Bedson 1933). A positive complement-fixation reaction, * 
already pointed out is not specific, may persist for years, possibly rt ; ons 

continued carriage of the virus. Post-mortem material should consis c jP 
. — ™ nr ™ r ,rardial effusion, the liver and 


stration of virus in suspected birds is best accompnsueu uy 
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facilitated by close contact. The frequency of positive tuberculin reactions 
rises rapidly from zero in the newborn to perhaps 90 per cent or over at 
puberty, and, as indicated earlier, almost all adults have been infected at one 
time or another. The infection is, then, widely disseminated through the 
human population. In most instances, however, clinical tuberculosis has not 
occurred and the lesions have healed. The proportion of persons with active 
clinical tuberculosis is not known; in some investigations the ratio of cases 
to deaths has been found to be as high as 10:1 or 12:1, but the ratio of re- 
ported cases to deaths is not much more than half of this The prevalence 
of tuberculosis, then, defies precise definition. 

There appear to be racial differences in susceptibility to tuberculosis. The 
death rate of the Negroes in this country is considerably higher than that of 
the white population, though the incidence of clinical tuberculosis in the two 
races is not greatly different. Whether this higher death rate is a consequence 
of environmental conditions or whether it is in part attributable to racial dif- 
ferences in susceptibility has been a point of considerable interest. It is prob- 
able that both factors are involved and that there is a real racial difference 
in susceptibility. In this connection the experience in the United States Army 
is of particular interest. Roth 42 has found that in the years 1922-36 the average 
white morbidity rate was 2. 10 per 1000 and the Negro rate 2.56, a ratio of 4 : 5; 
the white death rate was 0.24 and that of the Negroes 0.99, a ratio of 1 : 4; 
and the case-death ratios were 8.75 for the whites and 2 61 for the Negroes 
Under the controlled conditions prevailing, i.c., preliminary physical examina- 
tion, age and sex selection, the same housing conditions and identical diag- 
nostic and therapeutic facilities, it would appear to be definitely established 
that though the incidence of clinical tuberculosis is no greater in the Negro, 
the disease is much more frequently fatal and the indicated greater susceptibil- 
ity is a consequence of racial rather than environmental factors. Aronson 4 
has reported similar findings, during World War 11 the Negro, while making 
up but 10 per cent of the United States Army, contributed 43.4 per cent o 
the total deaths from tuberculosis. There is some evidence that less well-denne 
races of man differ in their resistance to tuberculosis; Jews and Italians appear 


to be more resistant than the Irish. . , 

The age and sex distribution of mortality from tuberculosis must be consi 
ered in relation to the decline m the disease rather than as isolated phenomena. 
That tuberculosis has been decreasing at a steady and relatively rapi rae 
since 1850 or thereabouts is indicated by the decline in the death rate trom 
this disease. As shown in Fig. 150, the death rate from all forms of tubercu^s 
in the registration area of the United States has declined from 190 per > 
000 m 1900 to 40.1 in 1945, and a decline of this general order 1S a PPf 
elsewhere. As in the case of some other diseases, the decline set m e ore 
discovery of the bacterial etiology of infectious disease and the ?P m .• e 
preventive measures, and hence is by no means entirely attri uta 
practice of preventive medicine. arrows 

This decline has not been relatively the same in either the various ag g i 
or in the two sexes. The death rate is highest in the very low age gr 


42 Roth'. Amet Rev. Tuberc., 1938, 38:197. 

43 Aronson Milit. Surgeon, 1946, 99491. 
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is believed to be 2-3 weeks. The duration of the febrile disease is usually about 
10 days The mitial rigor the pleural pain, and the rusty sputum of pneumonia 


~ * — ~ v T u " u “ l vucuuiuiua 

are seldom present, nor is there a leucocytosis. The disease does not spread readily 
by contact, it has no special seasonal incidence, and complications are uncommon. 


Bacteriological studies have so far not been very illuminating. In a minority 
of cases the influenza virus, the psittacosis virus, the lymphocytic choriomeningitis 
virus, Rickettsia burned, and even the fungus Coccidioidcs itntnids have been found, 
but in most cases the findings have been negative. Several viruses giving rise to 
pneumonitis in small laboratory animals have been described ; but with one or two 
exceptions, such as the virus isolated by Eaton and his colleagues (1944, 1945a) 
against which neutralizing antibodies were demonstrated in the patients’ serum 
(Eaton et ah 19456, Eaton and van Herick 1947), it is doubtful whether they were 
derived from the patients’ Bputum or were present in a latent form in the injected 
animals. Thomas and his colleagues (1945) suggested that a non-hccmolytic strepto- 
coccus — generally known as MG — might be responsible for some cases, because 
blood from the patients was found to agglutinate this organism ; and the presence 
in other cases of cold agglutinins, quite distinct from the MG agglutinins, is indicative 
of a different aetiology. Experiments on human volunteers show that the disease 
can sometimes be transmitted by filtered sputa and throat washings (Report 1946), 
and is therefore probably duo to a virus. 

There is considerable variation of opinion among clinicians and pathologists on 
the nature and correct name of this disease. Some regard it as a clinical syndrome 
capable of being produced by a number of different agents. Others, on the con- 
trary, believe it to bo a specific disease caused by a particular, but hitherto un- 
recognized virus. The first group, on the whole, prefer the name primary atypical 
pneumonia. The second group consider it more logical to use the term virus 
pneumonia. There is no doubt that primary atypical pneumonia is an unsatis- 
factory term, and becomes still more unsatisfactory when, in reference to a particular 
case, it is preceded by the word typical. Bedson (19506) objects to the term virus 
pneumonia, because some cases are of rickettsial and some of fungus origin. This 
merely means, of course, that Rickettsia burned and Coccidioides immitis— and tor 
that matter the tubercle bacillus — can produce a disease clinically resembling that 
which we arc now considering. Obviously further knowledge is required before vve 
can make up onr mind on these difficult questions ; but for our own part we eo 
that there is something to be said for both views. While admitting that t « 
dromes under discussion may be caused by a number of different agents, we conm 
it useful to define a disease which is usually caused by a primarily pneumo rop^ 
virus. For this particular disease we would use the term virus pneumonia, n 
denying of course that more than one primary pneumotropic virus may e ' en u * , 
be found responsible for it. It should be added that there is one extreme 
of thought which denies the existence of a virus setiology for the disease, an rC Jf^ 
the syndrome as essentially an aspiration pneumonia following an infection o 


upper respiratory tract (Robertson and Morle 1951)- . ^,-jj 

The diagnosis of the disease is a clinical one, but in the laboratory at e&p 


The diagnosis or tne disease is a cumcai one, dui ju me -- , . fl ^jf 

be made to exclude known bacteria, rickefctsise and viruses. In one-thu 0 


CCtSKE ana viruses. , Uo od 

of the cases “ cold ” agglutinins are found reacting with human Group ^ 

corpuscles at 0° C. but not at 37° C. (Turner 1943, Turner et al 1943, rcter 


1943, Horstmann and Tatlock 1943). These antibodies are ^ - .j 

may be found in other diseases such as paroxysmal hscmoglobmuria, 
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of one to two years, and falls rapidly m the five to nine group and then rises 
to a peak in early adult life, twenty to twenty-four, jnd declines with, m 
recent years, a small secondary peak between forty-five and fifty-four years 
(late adult tuberculosis). This secondary peak is a relam cly recent dc\clopmcnt 
and is regarded by Frost 41 as a residual of higher rates in earlier life rather 
than a postponement of maximum risk. The decline in tuberculosis in the 
present century has been relatively greatest in the very young, an undoubted 
consequence of preventive measures. 

The sex distribution of the death rates from tuberculosis in the various 
age groups is a curious phenomenon which has not been explained. The death 
rate for males of all ages is somewhat higher than that for females. In young 
adults, i.c., the fifteen to twenty-nine age group, the female death rate is am 
siderably higher than the male death rate. In the higher age groups the male 



Tir. 150 The prevalence of luberculusi*. all forms, in llic HcxMrjtinn Area uncc 
1900 as indicated b> the uncorrcctcd death rates l*rom data compiled b\ the bureau of 
the Ccmus 


death rjte become* projmrlion.nel) greater and exceed* the ft male rate for 
the rest of life. In the present century the female death rate in the higher age 
groups has decimal somewhat more rapidly thin the male death rate. The 
present status of the relation between the sex-specific death rates may lie il- 
lustrated 1» the ratio of nule to femde deaths in the United Stiles registra- 
tion area in 1931 —34 as given b> I Jailer. 1 " Tor all ages the ratio of mile to 
female deaths was l 24, at ages under ten the ratio was 1 22. at ten to thirty 
sears 069. at thirty to fiftv five years 1.64, and at fiftv five and over 1.57- (See 
he 149) 

Tulierculmis mortality has fallen at a more accelerated rate thin deaths 
from all causes, in 1900 more tlun II fvr tent of all deaths were due to 
tuliefstdoMs. in 1940 the |vrcv mage had fallen to 4 3 At the Ix^ginning of the 
centtirv tuhetcuiows was first in numerical importance as a came of death 
and it wax seventh in l‘M0 Although the reported cases and deaths Ime dc 
'•rr.«i Arrrr Jw, Ihc.Scc. A 19*7.3091. 

•» Druct Amer Fin lubrrc.. I9t*. 37 41$. 
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appears to be widespread in animals (Horsfall and Cumen 1946). When present in mouse 
lung suspensions heated to 80° C. for 10 minutes it is able to agglutinate mouse red blood 
cells (Mills and Dochcz 1944, Curnen and Horsfall 1946). This property was used by 
Ginsberg and Horefnll (1951a) for following the growth cycle of the virus in the mouse’s 
lung. 

Eaton, Beck and Pearson (1941) isolated a virus from four cases of pneumonia. It 
proved virulent for mice by intranasal or intracerebral inoculation, but not by ultra, 
peritoneal inoculation. It did not pass through a Berkefeld V candle, and it appeared 
to bo closely related to the meningo-pneumonitis virus, though not apparently identical 
with it antigenically (Beck and Eaton 1942). Elementary bodies were demonstrable in 
impression smears from infected organs. 

Gdnncrt (1941) described a virus found in the lungs of normal mice. It proved highly 
virulent after intranasal mouse passage, giving rise to broncho-pneumonia. In the tissues 
inclusion bodies were numerous. Elementary' bodies were visible in large numbers, 
particularly in tlio leucocytes. The virus, which is referred to as the broncho-pneumonia 
virus, apparently passed through coarso filters, and Lore a close resemblance to the 
viruses of lymphogranuloma, psittacosis and trachoma. 

Nigg and Eaton (1944) described a pneumotropic virus met with in normal mice. It 
proved highly virulent on intranasal inoculation, giving rise in small doses to focal lesions 
in tho lungs, and in largo doses to extensive consolidation. In the earliest stages of 
infection elementary bodies could bo demonstrated in the large mononuclear cells. The 
virus had no affinity for the nervous system. It could be cultivated in the yolk sac of 
the developing chick embryo. It was pathogenic to mice and hamsters, but not to rabbits. 
By complement-fixation and cross-immunity tests it could be distinguished from other 
mouse pneumonitis and meningo-pneumonitis viruses. According to Bake, Shaffer and 
Thygeson (1942) it is susceptiblo to sulphonamides. 

Eaton, MeiUejohn and van Herick (1944) (see also Eaton et ah 1945a, Eaton and van 
Hcnck 1947) were able to demonstrate a virus by inoculation of sputum or lung tissue 
from human patients into the amnion of the developing chick embryo. The virus is about 
180-250 m/t in diameter. It is mildly virulent to hamsters and cotton-rats producing 
pulmonary consolidation It is not adaptable to growth in the yolk sac or the extra - 
embryonic membranes of the chick embryo. Antibodies neutralizing the virus were foun 
in over half the patients diagnosed clinically ns primary atypical pneumonia. 

Olson and Larson (1045) (see a/so Larson and Oh on I94G) described a virus isolated from 
the blood and sputum during life and from the lung and spleen at post-mortem of patienj* 
suffering from a severe epidemic pneumonitis m Louisiana. The distinguishing fea v Tes 
of this virus are its pathogenicity for guinea-pigs on intrapentoneal inoculation an ^ 
mice on either intramuscular or subcutaneous inoculation ; both animals die within a ^ 
days. The virus is very’ pathogenic for cotton-rats, less bo to white rats and ar f^ eS 
It can be grown in the yolk sac of the developing cluck embryo Elementary ^ 
staining by Macchiavello’s method are present in the spleen of mice dying after in r 


s from wild rats in Princeton which he refers 


toneal inoculation. 

Nelson (1949) isolated a pneumotropic virus from wiju raw m rimytiw anasa lly 
to as the virus of tcild rat pneumonia. It was pathogenic to mice injecte in r 
causing death m 7-14 days. _ , , e gre y 

Andrew es and Glover (1945) described a pneumotropic virus, under ® rodents 
lung virus, that is pathogenic for mice, cotton-rats and to a less extent o ® £ n jtely 
It rarely kills its host, but gives rise to extensive lung lesions that persis 1 demo n- 
(Andrewes and Niven 1950). No active immunity or antibody production can , a 
strated. Mice are susceptible by mtranasal inoculation The viruspasse ^ ^ by 
gradocol membrane of 450 mp, is destroyed by heating to 50° C m «> mi e[emen(ar y 
0 3 per cent formaldehyde at room temperature in 24 hours No me usion. o 
bodies are found in the lung lesions. The classification of this^ virus ismh 


It may perhaps be mentioned that Sigurdsson, 
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dined markedly, there has not been any appreciable alteration in the pro- 
portion of cases to deaths, i.e., the case fatality rate . 40 

It will be dear that the observed decline in tuberculosis is a complex matter 
for which there is no simple explanation. Although unknown factors are un- 
doubtedly involved, it appears highly probable that the environmental im- 
provements implied in the more decent living of the last few decades hate 
contributed in no small part to the decrease in tuberculosis. The early detec- 
tion and isolation of cases practiced in recent years has very likely had its 
effect also. Frost 47 has pointed out that the observed decline is indicative of the 
inability of the disease to reproduce itself; a surplus of chances to establish in- 
fection is, of course, essential and the required level of transmission may be 
very high and necessitate not only universal but frequently repeated exposure 
to relatively large doses of bacilli. If the requisite level is not maintained the 
disease must necessarily die out. In certain other diseases the causative agent 
may be disseminated by healthy persons; in tuberculosis, however, it is only 
the "open” clinical case that discharges bacilli into the adjacent environment. 
The present practice of isolation of active cases would appear, then, to be a 
sound one, and it is perhaps not unreasonable to hope for the eventual eradica- 
tion of this disease. 


THE BACILLUS OF LEPROSY (MYCOBACTERIUM LEPRAE )* 9 

Like tuberculosis, leprosy is an old disease of man. Perhaps more prevalent 
in ancient times, it is now most common in Central Africa, India, Japan and 
other Asiatic countries, and it was estimated that there were about 3,000,000 
lepers in the world in 1924. The disease is prevalent in South America, with 
endemic centers in Brazil, Colombia and Argentina, and an overall incidence 
of more than 1 per 1000 population. Practically all the Caribbean islands are 
infected to about the same extent. It is relatively uncommon in Europe ana 
sporadic cases occur in Latvia, Estonia, southern and eastern Russia, ana on 
the Mediterranean coast. 

Leprosy has been introduced into the United States with varying con 
sequences. In Louisiana, Florida and Texas the imported cases have esta 
lished foci in which the disease has a tendency to perpetuate itself, whi e in 
California and the central northwestern States it tends to die out. Eisew e 
in the country transmission is so rare as to he negligible. 49 It is estinw e 
that there are 500 to 1000 lepers in this country, many of whom are se 8^ e 8 3 e 
in the National Leprosarium in Carville, Louisiana, the remainder ivmg 
the most part in California and New York. ., 

Bacilli were found by Hansen in 1872 in the round epithelioid ce s 
crally known as lepra cells, and the observation was one of the first o p 
genic bacteria. , .... i se j.. 

Morphology and Staining- Morphologically the leprosy aa 1 « 

resemble the tubercle bacilli. They are long (6 /0> slender 70 s ’ 
straight, but sometimes slightly curved. They are non-motile an 0 

46 Cf. Drolet- Amer. Rev. Tuberc., 1938, 37:125. 

47 Frost. Amer. Rev. Tuberc,, 1935, 32.644. w.Jliams & WJWn* 

48 For a detailed consideration see Rogers and Muir: Leprosy • vv 
Company, Baltimore 1940. 

* 9 McCoy; Pub. Health Reprs., 1942, 57;51» 
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BWinc influenza which, unlike virus pneumonia, is an acute disease of short duration 
with an incubation period of only 2M8 hours. Swine influenza moreover occurs 
numily in the autumn and winter, whereas virus pneumonia shows little seasonal 
variation. It seems probable that virus pneumonia of pigs is caused by a vims 
belonging to the lymphogranuloma-psittacosis group, though no Castaneda-positive 
inclusion bodies have so far been recognized. 

Cat Distem ter 

A disease, known variously as distemper, nasal catarrh, or influenza, has been 
Btudied to a limited extent in the cat (Hindle and Findlay 1933, Dalling 1932, 
1934, Baker 1912, 1914). It appears to be caused by a virus entirely different 
from that infecting dogs. The disease is highly infectious, debilitating, and lasts 
about a month. It is characterized by sneezing and coughing, and a mucopurulent 
discharge from the eyes and nose. Pneumonia is not usually detectable during 
life, but if the animal is killed, greyish densely consolidated areas are found in 
the anterior lobes of the lungs. The disease can be reproduced in cats by intra- 
nasal infection with ground-up pneumonic lung ; parenteral inoculation causes 
only a mild fever. Mice injected intranasally die in 3-5 days, and after serial 
passage of virus in 2-3 days. Infection can be transmitted to rabbits, guinea-pigs, 
and hamsters as well by intranasal inoculation, but only mice and hamsters die. 
Films from the lungs of these animals show dense plaques and aggregations of 
elementary bodies similar to those seen in psittacosis. Baker’s feline pneumonitis 
virus can he grown in the yolk sac of the developing chicle embryo. It was purified 
by Moulder and Weiss (1951), who found the elementary bodies by elect ronmicro- 
scopy to have an average diameter of 423 m ft. It is killed at 50° C. in 30 minutes. 
In 50 per cent glycerol it is inactivated within about a month. It is less pathogenic 
to mice than cither the mcningo-pneumonitis or the ornithosis virus Its toxin is 
neutralized only by homologous antiserum (Hnmrc and Rake 1944). The serum 
of convalescent cats contains specific complement-fixing antibodies towards it. 

Another virus isolated from feline pneumonia, but differing from Baker’s virus, 
was described by Blake, Howard and Tatlock (1942). It may be noted that cases 
of pneumonia in human patients and in cats have not uncommonly been associate , 
though there is yet no definite evidence to show that the same virus was rcspousi e 
for both. 


TRACHOMA 

Trachoma is a widespread disease pursuing a chronic course from c3r ^j,f^j 
junctival inflammation to late hypertrophy and cicatrization. According to 
(1944) the four most characteristic signs are: (1) inclusion bodies descri 
“ Lindner’s initial bodies ” and “ von Prowazek-Halberstaedtcr inclusion o ^ 
(sec Bengtson 1928) in conjunctival epithelial scrapings ; (2) follicular reac ^ 
the tarsus as well as in the fornices ; (3) invasion of the cornea by bloo ' e " ^ 
— pannus ; and (4) subsequent scarring of the conjunctiva. The disease is pec ^ 


- of the lower animals 

Monkeys suffer from a spontaneous follicular conjunctivitis which 
trachoma in certain respects, and which has given rise to a great dea o c . 
in the past. Grivet monkeys (Lasiopyga g nseovmdis . syn GerC0 P ltte J* can be 
,and vervet monkeys ( Lasiopyga pygerylhra : syn. Cercopitnecus pyge J 
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duce spores. They generally occur within the cells but are sometimes found 
free in the lymph spaces. Their arrangement within the cells is characteristic, 
several bacilli being usually grouped together in bundles like packets of 
cigarettes. 

The staining reaction of these microorganisms is much like that of the 
tubercle bacilli. They stain somewhat more readily than the latter, and also 
decolorize more quickly with acids, but the difference is not great enough for 
differentiation. The presence of large numbers of bacilli within the cells, 
together with the clinical features of the disease, makes it possible to distinguish 
leprosy bacilli from tubercle bacilli without difficulty. Because of their acid- 
fast staining characteristic and their morphological resemblance to the tubercle 
bacilli and similar bacteria, these bacilli are included with the mycobacteria 
and designated Mycobacterium leprae- 



Fir. 151 The leprosy bacillus Acid fast stained smear from a shin lesion. Note the 
characteristic tendency to parallel arrangement of the bacilli in pachcts. X 1800. 


Cultivation. Numerous unsuccessful attempts to cultivate Hansen's bacil- 
lus on artificial media were made for jears by bacteriologists all over the world. 
A few investigators ha\c reported positive results. In most instances acid fast 
bacilli have been cultivated, but in others a variety of microorganisms, includ- 
ing diphtheroids, actinom)cetes and anaerobic bacilli, ha\c been found. It has 
been suggested by some workers that the acid fast bacilli present in leprous 
lesions ■ ' 1 ' * ' ' ' , * ■' 

body c * 

org.inis ' ■ J . . 

tamed apparent growth and continued multiplication in subculture on an 
artificial medium of an acid fast bacillus. Ilis results were confirmed by others, 
in particular Duval , 55 who reported cultivating a bacterium regarded as AI>co 
leprae directly from human tissue on artificial media. Acid fast bacilli, some 

40 Kcdiwshi: Ztschr. f. Hjg, 1901, 37.52. 

41 Clegg Philippine Jour. Sci . 1909, -f -iOi- 

41 Dmal- Jour Exp. Med, 1910, 12 6A9. 
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(1938) show that inclusion blennorrhcea can be transferred to monkeys, especially 
baboons, and that, in contrast to experimental trachoma, inclusion bodies can be 
demonstrated in the conjunctiva of the inoculated animals. Elementary bodies 
about 0-25 ft in diameter are found in infective material ; they can just pass a 
collodion filter of 0-7 ft A.P.D. Tissue cultures have bo far been unsuccessful. 
The disease does not seem to be highly contagious. The natural habitat of the 
virus appears to be the genito-urinary tract, in which it gives rise to sub-clinical 
cervicitis in the female and non-specific urethritis in the male. Infection is trans- 
mitted vencrcally. The eyes of the infant become contaminated during birth. 
Unlike trachoma, ophthalmia in the new-born infant occurs during the first 12 days 
or bo of life, and the demonstration of conjunctival inclusion bodies at this time is 
diagnostic of the disease. Inclusion blennorrhcea may be successfully treated by 
the topical application of sulplionamidcs in infants and by oral administration in 
adults. Aureomycin and tcrramycin arc said to be of value given systemically. 
Chlorination of swimming baths is desirable to destroy the virus. (For reviews, see 
Thygcson 1918, Bcdson cl al. 1930.) 


EnzoBtic Auohtion of Ewes 

An enzootic infectious disease causing abortion in owes in the south-east of 
Scotland was described by Stamp, McEwcn, Watt and Nisbct (1950). Premature 
lambing or abortion occurs during the last 3 or 4 weeks of pregnancy. Up to 30 
per cent, of the ewes may be affected. Second abortions arc uncommon in the 
same animal, suggesting that immunity dcvc)o]>s. The cotyledons and foetal 
membranes arc diseased, and can be shown microscopically to contain large numbers 
of elementary bodies staining by Maccliiavello’s and Castaneda’s methods. The 
disease can bo transmitted to pregnant ewes by subcutaneous or intravenous 
injection of a suspension of infected material. The virus can be cultivated in the 
yolk sac of the developing chick embryo and on the chorioallantoic membrane 
It undergoes a cycle of development similar to that of the psittacosis virus (Stamp 
1951) Its membership of the lymphogranuloma group is further shown by the 
possession of the same heat-stable antigen as that found in other members o te 
group. Psittacosis virus, for example, fixes complement in the presence o sera 
from infected sheep, and the sheep virus fixes complement in the presence o ' ser° 
from human cases of psittacosis and lymphogranuloma (Barwell and Bishop • 
Retrospective diagnosis of the disease in ewes can be made by the comp em 
fixation test ; this becomes positive within 2 weeks of abortion and remains P osl ! 
for at least 4 months (Stamp, Watt and Cockburn 1952). Natural transmis ^ 
of infection probably occurs through contact with the diseased fcetal mem 
The virus appears to remain latent in the tissues till the following P^®6 
(SIcEwen el al. 1951) There is no evidence that the disease is tick-borne. 3 
tion is said to reduce the incidence of abortion. 

Sporadic Bovine Encephalomyelitis — This disease has been noted mainly in ,^ ess ncM> 
West of the United States of America. The clinical picture is one of fever, ^ up9 
gradual emaciation, watery discharge from the eyes and nose, spasm o mu ^ w eeks, 
and lameness, weakness of the limbs, and eventual prostration. The course * tomtls and 
and 40-70 per cent, of affected animals die. At necropsy serofibrinous P g The 
pleuritis are found, and there is histological evidence of mcnwgo-encep ao^ o( 

disease is not primarily one of the nervous system. There is a wi e p 
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acterized by the development of masses of granulation tissue, the so-called 
“leproma,” which may appear superficially in different parts of the body, and 
by their growth and coalescence produce distortion and mutilation The anes- 
thetic type, or nerve leprosy, progresses more slowly, the at erage duration of 
the cases being nearly twice as long (eighteen years) as cases of the nodular 
type, some being known to extend over thirty-five or forty years Atrophy of 
the muscles and other trophic disturbances accompany the nerve lesions. Very 
many lepers die of other diseases, Kean and Childress, 57 for example, reported 
that, of a group of 82 lepers autopsied, 24 died of tuberculosis, 22 of neuritis, 
15 of leprosy, 10 of heart disease, 4 of cancer, and the remainder of miscel- 
laneous diseases other than leprosy. 



Fig. 152. The probable prevalence of leprosy in the world as indicated by present 
data Based on Goode Bose Map No 201 M. By permission of the University of Chicago 
Press. (After Saunders ) 


In both forms of leprosy Hansens bacillus is found in all cases, in enormous 
numbers as a rule in the lesions of nodular leprosy, and less abundantly in 
the anesthetic type. Very few bacilli are observed outside the body cells, and 
they are found in the cytoplasm and do not invade the nucleus Almost any 
part of the body may be the site of leprous growth, the kidneys are usually 
invaded, the liver and spleen always The bacilli have been seen in the central 
nervous system and are occasionally found in the blood, generally in the leuco- 
cytes but sometimes free 

Leprosy has never been produced in experimental animals by the inocula- 
tion of leprous material from man, even the implantation of nodules contain- 
ing enormous numbers of bacilli has been without effect. 

* r Kean and Childress- Internal. Jour. Leprosy, 1942, 10 51, 
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Transmission. Leprosy is probably transmitted by contact, though the 
conditions that make transmission possible are entirely unknown. There are 
numerous instances in which healthy persons, such as asylum attendants, have 
been more or less in contact with lepers for long periods without contracting 
the disease. In other cases, however, leprosy has been contracted by those in 
close and long-continued contact with diseased individuals. There is also in- 
direct evidence of transmission. Manson r>8 cites the case of an Irishman who 
acquired leprosy in the West Indies. On his return to Ireland his bed was 
shared by his brother who, moreover, sometimes wore the leper's clothes. The 
brother, who had never been in any foreign country, became in time an un- 
doubted leper. In this instance communication from one person to another was 
practically demonstrated. Currie** 1 found that a large percentage of cases 
studied in Hawaii gave a history of exposure, and that usually such exposure 
was of an intimate character. Saunders 80 has pointed out that leprosy occurs for 
the most part in populations of low social order living under unsanitary con- 
ditions of poverty, crowding, uncleanliness and sickness. Even so a relatively 
small proportion of those exposed develop the disease. Doull et al. Gl hare 
shown that age at the time of exposure is important, the risk being greatest 
for those exposed before five years of age. The average interval between ex- 
posure and development of leprosy in their study was 10.5 years for those ex- 
posed under ten years of age, and 6 years for those exposed over ten years of 


One way in which the bacillus may leave the body is in the nasal mucus, and 
large numbers of the bacilli are found in the secretions of the nose in many 
cases. Bacilli may sometimes be discharged from the mouth or nose in small par- 
ticles of mucus. In the opinion of many writers, the mucous membrane of the 
nasopharynx is the point at which the bacteria are introduced into the body, 
as well as the chief source from which infection is spread. 

Evidence of the direct inoculabilitv of leprosy from man to man is quite 
inadequate. Many attempts to infect healthy persons have been made and 
have faded, and one often-cited instance of successful inoculation is by no 
means unimpeachable. In the case of the criminal Keanu in the Hawaiian 
Islands, reported by Arning, 02 implantation of material from a leprosy nodu e 
was followed by the development of true leprosy, which terminated fatally six 
years after inoculation The experiment, however, did not include the im 
portant source of error involved in the facts that Keanu was a natue o 
country in which leprosy was common, that he had lived among lepers, an 
that members of his family were lepers. More recently La?oudaky tnocu a 
himself intramuscularly with blood from two lepers and contracted t e IS ^ ' 

Much light is thrown on the contagious character of leprosy by ^ su ^ r 
that has attended the isolation and segregation oF leprous patients ^ 
wegian experience showed that a careful but not unduly rigorous sys e 


5S Manson. Tropical Medicine. London. 1900, p. 448. 

59 Currie. Pub. Health Bull. No. 41, 1910. 

Saunders - Proe. Sixth Pacific Sa. Congr., 1942, 5:957. 25435- 

8i Doull, Gurnto, Rodrigues and Bancroft' Amer. Jour. Trop. * 

02 Anting Arch f path. Anar.. 1893, 134.319. 

63 Lazoudaly Jour. Trop. Med. Hyg , 1937, 40 77. 
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scabs of tile skin lesions may likewise prove infectious ; laundry workers are some- 
times infected in this way. 

According to Downie (1951a), the virus enters by the respiratory tract and produces 
a minimal or dosed non -infectious lesion in the mucosa. Then ce it passes to the lymphatic 
nodes and by the blood stream to the internal organs- Progressive infection of ceils in 
these organs takes place with corresponding increase in the amount of virus Towards 
the end of the incubation period the virus overflow into the blood stream producing a 
secondary virsemia. The shin and other tissues become infected, and the formationof 
antibody follows a few days later. The maturation of the eruption proceeds after the anti- 
body has appeared, as the virus is already in the cells and is protected from the antibody. 

Animal Inoculation, — Smallpox cannot be reproduced in its typical form in 
any of the lower animals. In calves and rabbits only minimal lesions are produced ; 
and if material from these lesions is passed continuously through a series of 
animals j the virus is so altered that it gives rise to vaccinia, and reproduces 
this type of infection when again inoculated into a child. 


The most susceptible animal to variola is the monkey. Intracutaneous inoculation 
of pus from a human patient gives rise to a papule after 5 days ; by the 8th day this 
is vesicular, and by the 10th day a typical pock is formed, with a raised congested edge 
surrounding a crateriforra depression, partly filled with dark purulent material (Blaxall 
1023, Gordon 1025). Intratesticular inoculation of the monkey with variola virus gives 
rise to an orchitis with the appearance of a rash on the scrotum. Passage from one 
monkey to another is almost uniformly successful. Cats and dogs are said to be less 
susceptible than monkeys, but morn so than rabbits. Infection in the less susceptible 
animals may be of the “ inapparent ” type, in which immunity develops in the absence 
of any clinical manifestations of disease (Teissier et at. 1931). Pus from cases of alastrim 
gives rise to very much the same lesions as that from the classical type of smallpox. 

Both calves and rabbits can be readily infected with vaccinia. Inoculation of the 
scarified skin of a rabbit with calf lymph causes a red swelling on the 3rd day, whic 
increases until a red papule is formed, surrounded by a red areola ; the papules become 
vesiculated about the 5th day, and tend to coalesce and to become pustular ; scab 1”® 
follows on the 7th or 8th day. A good calf lymph should give a reaction in the ra i 
when diluted 1/1000 ; sometimes a reaction occurs even in a 1/100,000 dilution, 
vaccine lymph is inoculated intravenously into a rabbit, and a portion of the ® 111 1 
thereafter shaved, vaccinial papules appear about the 3rd day on the shave ‘ 

(Calmette and Guerin 1901). In poorly nourished and in nursling rabbits the suscep » ^ 

of the skin to infection is said to be decreased (Sprunt 1942, Pearce el al. 103 «» V ^ 
a very large dose of vaccine lymph is inoculated intravenously into a rabbit— . 
of undiluted stock emulsion — or a highly virulent virus is employed, a genera iz,e e .. 
occurs over the entire body surface, and lesions may develop in the internal organs ^ ° 

1918, Douglas et al. 1929, Armstrong and Lillie 1929). Subcutaneous face j n tra- 
give rise to a local pustular eruption, but often no superficial lesion appears a a • . 

testicular inoculation results m the development of an orchitis and (edema o ® ^ a 

the animal dies about the 6th day. Inoculation on the scarified comes rgw . 

keratitis and purulent conjunctivitis. Intracerebral inoculation of xa ' ^ to t j, e 

by trembling, paralytic, and other nervous symptoms and by death on 0 ^bits, 

8th day ; the brain and spinal cord of these animals prove infective in^anssal 
when inoculated on to the cornea or intracerebrally (Marie 1920). . , jg hours ; 

inoculation, the virus can be demonstrated in the cervical lymph glands m a blood 

it appears to become attached to the lymphocytes and hence finds its way 
stream (Yoffey and Sullivan 1939). inoculation of the 

In mice a vesiculo-pustular reaction may often be obtained y 
scarified foot pad or tail with vaccinia virus (Rosenau and Andervcm 
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separation was accompanied by a diminution oF the number of eases from 2870 
m 1856 to 577 in 1900. The circumstance that infection docs not tnvariablj 
follow chance contact or association should not, therefore, lead to neglect 
of the facts that leprosy is a lucicri.il disease; that up to the present under 
natural conditions the specific bacterium lias not been found except in the 
human hod)'; and tint, so far as is definitely Innun, the leper himself is the 
most important means hv which leprosy spreads. 

Immunity Man is clearly high!) resistant to infection with the lepros) 
bacillus, and, after infection is established, the ensuing disease is essential!) 
a licnign process that may tale many scars to terminate fatally, in fact, mans 
lepers die from other causes. Little is known rcginhng the specific immune 
response. Lepers do, houcscr, ties clop a In persons ilhi tv to the cell substance 
of acid fast bicilli such as the tubercle lucillus and the various siprophytic 
species. A curious fan is the appearance of a positive Wasscrmmn reaction 
m lepers in the atiscncc of svpliihs. According to some, this is an artifact arising 
from infection with vans, and it is said that the Kahn test is negative in non 
svpluhtic lepers. Recent investigations,** however, have shown that loth the 
Waswrmann and the Kahn tests may be positive in lepers having no clinical 
s\ mptoms of syphilis. 

Lepromin. The h) persensitivity developed by the leper may !>c demonstrated 
by the intradcrmal inoculation of materia! prepared from leprous nodules- Two 
reactions arc observed, one early and occurring after three or four days, and 
the late reaction appearing three to four weeks after inoculation. The reaction 
is not specific in that a response is also elicited by preparations of other acid 
fast bacilli. Dharmendra* 3 has isolated a nttclco protein from leprosy nodule 
« r*. •" !••»* •* "w ! r~ w In its present form, 

I! ■: : ilv known as rat 

leprosy, and characterized by enormous mtm!>crs of acid fast bacilli present in 
the lesions, was dcscrilxxl by Stefansky in 1903, as occurring in wild rats in 
Odessa. The disease was observed in the same )car by Dean, who later showed 
it to lie transmissible. It has since been observed in wild rats all over the 
world.** 

The acid fast bacilli closely resemble the leprosy bacillus in size and shape 
and arc found intracellular!)* hut not as often in the packet arrangement of 
parallel bacilli. Afjeo. leprae tmtrium has not been cultivated on artificial 
media. The disease may, however, be transmitted to white rats, mice and 
guinea pigs by inoculation with pieces of tissue.* 7 The experimental infection 
is a relatively benign process. A local, circumscribed lesion develops following 
subcutaneous inoculation which becomes palpable in four to five weeks and 
eventually develops to a large tumorous mass ulcerating on the surface and 

•* Badger, Patrick, Fite and Wolfe in Nat. Inst. Health Bull. No 173, 1940, Faget and 
Ross - Ven. Dis. Information, 1944, 25 133. 

•* Reviewed by Dliarmcndra and Lowe - Leprosy Rev., 1946, 17 9. 

«® See the re' iew bv Low c Int. Jour. Lepr , 1937, S 31 1, 463, also Fielding. Med. Jour. 
Australia, 1945. 32 473. 

81 Tor recent studies on experimental rat leprosy sec Fite in Nat. Inst. Health Bull No. 
173, 1940. 
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granules. These Guarnieri corpuscles may be produced very rapidly— in a few 
hours— by inoculation of the scarified comea of a rabbit with the vaccinia virus. 
I lxcd, and stained with methylene blue and eosin, they appear as irregular pink 
and lilac masses, which indent the nuclei, and which may contain acidophilic or 

basophilic granules (Figs. 300, 301). 








CL 
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Besides the Guarnieri corpuscles, 
which are always present at some 
stage in variolous and vaccinial 
lesions, very tiny intracellular 
bodies, Ol-O-25/x in diameter, have 
been described ; they are generally 
called “ Paschen’s granules ” (see 
Fig. 235, p. 1086). They were first 
observed by John Buist of Edin- 
burgh in 1887 (see Gordon 1937). 
The work of Ledingham and his col- 
leagues, of Paschen, and of others 
(see Chapter 41) leaves no doubt 
that these granules, or elementary 
bodies as they are often called, 
constitute the actual causative 
virus of the disease. The Guarnieri 
corpuscles probably represent in- 
tracellular microcolonics of the 
virus. The microscopical demon- 
stration of the virus particles in situ 
may be accomplished by suitable 
staining methods (see Tom’guchi et 
al, 1932n, Hangcn and Kodama 
1934, Herzberg 1934, 1936, Tang 
and Wei 1937) For a description 
of the general properties of vac- 
citual elementary bodies, the reader 
is referred to the review by Smadel 
and Hoagland (1942), and for their 
morphology under the electron 
microscope in sections of infected 
tissues to a beautifully illustrated 
paper by Morgan and his colleagues 
(1954) It should be noted that the 
contents of smallpox vesicles an 
pustules arc as a rule bacteriologically sterile (Mair and Parker 1953). 

The virus of variola is not easily filtrable when present in tissue extracts, P™ 
because of the imperfect liberation of the virus from the cells or its a sorp 
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Fro. 301. 


Guarnieri corpuscles in tho cornea of an experiment- 
ally inoculated rat. 

a — five small vaccine bodies in congeries. 

b = fully developed vaccine body. 

c = vaccine body showing reticulum breaking up 
into granules ; similar granules throughout 
cytoplasm. 

d = vaccine body with central portion consisting 
of homogeneous material. 

N = nucleus. 

(After Ewing.) 


Decause ox me imperieci. nueruwun ox me virus - — f.ji.xy 

particulate matter in the suspension (see Green and Eagles 1931). ^ ® ^ 


of the elementary bodies in vaccine lymph was demonstrated by Negri ( )’ ures 

cultivation of variola and vaccinia viruses in the rabbit’s testicle, in tissue ® 
in vitro, and on the chorio-allantoic membrane of the developing c uc 
were described in Chapter 41, and are referred to again on p. 
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persisting throughout the life of the rat. The earliest lesions in the other organs 
do not appear before four to six months, and the animal dies only after a year 
or more. 

The relation of rat leprosy to human leprosy is not known. Rats are not 
susceptible to inoculation with human leprous material. 


OTHER ACID-FAST BACILLI 

Mycobacterium Paratuberculosis. 03 A chronic enteritis of cattle 
usually terminating fatally is caused by an acid-fast bacillus closely resembling 
the avian variety of the tubercle bacillus. The disease is sometimes called 
Johiie’s disease and the bacillus Johne’s bacillus after its discoverer. The disease 
only remotely resembles tuberculous infection. The lesions in the intestinal wall 
are proliferative and the granulomatous tissue may contain epithelioid cells and 
occasionally giant cells, but there is no caseation. 

The disease appears to be.widcspread in the United States. Infected cattle 
become hypersensitive to the bacillar)' substance and filtrates of cultures pro- 
duce a skin reaction analogous to the tuberculin reaction which is designated 
the “johnin reaction." No case of human infection with Myco. pciratubemtlosis 
has been recorded. 

The Vole Bacillus. An acid-fast bacillus responsible for an epizootic, 
chronic infection of the field vole, Microtus agrestis, resembling tuberculosis 
was discovered by Wells Gl> in 1937. It closely resembles the tubercle bacillus 
culturally though it forms no pigment and growth is not enhanced by glycerol. 
It is pathogenic for both guinea pigs and rabbits, considerably more so for the 
latter, and is not pathogenic for fowls. Brooke 70 has suggested that it is a distinct 
type of mammalian tubercle bacillus and should be called Mycobacterium tu- 
berculosis var. mtiris. This microorganism has been of particular interest be- 
cause, though it produces only a localized and retrogressive infection when in- 
oculated in small doses in guinea pigs and calves, tuberculin sensitivity is pro- 
duced, and preliminary experiments on its use as a prophylactic have given 
suggestive results. , 

The “Cold-Blooded” Mycobacteria. Acid-fast bacili have been found 
associated with pathologic processes in various cold-blooded animals. In some 
instances the processes superficially resemble tuberculous lesions. Myco. piscntw 
was isolated from nodules and tumor-like formations in carp; Myco. viartnttm 
from “tuberculosis” of sea bass and certain other salt-water fish, ii y c _° 
ranae was found in the liver of a frog; Myco. thamnopheos is a parasite in 
garter snakes, and Myco. chelonei, the “turtle bacillus, has been re erre 

The saprophytic acid-fast bacilli include the well-known tirn0 |j^ 
bacillus, Myco. phlei , found in soil, on grasses and elsewhere 1 ^ 1 . na / ur ^' er 
“butter bacillus," Myco. bittyricum; and Myco. smegmatis, which is. °V 
a parasite found in both male and female smegma. The smegma aCJ . . j 
often difficult to distinguish from the tubercle bacillus on ^ morp o » 
grounds, and confusion of the two may have considerable practica impo 


cs Hagen and Thomson- Tr. Nat. Tubeic. Assn., 1931, p. 232. 

69 See the general review by Wells: Med Res. Council Spec I ept. 

70 Brooke Amer, Rev. Tuberc., J94I, 43 806. 
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VARIOLA AND VACCINIA 


is mixed with an antivaccinial scrum and incubated at 37° C., a finely floccular 
precipitate appears similar to that obtained with vaccinia! material (Gordon 1925). 
Using this method, Tulloch (1928) was able to make a rapid diagnosis of smallpox 
during an epidemic in Dundee. For a description of the detailed technique reference 
should be made to the report by Craigie and Tulloch (1931). A more delicate method 
than precipitation is afforded by the complement-fixation test (Craigie and Wishart 
1936). The contents of at least C vesicles or pustules, or the crusts from at least 
6 lesions, arc required. The test is more rapid than that of cultivation, being 
completed within 24 hours. It cannot however be used in the papular stage of 
the eruption, nor does it distinguish between variola and vaccinia. In severe cases 
of the disease with a fatal prognosis antigen may be demonstrated in the patient’s 
blood (Downie et al. 1953). 

(d) Demonstration of antibody in the patient's serum . — Antibody is most con- 
veniently detected by the complement-fixation test using an antigen made with 
vaccinial or variolous lesions. The test does not become positive till the beginning 
of the 2nd week of the disease ; it does not distinguish between variola and vaccinia , 
and it is unsuitable for use in persons vaccinated within the previous G or 12 months 
owing to the presence of residual antivaccinial antibody. Its chief value is in the 
diagnosis of atypical cases at a late stage of the disease, or during convalescence 
when the skin lesions have healed. Complement-fixing and anti-hiemagglutinating 
bodies do not persist for more than 12 months after an attack of variola, though 
neutralizing antibodies may be demonstrated for years (Downie 1951a). 


Immunity. 

Our knowledge of immunity may be said to have started with Jcnncr’s dis- 
covery in 1790 that inoculation with cow-pox protects against subsequent inocu- 
lation with smallpox ; though it was known before that one attack of smallpox, 
naturally or experimentally incurred, protected against a second attack. Jenner 
believed that cow-pox was really smallpox, modified by passage through the cow 
— a belief rendered rather doubtful by investigations of recent years. Cutaneous 
inoculation of the calf with variolous material from man produces msignincan 
lesions ; but if the material from these lesions is passed through further ca ves^m 
senes, then after three or more passages a good vesiculo-pustular eruption #PP ^ 
on the inoculated skin This experimentally produced disease is similar to t ou^ 
apparently not identical with the naturally occurring cow-pox. If the pus es ^ 
scraped at the height of their development, ground up in a mortar, an ^ 
withglyccrolatcd saline, the resultmgproduct is indistinguishable except sero 
from vaccine lymph. In practice it is found beneficial to pass the r m 

from the calf to a rabbit, from the rabbit to a calf, from the calf to a chi , an ^ 
the child back to a calf, or through some similar series ; in this way the ac ^ 
the virus seems to be better maintained than by continuous passage rou D 


species of host. . e j t h e i 

Experimentally, rabbits that have been inoculated with vaccmi j n _ 

cutaneously, subcutaneously, or intravenously, become resistant to a , bjt9 
cculation within about 10 days. When repeated injections arc^ given. ^ 

become hyperimmunized, and in their serum neutralizing vinci a an( ] an ti- 
be demonstrated, as well as agglutinins, precipitins, complcmen ' ° ig25 chu 

hsemagglutinating bodies (Ledingham 1924, Gordon 1925, So ern inoculated 
1948). W. Smith (1929) brought evidence to show that, in 



1 he Stiproyh) lie Act: l /ml llacillt 65 ^ 

m f Itc diagnosis of suspected eases of tuberculous infection of the urinary 
tr.>ct. It is, it mnv lx- noted, also found in the urine and may contaminate 
fecal sjxximrns, 'Hie saprophytic htnllt all grow much more rapidly than the 
tulvrcle kuilh, and neither they nor the Inctlh isnhtrd from coldblooded 
antmds arc pathogenic for guinea pigs and rabbits, or at lx*st only feebly so. 
1 he interrelationships of these non pithogemc acid fj*t lucillt arc considered 
at length b) Cordnn ,, and Cordon and Ilagin.* 5 
'•Gordon J««r Bart, 1937. 3-IY.17. 

"C^don imlll^n Jour lUt.. I93S. 36 39. 



